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Abstract

Eco-design usually focuses on eco-friendly mate-
rials, energy efficient technologies and design
for disassembly. Regarding the use phase less has
been done. The research field Design for Sustain-
able Behaviour (DfSB) highlights the important
aspect of users’ impact on product sustainabil-
ity, and suggests strategies for changing the user
behaviour through product design. However,
there are few product examples on the market
providing evidence of when such strategies have

been applied.

The refrigerator is a product for which the user
behaviour has great impact on the sustainability.
Notonly in terms of energy consumption, but also
the related food waste. This Master Thesis Project
was carried out in cooperation with Electrolux
with the aim to develop a refrigerator concept
that changes the user to adopt a more sustainable
behaviour. Three concepts were developed based
on the findings from a thorough literature review
and user study with the aim to understand the

problem situation and users’ barriers to a sustain-
able behaviour. A finding from the study was that
users understanding of the connection between
their actions, e.g. placing warm food in the refrig-
erator, and the consequences on energy consump-
tion and foods durability often is low, so is the
knowledge of good food preservation.

The project resulted in the final product concept
Pompador; a refrigerator that strengthens the
bonds between the product, user and the brand.
Above all it can change the users’ behaviour to be
more sustainable - avoid wasteful consumption of
resources. Pompador is a refrigerator with draw-
ers customized for different foodstuff and a top
surface to be used as a workbench. The concept
is developed for 5-10 years ahead and strongly
focused on the target user. It includes increased
feedback and an interactive top surface that helps
the user chill and thaw food efficiently. The con-
cept was evaluated and assumed to change the
user’s behaviour successfully.
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1. Introduction

This chapter introduces this Master's
Thesis Project and includes a description
of the background and the problem situa-
tion, a presentation of the research ques-
tion, the aim and purpose of the project and
its deliverables and limitations. At the end
of the chapter the structure of this thesis
report is outlined, and a brief introduction to
Electrolux is given.

11, BACKGROUND

Sustainable design is an area in which currently
much research is performed, and a central topic
within this area is Design for Sustainable Behav-
iour (DfSB). In the field of DfSB, several sets of
intervention strategies for how to - by means of
product design - change the users to adopt a more
sustainable behaviour are suggested. Because in
the end it does not matter how sustainable and
energy efficient the technology in a product is
if the users do not use the product in a sustain-
able way. This motivates to put effort on design-
ing with the intent to change the user behaviour
to be sustainable. According to research it has
been claimed that DfSB not only leads to ben-
efits for the environment, but also can result in an
increased level of innovation for companies. Just
as advancements in technology can lead to new
innovations, user centred design with sustainabil-
ity can also do (Selvefors, Blindh Pedersen and
Rahe 2011; Nidumolu, Prahalad and Rangas-
wami, 2009).

The product in focus of this project has been the
refrigerator and the cold preservation of food sit-
uation in the domestic environment. The project
has its foundation in the DfSB approach, and has
been carried out in cooperation with Electrolux
in Stockholm, Sweden, and Porcia, Italy, and for
the Electrolux brand. The project was initiated
with a working period of four weeks at the Elec-
trolux Industrial Design Centre (IDC) in Porcia
in Italy, after which the Stockholm office was the
workplace for the remaining period of time.

1.1.1. Problem Description

The refrigerator is a product found in almost
every household and it is used daily. The usage
implies resource consumption and thus the user
behaviour has an impact on the product sustain-
ability.

The refrigerator’s evolution over the years has pri-
marily been focused on the technology and its
efficiency, and regarding design and interaction
have not much been changed since its invention
almost 100 years ago.

New refrigerators have relatively energy efficient
technology and a refrigerator that is top rated in the
standardized energy efficiency test consumes about
18 W, ie. less than 0,5 kWh per day (Wihlby,
2012). There is a continuous development towards
better and more efficient solutions, but after all
it does not matter if a refrigerator has the highest
energy class if the door is left open, it is loaded with
hot food and the food stored in it is wasted.

ﬁ— Introduction



It can be argued that further improvements of
its energy efficiency would lead to insignificant
reductions of total domestic energy consump-
tion, since the consumption already is compara-
tively low. On the other hand, one can argue that
even incremental improvements have considera-
ble positive impact, since the appliance is so com-
mon and in use 24 hours a day all year around.
Then take into consideration that the measured
energy efficiency improvements only applies
when the refrigerator is left closed in standard-
ized conditions, and not when it is “misused” as
it commonly is in reality.

In addition to the unnecessarily high energy con-
sumption due to the users' behaviour with the
refrigerator comes food waste. Food waste might
be an even bigger problem and today is almost a
third of all food bought thrown away. The eatable
food wasted equals 3600-5300 SEK per house-
hold and year (Modin, 2011). The reasons for
food waste can be several: foodstuffs are not stored
in the right way, too much food is bought, food is
forgotten in the refrigerator and sometimes expir-
ing dates are relied on instead of tasting or smell-
ing the food. Since the refrigerator plays such an
integral part in food preservation, much can be
improved and the wasting subsequently decreased
by changing how people use their refrigerators.

Today, many companies are competing with
sustainability, but in a near future sustainability
probably will not be a differentiating factor, but
a prerequisite to at all be in the competition. The
competition will rather be about the functional-
ity, experiences, usability and design between the
already sustainable products. Therefore sustain-
ability is getting increasingly important in prod-
uct development, and so does the demand for
attractive “green products” that give added value
to the user. Still, many users associate eco-friendly
products with lower performance: less attractive-
ness and less fun to use; something that is not
necessarily the truth. The refrigerator is a product
associated with high resource consumption in the
use phase. However, few users reflect on it. There-
fore there is a significant potential for improve-
ments towards more sustainable user behaviour.

1.1.2. Purpose

The purpose of this Master’s Thesis Project was to
explore the context of cold preservation of food
in the domestic environment to develop a cold
food preservation concept that is sustainable and
affects the user to adopt a sustainable behaviour
when using it. The purpose was also to suggest a
new way for Electrolux to strengthen their profile
as a sustainable premium brand and stand out in
the competition.

1.1.3. Am

The aim of the project was to develop a design
concept for a cold preservation of food prod-
uct that encourages sustainable user behaviour,
i.e. offers energy efficient usage and prevents
users from wasting food. The concept should be
designed for the near future, i.e. 5-10 years ahead.
In addition a number of other important factors
have been targeted, namely:

» The product concept should be developed
to attract the target group of the Electrolux
brand with emotional benefits and associ-
ated added values — such as convenience or
emotional benefits.

» The product concept should elaborate on
and express Electrolux’s brand identity, by
means of aesthetics, usability and function-
ality.

» The product concept should strengthen
Electrolux’s position as an eco-friendly brand
and fit with the Electrolux major appliances
product portfolio.

1.1.4. Question Formulation

Based on the problem description, purpose and
aim, the question formulation for the Master’s
Thesis was:

How can an attractive cold food preservation prod-
uct be designed so it offers a meaningful added value
combined with good usability, encouraging the user
to utilize it in an optimal way regarding food dura-
bility and energy consumption, resulting in a sus-
tainable user behaviour?

Introducti
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1.1.5. Deliverables

The deliverable of this project is a final design
proposal of a product concept visualised with
renderings. Besides the final concept proposal
there are three less elaborate part concepts pre-
sented orally, visually and in writing. There is
also this academic report, presenting the exten-
sive research study, describing the project process
and presenting and motivating the results and the
project process in detail. Finally there will be oral
presentations where the project and its results are
presented at Chalmers University of Technology
and at Electrolux IDC in Stockholm.

1.1.6. Limitations

Within the frames of this thesis project no new
technology is developed. The results should be
based on technologies existing today, or technolo-
gies that currently are under development. This
means that the technological solutions included
does not have to be in use or industrialized today,
but be highly possible to use in 10 years” time. The
proposed solutions should be realistic to produce
within the set time span, but yet at a conceptual
level. Thus the final concept should be feasible to
be realised within 10 years, and every detail does
not have to be defined. Choice of materials has
been taken into consideration, but has not been
in focus and neither the sustainability of them.
The same goes for the pre- and post-use phases,
which are outside the scope of the project. This
is also the case for the product economy, since
cost estimations for a future product concept
would be approximate and the product concept
was aimed at the premium segment where higher
costs can be accepted.

Even though Electrolux is a global brand, the
product concept developed in the project was tar-
geted to the European market, focusing on Swe-
den. This because of the major cultural and local
differences related to the food stored in refrigera-
tors. However these differences mainly concern
the design of the interior, why solutions to make
user behaviour more sustainable can be expected

to work globally.

The project focuses on a product that can replace
a refrigerator; having the capability to preserve
at least the same kind of food as a present
refrigerator and the freezer has not be taken into
account. Since the focus has been on design for
sustainable user behaviour graphic design of the
interface have not been elaborated on in detail,
and existing symbols from Electrolux have been
used.

1.1.7. Report Layout

This report consists of twelve chapters and each
chapter starts with a brief introduction to its con-
tents. This section is for the reader to better under-
stand where to find what in this report.

After this first chapter introducing the project back-
ground and its aim, a rather extensive theory chap-
ter follows. This theory chapter is here for any reader
who wants to deepen the knowledge and have a bet-
ter basis to understand decisions and turns made
in the project. In Chapter 3 the methods used are
described, and the short Chapter 4 presents an over-
view of the project process and when the methods
have been applied. In the 5th and 6th chapter the
findings and results from the pre-study and the user
study respectively, are presented. The 6th chapter
also describes the set up of the user study. Chap-
ter 7 serves as a bridge between the pre-study and
the concept development and summarizes the most
important findings, the barriers and problem areas,
to meet in the concept development. The 8th chap-
ter describes the part concepts and the development
of the final concept, before it is presented in Chap-
ter 9. There is also a Chapter 10 in which further
motivations and the evaluations of the final concept
are presented for those who want to find out more
about that. Finally, a discussion of the results and
the project can be found in Chapter 11 before the
conclusions and recommendations in Chapter 12
respectively 13.

If just being curious about the results of the pro-
ject, the reader can go directly to Chapter 9, but to
better understand them especially the last conclu-
sions from Chapter 6 and the entire Chapter 7 are
important to read. Moreover, a lot of complemen-
tary material can be found in the appendices.

Introduction
| 3



1.2. ABOUT ELECTROLUX

Since this project was carried out for the com-
pany Electrolux and the Electrolux brand, fol-
lows a brief introduction to the company and the
brand in focus.

1.2.1. The Electrolux Group

Electrolux is a global leader in household appli-
ances and appliances for professional use, selling
more than 40 million products yearly in over 150
markets (Electrolux Group, 2011b). The company
was founded as AB Lux in 1901 in Stockholm,
Sweden and AB Electrolux was established in 1919
after agreements between AB Lux, Electromekani-
ska and Electron (Electrolux Group, 2011d). In
2010 Electrolux had 52 000 employees and a turn-
over of 106 billion SEK. Electrolux product range
includes dishwashers, washing machines, vacuum
cleaners, cookers, air-conditioners, refrigerators
and freezers (Electrolux Group, 2011a).

Apart from domestic appliances - major and
small appliances, the Electrolux Company also
offers products for professional use. Electrolux
Professional is a business segment of the Elec-
trolux Company focusing on professional prod-
ucts. With their professional products they are
the world-leading supplier of total solutions of
professional food service and laundry equipment.
The professional and domestic two parts have his-
torically been well separated

The core values of the Electrolux group are; Pas-
sion for Innovation, Customer Obsession and Drive
for Results (Electrolux Group, n.d.). Their tagline
is “Thinking of you”, which refers to their ambi-
tion to place the user in focus. The Electrolux
group has more than 50 different brands, as for
example Zanussi, AEG and Electrolux.

Being innovative is a central role for the com-
pany, and that is one of the reasons why Elec-
trolux Design Lab, an annual global design com-
petition for design students, was established in
2003, (Electrolux Group, 2011d). Apart from
innovation, the humanistic and the environmen-
tal approach are important for Electrolux.

The Electrolux logotype is an evolution E as can
be seen in figure 1.1.

1.2.2. The Electrolux brand
The Electrolux brand is the flagship brand of

the Electrolux Company and is one of the major
brands on the refrigerator market, and one of the
few with a global presence. It was up to 2010 a
brand positioned in the medium segment with
the profile to be caring for their customers. In
2010 Electrolux changed the positioning towards
the high-end segment, and is now one of few
global household appliance brands in the pre-
mium segment. Competitors to Electrolux on the
refrigerator market are brands as Siemens, Bosch,
Miele, Lg, Whirlpool, Polar, AEG (also an Elec-
trolux company brand), Gaggenau and Indesit.

The brand values of Electrolux are empathy,
insightful, progressive and ingenious. The aim is to
be perceived as the “Thoughtful design innova-
tor”, and fulfilling the brand values is the way to
achieve this statement. Empathy means to have
compassion for others experiences, thoughts and
feelings. Insightful is to be perceptive and antici-
patory and to create meaningful value for the
consumers. Progressive implies challenging con-
ventions and deliver concepts shaping the future.
Finally, ingenious means creating clever solutions
and original experiences. (Electrolux, 2011c¢)

EEEEEEE XK

Fig.1.1: The Electrolux logo; an evoluted E.

Introducti
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The product design strategy is involving cross cat-
egory thinking, where the products of the entire
product range of the brand are aligned in their
design and interaction instead of only in individ-
ual product categories. This in order to achieve a
consistent expression integrating designs as well as
emotional aspects. The Electrolux brand imparts
Scandinavian values and the Scandinavian touch
is noticeable in the choice of materials, the func-
tionality and also in the stronger focus on making
sustainable products.

Introduction
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2. Theory

This chapter presents and summarize a Iit-
erature review of research and theory rel-
evant for the project to give a thorough
background and support the project and its
results. It covers the fields Design for Sus-
tainable Behaviour, Habits and User behav-
iour, Sustainability in Product Development,
Resource Consumption, the Refrigerator,
and Food Preservation.

2.1. DESIGN FOR
SUSTAINABLE BEHAVIOUR

Design for Sustainable Behaviour, DfSB, is a
field of research and an approach incorporating
a behavioural perspective in the product develop-
ment and design process - aiming to affect how
users behave in the interaction with products.
People tend to not act sustainable because there
are barriers for the sustainable behaviour that are
big, and the way to act unsustainable is easier.

The Six Steps of the DSCB-approach

Therefore, to reduce the negative environmental
impact in the use phase of products, researchers
in DISB propose that designers by means of the
right design and use of intervention strategies can
influence the user to act in a more sustainable way

(Lilley, 2009).

Behavioural change, change of routines or the
raise of new behaviours can occur when a prod-
uct presents totally new functionality or when
a product offers functions that will simplify the
everyday life of the user (Selvefors, Blindh Ped-
ersen and Rahe, 2011). Behavioural change can
also occur when a product raise awareness of
wasteful resource consumption allowing the user
to react on it.

DfSB is a user centred design (UCD) approach
focusing on minimizing the resource consump-
tion during the use phase of products. In the
industry is the knowledge on behavioural aspects
and different strategies for influencing user behav-
iour generally low, and therefore little effort

CHOOSE IDENTIFY
DESIGN RESOURCE USER WASTEFUL
BREIF CONSUMPTION STUDY RESOURCE
SITUATION CONSUMPTION

IDENTIFY
CHOOSE BEHAVIOURAL IDEA CONCEPT
FOCUS INTERVENTION GENERATION DEVELOPMENT
STRATEGIES

Company Objectives

Business Strategy

| Company Objectives

Portfolio Strategy

Design Strategy

Creative Methods

Evaluation Methods

Fig.2.1: The DSCB design process; described in its six steps. (Selvefors, Blindh Pedersen and Rahe, 2011)
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\ Personalized-feedback [13]

( Cause and effect-feedback [13] Comparative feedback [1] )
Tailored information [1]/ Self monitoring [10]
\ Social validation [3]
Written information [6]/ \ Goal-setting [1] [6]
Oral information [6] \$o Competition [6]
\_ Demonstration [6] A Comittment [3][6] )
: )
Affordance [19] 9. Guilt [13] [6]
/08 4’ & Constraints [19]
Kairos-feedback [16]\ ‘9 &S/ penattes (131161
/ .
Real time-feedback [9]\ L4 / Incentives [13] [6]

Persuasive technology [10]
Scripting/behaviour steering [12] /

Fig 2.2: DSCB intervention methods (Selvefors, Blindh Pedersen and Rahe, 2011)

is put on it in product development. To ease the
application of DISB and intervention strategies
product developers need guidance of which ways
of influencing user behaviour that are effective for
specific purposes and a map over what strategies
are available (Selvefors, Blindh Pedersen and Rahe,
2011). Selvefors, Blindh Pedersen and Rahe (2011)
also suggest a six-step process for how to apply the
DSCB approach efficiently, including the steps
showed in fig 2.1.

Different teams of researchers have presented various
models and versions of intervention strategies, and
here follows brief introductions to some of them.

In an approach called Design for Sustainable Con-
sumer Behaviour Selvefors, Blindh Pedersen and
Rahe (2011) present four groups of interventions:
increase the user’s knowledge, engage the user in a
specific direction, steer and spur the user and create
attention to a specific matter. In this model the strat-
egies are categorised based on how they can evoke
users motivation to decrease the resource consump-
tion (fig. 2.2). The groups of interventions are best
used in different phases of the product use. If the
product usage is divided into four phases as in the
wheel of consumption shown in figure 2.3, the user
has diiferent needs why different types of interven-
tions are more or less suitable to use. As an example
is written information the most effective when used

before the actual consumption of the resource.
(Selvefors, Blindh Pedersen, Rahe, 2011)
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Fig 2.3: The cycle of consumption.
(Selvefors, Blindh Pedersen and Rahe, 2011)

Wever, van Kuijk and Boks (2008) and Lilley
(2009) have divided strategies for design for sus-
tainable behaviour into three different categories:
Eco-feedback, Behaviour Steering/Scripting and
Forced functionality, which are strategies that goes
from being user empowered to being product
empowered. Wever, van Kuijk and Boks (2008)
add a fourth category to these three called Func-
tional matching, which has the aim to just reduce
the negative impact on the users’ actions. This is
not by changing the user behaviour, but by adjust-
ing the function of a product to the user’s old
behaviour to make the outcome more sustainable
than before.



Darby (2000) presents an approach of using feed-
back to change user behaviour, with direct, indirect
or inadvertent feedback. She states that feedback
plays an important role when it comes to energy
consumption awareness and to reduce it. A study of
the use of well-exposed, attractive and user-friendly
displays where energy consumption was shown as
feedback to the user, showed that it led to energy
savings and increased awareness (Darby, 2000).

If a product is not used as the designer intended
and it is instead used in an unsustainable way, and
if furthermore the way the user interacts with the
product is a highly habitual behaviour, it can be
difficult to change it without making any radical
changes in the product (Elias, Dekoninck, Culley,
2007). This especially applies when the products
energy consumption is close to its theoretical
minimum (when used “correctly”), and then
Elias, Dekonick and Culley (2007) suggests to
develop a new product concept that meets the
real need of the user. They refer to this as an
“Old behaviour - New Product” scenario that
can create energy savings without requiring any
major changes in user behaviour. To look at the
theoretical minimum for the energy consumption
of a certain product can help design teams with
several options available and limited resources,
to see whether the effort should be put on
improving the efficiency of the existing product
or to introduce new behaviour changing design

features (Elias, Dekoninck, Culley, 2007).

Based on previous research in the area, Lidman
and Renstrom (2011) have come up with a con-
clusive model of intervention strategies with
five categories. The strategies are in this model
grouped according to what degree the user or the
product is in control of the behavioural change,
from the product motivating the user to the prod-
uct forcing the user, or even matching the existing
behaviour. For the complete collection of DfSB
strategies found in their literature review, see their
Master’s Thesis report How to Design for Sustain-
able Behaviour? (2011). Here follows a descrip-
tion of the categories of intervention strategies:

» Enlighten is when the product raises the
users awareness about their behaviour and its

consequences, hence it relies on the user to
change it. Examples of strategies are feedback,
information and enlighten through interac-
tion and experience.

» Spur is when the product encourages the
user to change behaviour, for instance with
incentives, competition or convenience.

» Steer is more relying on the product than the
user compared to spur — the product is guid-
ing the user to do “the right” thing through
making it the evident choice. Strategies
within steer are for example constraints in
the product and scripting.

» Force is to by the design force the user to
behave in a specific way. It can be done by
functional limitation or habit intervention
by radically changing how the product is
used.

» Match is to adapt the product after current
user behaviour. So it does not imply any
change of behaviour but a more sustainable
outcome of the behaviour by adaption of the
product. (Lidman and Renstrém, 2011)

The DfSB-process should, according to several
researchers, always start with user studies with
the aim to find where in usage of the product the
barriers for sustainable behaviour lie and which
they are. This because sustainable behaviour tends
to occur when the barriers to the action are few
(Selvefors, Blindh Pedersen and Rahe, 2011). The
choice of strategies also depends on what sort of
behaviour that is to be influenced, if it is a habit
or a routine, and what the target user is like.
Several strategies could and should also be used in
the same product to have the largest effectiveness
- erase as many obstacles as possible towards the
sustainable behaviour, making sustainable usage
an effortless and natural behaviour.

2.c. HABITS AND USER
BEHAVIOUR

This section briefly introduces the concept of
habits, for more information about user behav-
iour see appendix I: User Behaviour.
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Habits can be defined as “learned sequences of
acts that have become automatic responses to
specific cues, and are functional in obtaining
certain goals or end-states” (Verplanken, 2004,
in: Tang, 2010). Behaviours do not have to be
habits only because they are frequently repeated;
it is the automaticity that makes the habit (Tang,
2010). The three aspects of habits that make
them strong and difficult to break are frequency,
automaticity and functionality, and people who
have developed strong habits are less likely to
take in new information. This means that it is
important to understand the strength of habits
and to design the interventions for each level of
understanding and awareness. To influence users
to break their habits, two factors are suggested
to consider: the repetition, i.e. how often the
action is repeated, and the reinforcement, i.e. the
strength and frequency of the received positive
reinforcement received. (Tang, 2010)

In table 2.1 definitions of habits can be found.
This table comes from Tang Tang’s doctoral dis-
sertation (2010), and is based on Verplanken’s
work (2004).

Table 2.1:Definition of habits. (Tang, 2010)
Habits

2.3. SUSTAINABILITY IN
PRODUCT DEVELOPMENT

Sustainability often has different meanings to dif-
ferent people and in different contexts, why it is
important to explain how it is defined and why
is it important. To clarify the concept of “sus-
tainability” it can be divided into three dimen-
sions: Economical, Ecological and Social, which
together form a system that should be maintained
in a healthy state for an indefinite time (Lilley,
2009; Oechlberg, Agogino and Beckam, 2009).
Ochlberg, Agogino and Beckman (2009) states
that the ideal would be if engineers and product
developers always aimed for products where all
aspects of sustainability are cared for; ecological,
economical and social - this would be called Sus-
tainable design.

2.3.1. The individual and sustainability

When trying to make products more sustainable
traditionally a lot of effort has been put on the
supply side as for example DFD (design for disas-
sembly), eco-friendly materials and recyclability
(Tang and Bhamra, 2009; Wever, van Kuijk and

Explanation of the feature as opportunities to break

Learned sequences

A certain degree of practice is required for a habit to develop

of acts

Habits have a history of repetition, whether this history is long

and painful or short and easy.

Automatic responses
to specific cues

Habitual acts are instigated as immediate responses to specific
cues. Such cues can be anything ranging from physical objects

to time, geographical features, people, labels or internal cues
like hunger or pain. Automaticity as a feature of habits is broken
down into four possible components, i.e. a process or behav-

iour that:

1. occurs outside awareness

2. is difficult to control (but not impossible)

3. is mentally efficient (one can do other things in parallell), and
4. is unintentional (not so much in the sense of being conscious-
ly planned, but rather in the sense of not being goal directed)

Functional in
obtaining certain

Habits are developed to serve us and make or lives livable. Es-
tablishment and maintenance of behaviour is a central theme.

goals or end-states
forcement

Habits are created and maintained under the influence of rein-

Habits serve some goal
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Boks, 2008). The missing part when only looking
at these approaches is the use phase. Users might
not utilize products as intended by the designer.
There is a risk that they do not use the energy
saving features or they might utilize eco-friendly
technologies in unsustainable ways. Moreover
there might not be any sustainable alternatives
offered by the product. An example is the low-
energy light bulbs, which many people think are
so efficient that they can be on 24 hours a day
without a big impact. This makes them less sus-
tainable than the older versions because of the
unsustainable user behaviour result in higher
total energy consumption (Bhamra, Lilley and
Lofthouse, 2005).

For many products it is well-known that the
major part of environmental impact often is
caused when they are in use (Lockton, Harrison,
and Stanton, 2008; Wever, van Kuijk and Boks,
2008), embodying an important point to tackle
in order to make a difference. A user-centred sus-
tainability approach is therefore to change the
users’ behaviour to be more sustainable. This is
an approach that well complement technological
pro-environmental solutions (Wever, van Kuijk
and Boks, 2008). Elias, Dekonick and Culley
(2007) states: “creating products where the most
intuitive and comfortable way of using and inter-
acting with a product or system is also the most

THE ROGUE

It is FUN to be green

THE
SACRIFICER

Green means sacrifice

Fig 2.4: Eco-archetypes. (The Core Company, 2011)

environmentally friendly”. Here designers have the
position to make a difference by designing prod-
ucts allowing users to lower the environmental
impact during the use phase (Lilley, 2009). What
is needed to achieve this is “cross-fertilization
between sustainable product design research and
human-focused design disciplines like user-centred

design and interaction design” (Wever, van Kuijk
and Boks, 2008).

There are many ways for individuals to contrib-
ute to a sustainable society, and minimizing the
resource consumption is one. Most people have
received the message that saving energy is good
for the environment, but fewer think of their own
household’s energy consumption as such a great
contributor to the negative impact on the envi-
ronment and climate change (Tang and Bhamra,
2008; Darby, 2000).

What drives people to have a sustainable behav-
iour and buy sustainable products can be many
different factors and not only ethical (Persson and
Hemberg, 2010). Research show that many peo-
ple react with guilt and a feeling of hopelessness
when exposed to advertisements involving sus-
tainability, and environmental-friendly products
are by many seen as being more expensive prod-
ucts relative to their quality with the only added
value “to save the environment” implying extra
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costs (Ochlberg Agogino and Beckman, 2009).
Products which gives no other benefits but being
environmental friendly and are sold for a higher
price than the alternatives not promoted as sus-
tainable attract a small group of people; the ones
who are willing to sacrifice (Persson and Hem-
berg, 2010). Whereas there are others who regard
sustainable consumption behaviour as a way to
save money through for instance lowered energy
consumption costs.

Environmental and sustainability issues are pre-
sent in the entire society and most people are in
some way engaged in environmental issues; to
different extent and of various reasons (The Core
Company, 2011). As a designer it is beneficial to
know which attitudes towards sustainability that
the target customers have to be able to in the best
way match their needs in-line with the company’s

values (Ochlberg Agogino and Beckman, 2009).

The Core-company suggests a model based on a
model by The NeedScope. This model of so called
Eco-archetypes has six categories that symbolizes
six kinds of approaches to environmental issues;
The Rogue, 1he Pioneer, The Cynic, The Thinker,
The Sacrificer and The Engaged, see figure 2.4. All
the archetypes are triggered by different kinds of
arguments when it comes to environmental issues,
from wanting to sacrifice all for saving the envi-
ronment, to only care for the environment just
if it results in benefits for oneself. The division
into these six groups is however done by choice
and the Core Company pinpoint that the wheel
in reality is a continuum, where one person can
belong to more than one category. It is important
that the company communicates the arguments
towards the archetype that corresponds to the
brand’s basic personality and towards the sector
where the brand is supposed to be. (Torberger
2009)

2.3.2. Business and sustainability

It is common that companies just adapt their
products to follow sustainability regulations and
laws, and see environmental aspects as something
costly they have to work with. Other acts sustain-
ably only if there is a strong request for it from

their customer. It can also be a wanted image
leading to “green washing”, i.e. companies show-
ing an eco-friendly side towards the customers,
which in reality are mostly empty words. Ecologi-
cal thinking in business does not have to be dif-
ficult and can be a way to lower costs and increase
revenues for companies (Persson and Hemberg,
2010). Nidumolu, Prahalad and Rangaswami
(2009) write on the basis of their research that
sustainability in fact is a key driver of innova-
tion. For companies to have advantages in the
future they should now act with highest possible
sustainability as the goal and develop essential
competencies that will be hard for competitors to
match. (Nidumolu, Prahalad and Rangaswami,

2009).

2H. RESOURCE
CONSUMPTION

The ulterior goal of better product sustainability
is to save resources. Concerning the refrigerator
and the continuous consumption, the resources
to save are primarily related to energy and food
consumption and wastage, which are interrelated.

2.4.1. The big picture

The food industry including production, pro-
cessing, transportation, consumption et cetera
accounts for almost 30 % of global energy con-
sumption. On top of that the food sector pro-
duces more than 20 % of global greenhouse gas
emissions. (UN, 2011) Hence, when wasting
food this accumulated energy is also wasted.
However, there are great differences between the
environmental impacts related to different kinds
of foodstuff. The livestock and animal feed are
great contributors to some of the most severe
environmental problems, and corresponds to 18
% of the impact on climate change caused by
humans. Additionally, it takes 16 times more fos-
sil fuel to produce a certain amount of calories
from beef in conventional food production, com-
pared to the same amount from vegetables and
grains. The water demand for production of 1 kg
of beef is about 13 000-16000 litres, whereas only
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160 litres of water is needed for 1 kg of potatoes.
(Engfeldt, 2009)

These 30 % of global energy consumption com-
ing from the food industry also takes the energy
needed for cold preservation of the food into
account. Keeping in mind that the residential sec-
tor corresponds to additional 11 % of the energy
consumption globally (Verma, 2010) and 25,4 %
in the European Union, with households’ heat-
ing, lighting and appliances, one can understand
that the refrigerator is a large contributor to energy
wastage. Out of the energy consumed by house-
holds, the cold appliances, i.e. refrigerator and
freezer, are responsible for on average 18 % (Tang,

2010).

2.4.2. Food waste

Of all food bought by the households almost a third
is wasted (Modin, 2011). According to Konsument-
foreningen Stockholm’s research (KfS, 2009) more
than half of the wasted food in Sweden is unnec-
essarily wasted, which means that it is wasted even
though it have not gone bad and could have been
eaten. The amount of food wasted per year in Swe-
den equals 910 000 tonnes (Modin, 2011). Young
families and young professionals report higher levels
of waste among socio-demographic groups, the lat-
ter often throw away unprepared food sometimes
not even opened. (Lyndhurst, 2007)

Food waste is commonly not seen as having
such a big negative environmental impact as for
instance their packages, made of plastics or paper.
(Corrado, 2007)

Everyone is not concerned with food waste.
Among the ones who are common reasons to be
bothered can for example be bad feelings of wast-
ing money, throwing away good food and a gen-
eral feeling of guilt. (Lyndhurst, 2007) Some of
the key barriers to sustainable behaviour in food
waste are according to Lyndhurst (2011):

» Lack of concern about food waste.

» Food practice that is unconscious and some-
times even irrational.

» Food practices are often a “sacred space” that
is unquestionable and hard to change even
with rational suggestions.

» Confidence in understanding but lack of real
understanding of food labelling and food

preservation.

Food commonly wasted

Food waste can be divided into edible food and
inedible food like peelings. The edible food waste
consists of pre-prepared (un-processed) food and
post-prepared food (leftovers/meals). The post-
prepared food can be leftovers from a meal on the
plate, or leftovers that has been stored for a time
but then not consumed. There are also leftovers
that are never stored and thrown away because
too much was prepared. (Lyndhurst, 2007) Dif-
ferent sorts of foodstuffs are more or less com-
monly wasted and among edible food is post-pre-
pared food most likely to be thrown away (42 %
of all food wasted) (Quested and Johnson, 2009).
If the inedible foods like fruit peelings are taken
into account, fruits and vegetables are most com-
monly wasted. (Modin, 2011; Lyndhurst, 2007).
According to some studies, dairy products are
also often thrown away. Meat, fish and eggs are
not wasted as often and in as large volumes as
other foodstuffs. However these foodstuffs have
a larger environmental impact (sec. 2.4.1) than
most other foods, why their contribution to the
negative environmental impact is considerable.

(Modin, 2011)

Reasons for food wastage

Different foodstuffs are best stored under differ-
ent conditions, which is something that users have
low awareness of. The specific requirements of
every stored foodstuff are often difficult to meet at
the same time with a normal refrigerator. In their
research Geppert and Stamminger (2010) found
that 10 % of the participants in their study, who set
a specific temperature for their refrigerator, did it
to protect their stored food. The participants chose
to adjust the temperature to be between 8-12°C,
which was probably done due to bad information
or lack of knowledge about right preservation con-
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ditions. (Geppert and Stamminger, 2010). Moreo-
ver, a significant number of the participants in a
study by George et al. (2010) wrongly stated that
they believed the refrigerator’s interior temperature
does not have much impact on how long food lasts.

In a publication by KfS (2009) it is concluded that
unnecessary food waste can be prevented through
better planning of grocery shopping, something
that WRAP (n.d.) also suggests. In their research
George et al. (2010) found that a great number
of the respondents did not check their refrigera-
tor before going grocery shopping, resulting in
buying unneeded food. Grocery stores also play a
great part in food waste through promotions, e.g.
by two for the price of one, and big packs with
lower price, which makes consumers buy more
food than they will consume. (Lyndhurst, 2010)

A large part of food wastage could be prevented if
people knew which of the products in their refrig-
erator that will expire first and used them before
they went off (WRAP, n.d.). According to Lynd-
hurst (2010) one way to change people’s food
preservation behaviour is to in some way help
and encourages people to rely more on their own
judgement and common sense instead of com-
pletely trust date labels. (Lyndhurst, 2011)

As earlier mentioned people can have various rea-
sons for wasting food, and these are common key
drivers discussed in literature:

» Buying too much food, especially fresh/per-
ishable

» Not consuming food with the shortest dura-
g

bility first
» Cooking too much food

» Clearing the shelves when cleaning the
refrigerator

» Fear of eating unhealthy/bad food
» Untasteful cooking

(Lyndhurst, 2007)

2.5. THE REFRIGERATOR

This section gives an introduction to the refrig-
erator and topics related to it important for this
project, but first a brief history of the product.

The first refrigerator cabinets were made in wood
and cooled with ice blocks (Nickles, 2002). In
1923 the two Swedish students Baltzar von Platen
and Carl Munters came up with a solution for how
to use gas and an absorption technique in a refrig-
erator, which could replace the blocks of ice. This
resulted in a patent that later was bought by Elec-
trolux. During the 1920’s Albert Einstein worked
together with the Hungarian physicist Leo Szilard,
a cooperation that resulted in several patents
regarding improvement of Platen-Munters inven-
tions. These patents were also bought by Electrolux
to secure its superior placement on the refrigerator
market. (Sempler, 2005)

In 1925 started the industrial production of the
world’s first practicable refrigerators without ice-
blocks. These were produced by Electrolux in
their factory in Motala, Sweden, and used the
absorption technique.

2.5.1. Technical principle and
construction

On the European market the so called combined
bottom refrigerator with the refrigerator on top of
the freezer is the most common model. This type
is particularly common in central Europe, whereas
full height refrigerator and full height freezers are
more common in the Nordic countries. Refrigera-
tors and freezers can either be free standing or built
in, where the latter is hidden behind the kitchen
cabinet doors. The freestanding model is the most
common, but built-ins are getting more frequently

occurring (Wihlby, 2012).

The basic technical principle of a refrigerator (fig
2.5) is rather simple and has not changed very
much since the 50’s, except from the develop-
ment to be more energy efficient and the addition
of some new functions (Carlberg, 2005; Sempler,
2005). One important change made to improve
the refrigerator sustainability were
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Fig 2.5: Technical principle of a refrigerator with
static condenser.

the prohibition of the toxic coolant gas earlier
used, the CFCs (Freons). Already in 1974 it was
found that the CFCs destroyed the ozone in the
Stratosphere, but not until 1992 the industrial-
ized countries decided to cease the production of
CFSs by 1995 (Diamond, 2005). In 1995 Elec-
trolux had removed all Freon from their refrigera-

tors (Grunewald, 1999).

Principally there are three main types of cold
appliances in use today; the evaporation-conden-
sation type according to the Rankine principle,
the absorption cycle type and the thermo-electric
cooling type by the peltier (Seebeck, Joule) prin-
ciple. (Wahlby, 2012)

The system includes a working fluid, called the
refrigerant, a compressor, an expansion device (a
valve or for domestic refrigerators more commonly
called capillary tube), an evaporator and a heat
exchanger. The refrigerant enters the compressor in
vapour form, where it is compressed. In the con-
denser the high-temperature refrigerant is cooled by
sending away heat to a high-temperature medium,
T, (the exterior air that gets warmed up), and con-

denses to liquid form. When the liquid refrigerant
then enters the expansion device it is expanded and
its pressure and temperature drop. When the refrig-
erant enters the evaporator it is a mix of a liquid and
vapour. In the evaporator it absorbs heat from the
low-temperature medium, T (the refrigerator), and
boils forming vapour again, ready to enter the com-
pressor anew. (Dinger and Kanoglu, 2010)

There are basically two different kinds of con-
densers: dynamic condensers and static condens-
ers. The static condenser is the most used, except
from in the Northern American (NA) market and
it covers a large part of the back of the refrigera-
tor. The dynamic condenser is primarily used in
NA products which usually are larger. It is nor-
mally placed in the bottom of the refrigerator
next to the compressor. The dynamic condenser
is compact and therefore less material is needed.
Since the dynamic condensers are compact they
requires a fan to enhance the heat transfer. The
fan demands additional energy compared to the
static condenser, about 3 W. However, this fan
does not have to run constantly, i.e. it is only
employed when the cooling system operates.
(Viet, 2012)

In most refrigerators the temperature varies verti-
cally. The temperature can differ up to 5 degrees
between the top and the in a full height 180 cm
refrigerator of an older model. The difference is
among other things due to the lower density of
warm air compared to cold and the placement
of the evaporator. In new refrigerators with a
dynamic airflow thanks to internal fans the tem-
perature gradient is normally much smaller or
none at all. (Wihlby, 2012)

When designing refrigerators three relevant
aspects from the users’ viewpoint are the volume,
flexibility and cleanability. Regarding preserving
the food quality and the refrigerators energy efh-
ciency the stability in temperature respectively
effectiveness of the insulation are two influential
factors. The insulation should be as thin as pos-
sible to give the refrigerator an as large inner vol-
ume as possible, but must be thick enough to give
good insulation and stability of the refrigerator.
(Johansson, 2012)
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2.5.2. Materials, recycling and
manufacturing

A refrigerator consists of different materials: plas-
tics, glass and metals. Beside steel, the material
used most (about 8 kg) is the Polyurethane (PUR)
foam used for the insulation. The insulation foam
is injected between the inner liner and the outer
cabinet and glues the walls together as it expands
in the assembly. The foam makes the materi-
als difficult to separate and recycle (Johansson,
2012). Usually high Impact Polystyrene (HIPS)
is used for the liner and the white plastic insets
and details. The transparent plastic boxes for veg-
etables are made of clear Polystyrene (GPPS).
Besides the plastics are glass used for shelves and
(stainless) steel for the external cabinet contribut-
ing about 50 to 60 % of the total weight to the
refrigerator. (Johansson, 2012; Krische, 2012)

Recycled plastics from post-consumer scrap can
get a greyish nuance, which usually is interfering
with wanted white or light colours. If recycled
plastics are intended for application with food
contact, as for instance the inner liner of a refrig-
erator, it has to fulfil the demanding requirements
of EU regulation 282-2008. This is a difficult and
expensive matter also because even if the origin
of containing plastics are all known, some of
them might have taken up foreign matters that
might render them unsuitable for contact with
food. It is also difficult to keep track of the age of
the containing plastics; making it hard to ensure
high quality of the recycled material. A general
problem with plastics is that they are less stable
than for example stainless steel and glass, and lose
their mechanical properties and often get brit-
tle or change colour over time. Remelting aged
plastics does not recover the initial properties as
with metals or glass. When it comes to durabil-
ity over time metal and glass are thus more stable
materials. On the other hand can stainless steel
get bumps and glass can be crushed.

What is important when it comes to choice of
materials are to choose materials that can be recy-
cled, to have as similar materials as possible, i.e.
not a mix of different plastic sorts, and to design
for disassembly.

The general problem with current mixed waste
treatment praxis is that plastic recycling is often
not feasible for cost and quality reasons. When it
comes to refrigerators mainly the steel and cop-
per is recycled. The polyurethane mixed with the
other plastics in the refrigerator is hard to find
usage for and therefore goes to energy recovery.
If the refrigerator contains more valuable materi-
als and components, such as vacuum panels for
the insulation, it might be an idea to put effort
and money on disassembly, recovery and re-use of
these panels. (Krische, 2012)

Difficulties in making refrigerators of more sus-
tainable materials are for example that many
components are bought from suppliers, which
complicate the control of the materials and man-
ufacturing processes applied. The use of recycled
material in the refrigerator is limited because it is
hard to achieve the right quality and looks. Recy-
cled materials are however seen as the best mate-

rial to use if possible since it is cheaper. (Ohlsson,
2012)

All materials in a refrigerator could probably be
sustainable if more effort was put on it and if cost
was not an issue; if the customers were more will-
ing to pay a higher price for a refrigerator made
of only sustainable materials and which is totally
recyclable. (Ohlsson, 2012)

Refrigerators are commonly manufactured in
standardized processes and the efficiency of the
productions lines is high. If a new refrigerator
design differs too much from earlier designs, the
present processes and the existing lines cannot
be used. Machines and tools have to be replaced
and the production lines adapted, which entail
great expenditures for the company. When the
company needs to make major investments that
involve high risks, or the production has to be
outsourced. That is why it is difficult to make
major changes in the design that will reach the
market; the company has to be sure the new
design will pay back to be willing to take the risk.
(Johansson, 2012)
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Fig 2.6: The standard energy label. As an example
can an A+++ refrigerator of 300 | consume 150 kWh/
year , and according to the index an A++ refrigerator
consumes 30 % less energy per year compared to
an A+ labelled refrigerator and 45 % less than an A
labelled appliance.

2.5.3. Energy efficiency and
classification

There are few appliances in the home that con-
sumes energy 24 hours a day 365 days a year.
Refrigerators and freezers are two such products
and account for around one-fifth of domestic
energy consumption and 25% of the average
household bill (Tang and Bhamra, 2009). The
best of modern refrigerators has a declared energy
consumption of less than 0.5 kWh/day, i.e. when

not opened, which is about the same amount
of energy as one or two low energy light bulbs
(Wihlby, 2012). Refrigerators of larger dimensions
consume more energy than smaller ones and thus
the refrigerator should not be larger than the user
actually needs to keep down the energy consump-
tion (Geppert and Stamminger, 2010). However,
the average size of the cold appliances has increased
with on average 15 % between 1995 and 2001
(Tang, 2010) counteracting the total energy efhi-
ciency improvement.

According to the EU-legislation all refrigerators
sold on the European market must have its energy
consumption declared. The declaration is given an
index to show how energy efficient the refrigerator
is. Thanks to the implementation of the European
energy label and minimum standards the energy
consumption of a refrigerator was reduced with
about 29 % between the years 1990 and 2001
(Tang, 2010). The energy efliciency index is con-
stituted by letters, going backwards in alphabetical
order starting from G (fig. 2.6). The more energy
efficient a product is the earlier letter in the alpha-
bet it gets. As the energy efficiency of appliances
increased the scale had to be extended and the sys-
tem was combined with “+”, so today’s best rank-
ing is A+++. Currently A is the lowest approved
rating but from next year on A+ will be the new
lowest approved rating for refrigerators. (Wihlby,
2012) The letter ratings are based on indexes that
are calculated using the volume of the refrigerator
and its energy efficiency.

The test for the classification for energy labelling is a
standardized test, which then is compared to other
products. The test is done in a controlled environ-
ment, which is not comparable with a real usage
situation and has been criticized for not reflecting
the actual energy consumption situation in a nor-
mal domestic context (Karlsson, 2012). The test
does neither include door openings nor placement
of warm or frozen food into the refrigerator, which
makes the results differ a lot from the real life situ-
ation (Tang, 2010). Under the test conditions the
refrigerator is standing closed in a room with an
ambient temperature of 25°C. To be approved as a
refrigerator and pass the tests its interior tempera-
ture has to be adjustable and with a temperature
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Fig 2.7: Simplified LCA for the energy consumption of a refrigerator during irs life time.

of 5°C or 4°C in the energy efficiency respectively
the capacity test. For compartments to be classi-
fied as zero degree zone, or chill compartment, the
test standards demands temperature in the interval
-2°C to +3 °C, and to be a chiller 8-12°C is the
needed temperature interval. (Karlsson, 2012)

2.5.4. Users’ impact on refrigerator
sustainability

Studying the Life Cycle Analysis (LCA) of a refrig-
erator (fig. 2.7), it can be seen that a significant
part of its total energy consumption comes from
the use phase - almost 90 % (ISIS, 2007). Thus
refrigerators just as most electrical products have
a significant environmental impact during the
use phase of the life cycle. The impact is mainly
determined by the user behaviour (Bhamra, Lilley
and Tang 2008). Since most effort in the product
development of refrigerators generally has been put
on improving the energy efficiency the technologies;
the insulation, compressor and fan, the use phase
offers new opportunities of further sustainability
improvements. Moreover, it does not occur to many

users that the refrigerator can be such a high energy
consumer (Elias, Dekonick and Culley, 2007).

A number of studies of user behaviour and sustain-

ability regarding refrigerators can be found in lit-
erature where several interesting points are made.
There are different factors influencing the energy
consumption of refrigerators when they are in use,

and ISIS (2007) have compiled this list:

» The settings of the temperature in the refrigerator
» 'The ambient temperature

» How much/often the refrigerator is loaded

with food
» Frequency/length of door openings
» The ventilation around the refrigerator
» 'The condition of the gasket seals
» Placing warm food in the refrigerator

Regarding loading the refrigerator with warm
food, almost 20 % of consumers in Europe do not
cool down their hot food before putting it into the
refrigerator. This action can lead to an increased
energy consumption of 1,4 kWh/year for a single
household, for calculations see appendix XVII. To
cool down food in the refrigerator with a tempera-
ture of 50°C takes thrice as much energy as cooling
down food with 20°C (ISIS, 2007).

Bhamra, Lilley and Tang (2009) have discovered
that the limited storage space in many kitchens is
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Table 2.2: Examples of findings from different studies on the effects of user behaviour on refrigerators’ energy
consumption. The differences in the results depends amongst other things on the type of refrigerator.(Tang, 2010)

7~

User action with the refrigerator

~

Effect on energy consumption

Door openings

20 door openings 5s each
40 door openings/day

Insertion of food into refrigerator

Inserting food at 50°C in the
refrigerator

Thawing frozen food in the
refrigerator

1°C difference in interior temperature

Ambient temperatre 21-23°C

Ambient temperature 17-20°C

3 % of total electricity use
8 % increase i.e. 2,2 W

50-120 kWh increase of yearly
energy consumption

up to 10 % increase

3 times higher energy consumption
than food at 20°C

Reduction up to 26%

4 9% difference

16% lower than in 25°C

32% lower than in 25°C

y

a common reason for refrigerating products that
not need to be cold preserved. This motivates to
look over the entire food storage system to facili-
tate a more sustainable energy and food consump-
tion/preservation behaviour. In the same study
they have also seen that food hidden at the back
of the refrigerator is a large contributor to unnec-
essary food purchase and food waste. In the same
study it was discovered that most of door open-
ing time is spent on putting food into the fridge
and freezer, and especially when making room for
new items and transferring items between shelves.

More specifically Tang Tang (2010) presents
in her doctoral dissertation an overview of the
effects different user actions and behaviours have
on the refrigerator’s energy consumption accord-
ing to different research communities and refer-
ences. Some examples can be found in table 2.2.

Users can, as can be seen in the table above, save
a significant amount of energy if thawing fro-
zen food in the refrigerator. (Geppert and Stam-
minger 2010) Geppert and Stamminger (2010)

conclude that only 15-25% of the participants in
their study always thawed food in the refrigera-
tor, and about the same percentage never used the
refrigerator for thawing frozen food.

In order to reduce the door opening time and
understand what optimal refrigerator interiors
could be like, several research teams have studied
how users organize foodstuffs in their refrigera-
tors. This is one set of sorting principles presented

by Bhamra, Lilley and Tang (2008):

» Type of food: Foods of similar kinds, like
all dairy products or all vegetables are placed
together.

» Expiring date of food: Foods with a longer
“best before” date and new purchased items
are placed at the far back while foods with
shorter date are in front. Food that expires
soon is also often placed so it is clearly visible
(at eyes height).

» Food packaging: Sealed food and drink and

packages such as ready meals, drink cans and
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food boxes are placed overlapping each other
while open items often are placed on the
bottom shelf so it cannot drip on anything
or be in contact with anything else.

» Who the user is:
Food and drinks that children should be able
to take out themselves are placed clearly vis-
ible and a reachable level for them.

» Weight of items:
Heavy items such as potatoes are placed
at the bottom, for instance in the drawer,
whereas soft and fragile things as vegetables
and fruits are placed on top of items prevent-

ing being squashed.

» Door bins:
The bottom door bin is almost always used
for bottles and milk, which are high and
heavy, the middle bin for small jars and bot-
tles and in the top door bin are varied con-
tents stored.

» Temperature distribution in the refrigerator:
The temperature differs inside the refrigera-
tor and different foodstuffs have different
temperature requirements. Thus things as
minced meat, fresh fish and ham usually is
kept at the back where the low temperature
would freeze and damage vegetables.

Barriers for sustainable user behaviour

In an in-depth refrigerator user study presented
by Bhamra, Lilley and Tang (2009) three possible
main barriers for sustainable user behaviour were
discovered from interviews with users. Below these
three barriers are summarized and explained.

» Lack of information:
Users regard the refrigerator as a convenience
product in modern life, and compared to its
low running costs most users found it more
important to lower the temperature to ensure
the quality of food stored. Nevertheless,
when measuring the temperature inside most
users had the fridge operating on average
5°C higher than recommended. The energy
consciousness was very low, and there was a
lack of user awareness of the link between

personal behaviour with the fridge use and
the direct impact on energy consumption.

» Lack of concern:
In observation of product-in-use many per-
sons left the door open while transferring
items or for quick food preparation.

» Lock in lifestyle:
Users believed that the product is eflicient
enough by itself, thus that their behaviour
has little influence, and there is no need for
a conscious behaviour to improve the overall
energy performance. They can therefore be
fooled by high energy ratings.

(Tang, 2010)

Moreover, in the extensive refrigerator user behav-
iour study Tang (2010) presents in her Ph.D. dis-
sertation it is written that most users have a posi-
tive attitude toward behavioural change in their
refrigerator use patterns, and that the participants
wanted to do the right things in order to reduce
their energy consumption, act pro-environmen-
tally and to save money. At the same time most
people claimed they preferred buying a refrigera-
tor with high energy efficiency rating, even though
more expensive, rather than changing their habits.

2.6. FOOD PRESERVATION

This section explains what cold preservation of food
is. It also gives an introduction to date labellings and
a brief overview of the optimal storage conditions
of different kinds of foodstuff. More details about
appropriate storage conditions for different types of
food can be found in appendix I1I.

2.6.1. Cold preservation of food

In Sweden is cold preservation of food (kylforvar-
ing) per definition storage between 0-8 °C. The
Swedish food agency (Livsmedelsverket) recom-
mends a refrigerator temperature of 4-5 °C. Gen-
erally, the colder a foodstuff is stored, the slower
is the growth of bacteria, mould and yeast fun-
gus. Cold preservation also preserves the taste and
consistency of food better.

(19_ Theory



Inside a refrigerator the temperature usually dif-
fers. How much depends on the kind of refrigera-
tor and how it is designed, and therefore different
foodstuffs are better preserved in different places in
the refrigerator. There are basically four parameters
that determine the durability of food: temperature,
humidity, ethylene gas and handling (KES, n.d.).
For most foods lowering the preservation tempera-
ture leads to prolonged durability, with the excep-
tion of some vegetables and fruits that can suffer
from chilling injuries. Lower temperature slows
down ageing processes and growth of bacteria and
microorganisms. Moreover, a critical factor in cold
preservation of food is to never break the cold chain
from production to consumption in order to not
affect the durability of the food in a negative way.
In order to preserve a good quality of the stored
food, i.e. taste, texture and nutritive content, it
is important to keep the refrigerator temperature
as stable as possible and without any fluctuations
that have negative effects on the surface of the food
(Whilby, 2012). Temperature fluctuations make
especially vegetables give away moisture, leaving a
wet spot in the refrigerator where mould can start

growing (Whilby, 2012).

To preserve the humidity in the food is important,
not only for its freshness, but also for its durabil-
ity. The evaporation rate of the food should be
kept down, and higher relative humidity around
the foods surface slows down the evaporation and
keeps it moisture. Ethylene gas (C H)) affects
some fruits and vegetables. It is a gas produced
by all plant tissue speeding up the ripening. Some
plants give away a lot of ethylene gas, and yet
some are very sensitive to ethylene so the ripen-
ing is speeded up considerably, resulting in the
food going off quickly. Thus it is important to
separate vegetables sensitive to ethylene gas from
the ones producing much ethylene. Finally, the
handling of foodstuffs, the most basic of the four
parameters, is important. Injuries from cuts and
thrusts can reduce the durability remarkably, just
as contact with items that can transfer or expose
the food to different kinds of bacteria and micro-
organisms. (KES, n.d.)

The air inside the refrigerator is generally less
humid than the surrounding air, why foodstuffs

run the risk of drying up in the refrigerator. Mois-
ture given away by for instance vegetables conden-
sates on the inside surfaces of the refrigerator and
is transferred away. When foodstuffs dry out they
might look unappetizing, and therefore be wasted.

2.6.2. Date labelling

There are different kinds of date labelling with
different meaning. The “best before” date indi-
cates how long a product is expected to maintain
satisfying quality if stored as recommended. Thus
it does not say that it is not safe to eat anymore
when the date is passed. The “use by” date on the
other hand, indicates the last day the producer
can guarantee the product is safe to consume

and is frequently used on perishable foodstufs.
(USDA, 2011)

2.6.3. Suitable storage for different
foodstuffs

Different foodstuffs have different demands on
optimal storage conditions. There are different
ways, storage methods, of prolonging the shelf
life of food and thus minimizing avoidable food
waste, and cold preservation is one such method.
Avoidable food waste means food that would not
have had to be waste if handled and stored better.
Most foodstuffs last longer if preserved at a lower
temperature and many foodstuffs can be frozen,
which extends their shelf life considerably. There
are yet some foodstuffs that are best preserved
when stored below room temperature but not as
cold as in the refrigerator.

Fruits and vegetables

Fruit and vegetables generally are optimally
stored in the lowest possible temperature that not
causes chilling damages, since cold preservation
slows down the ageing process. When reaped,
fruits and vegetables do not stop their life pro-
cesses; they slow down but the metabolism and
respiration continues. The respiration is vital for
the durability, since carbons and carbon dioxide
is consumed while water and heat is emitted,
resulting in breaking down the vegetable and its
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nutritive contents when stored. Thus, by slowing
down the respiration the durability will be pro-
longed. This makes refrigeration good for many
sorts of fruits, vegetables and berries, but there
are some kinds, like tomatoes and bananas, which
easily get chilling damages if cold preserved. If
fruits and vegetables are stored too cold so they
got chilling damages they will not necessarily get
bad, their taste and quality will just be lowered.
But the chilling damages can increase the risk of
damages, such as growth of microorganisms.

The loss of water and the emission of ethylene
gas that take place in the refrigerator, cause fruits
and vegetables to deteriorate quicker. Most fruits
and vegetables needs a high amount of humidity
to stay fresh, but are sensitive to condense and
lying in water since that causes growth of micro
organisms. Fruits and vegetables contain 75-90
% water, and the water is necessary for preserving
their consistency, which makes high humidity of
the inside air important. Storing vegetables in half
opened plastic bags or vegetable boxes prevents
both drought and negative effects of ethylene gas,
but can also lead to negative effects of getting too
wet. Ethylene gas, which is emitted by some fruits
and vegetables, speed up their ripeness process.

Animal-based products

Meat, fish, dairy products and eggs are sensitive to
bacteria growth, which causes unpleasant odours
and tastes. The propagation of bacteria is slower

at lower temperatures, so by preserving animal
based products at low temperatures, preferably
right over their freezing point, they will not spoil
as easily. The durability decreases with raised tem-
perature, and minced meat, shrimps and fish are
especially sensitive. Preservation in oxygen free
packages prolongs the durability by minimizing
the water losses.

Other products

Leftovers, just as animal product, are preferably
stored as cold as allowed in the refrigerator to last
longer. When post-prepared food is going off it
is usually because of mould fungus - Penicillium.
The durability can be considerably increased by
shorten its time in room temperature and chill-
ing it quickly. Cooking fat and nuts are optimally
preserved in a dark and cool place whit low expo-
sure to oxygen to prevent go rancid. Dry groceries
are preferably stored in dark, dry and cool places,
and soft bread should be stored at room tempera-
ture or frozen to stay fresh longer. If placed in the
refrigerator the bread will deteriorate faster. Cans,
bottles and jars with drinks, jam and sauces does
not generally have to be refrigerated until opened,
and then the warmer places in the refrigerator
usually is cold enough. Temperature for storage
and the durability depends on what amount of
sugar and preservatives it contains. When going
of it is usually because of mould. (Modin and

Lindblad, 2010)
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3. Method

In this chapter the methods and tools used in
the project are described. The methods are
organized according to in which phase of the
project they primarily were used and what the
outcome of the method or tool was. Apart from
the described methods so called interaction
sequences were used, which the project team
come up with themselves. The interaction
sequences were used to structure and specify
scenarios in a timeline like format (sec.5.2.2).

3.1. PLANNING AND
STRUCTURING

The planning and structuring methods were used
throughout the project time line, but mainly in
the early stages.

3.1.1. Gantt chart

Gantt charts are used when planning projects to
visualize when different activities/parts of the pro-
ject will start and finish. Each of the activities that
will occur during the project is written on the right
side of a chart and underneath the chart are the
dates/weeks/months written. For each activity
thick lines are drawn from where they will start to
where they are supposed to be finished. The activ-
ity-lines sometimes run in parallel and helps out
when planning the amount of work to do in each
period of the project. The Gantt chart gives a good
overview of a project that is simple to read and to
communicate to others. (Maylor, 2010)

3.1.2. Mind maps

Mind mapping is a note-making tool combin-
ing visual and verbal thinking. It has a central
word/picture describing the subject and radiating
branches with related and/or relevant details or
descriptions. Mind maps are useful in quick asso-
ciative thinking, or when a group of people shall
develop a shared vision. Its format allows show-
ing relations and dependencies between words
and provides a clear overview of the subject with
a merge of variety of information. There should
be no loops or unconnected branches in a mind
map and the words should be written along the
branches and not in boxes. (Stappers, 2005)

3.2. DATA COLLECTION

The data collection methods were foremost used
in the research phase and during the user study,
but also for complementary data collection dur-
ing the entire project.

3.2.1. Interviews

Interviews are used for example to find the atti-
tudes and opinions of users of a product. Inter-
views can be structured or un-structured. The first
mentioned is totally structured when it comes to
questions, time and order and the second is free
in its character. The structured interview is fast
and simple with the opportunity to get a quanti-
tative result, while the advantage of the unstruc-
tured interview is the possibility to reach deeper
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into the questions and to get better quality of the
result. (Karlsson, 2007)

3.2.2. Survey

A survey is an indirect interview method where
answers are collected from customers and users
or other interests with a questionnaire. This
method is mainly used to get quantitative data
from a great amount of people, to get informa-
tion from people who are difficult to reach with
other means than mail or email et cetera, or to
validate information collected from interviews.
(Karlsson, 2007)

3.2.3. Context mapping

Peoples’ experiences - what they know, feel and
dream - are generally determined by tacit or latent
knowledge, which is very difficult to express in
words. Generative techniques are used to stepwise
reach such knowledge in the users to build a better
understanding. The basic principle behind genera-
tive techniques is to let people make things related
to the topic that is explored and then let them tell a
story about what they have made. (Fig. 3.1)

Sensitizing booklet

A suitable way to access insights about peoples’
feelings, attitudes, experiences and needs is to

take small steps into deeper levels of knowledge
(Sleeswijk, Visser, Strappers, van der Lugt, 2007).
Therefore participants in a context mapping study
need to be sensitized before coming together in
a generative session. This can be done by send-
ing out sensitizing workbooks to the participants
of the study about a week prior the session. The
purpose of the sensitizing process is to enhance
the quality and quantity of the results of the fol-
lowing generative session, and it should feel fun
and professional at the same time. The workbook
should include assignments allowing the partici-
pants to have time and freedom for self-reflection
and become aware of their feelings, concerns and
behaviours related to the subject. By doing the
assignments in the real context they can feel more
free and relaxed and easier bring their feelings
and knowledge to the surface. The workbook can
include open-ended questions, things to draw,
stickers to place and so on. It is important that
the workbook become personal to the owner and
that there is space for impromptu comments;
there should be room to surprise the researchers.
The workbook can be disposed as a dairy with a
task for each day to keep the participants con-
tinually reflecting. The subject of the sensitizing
book should be the same as of the session but
can be broader. (Sleeswijk, Visser, Strappers, van
der Lugt, 2007) By collecting and analysing the
workbooks prior the session also the moderators
can be sensitized and better prepared.

What people: Techniques: Knowledge:
Interviews
say
think
observations Josenvable
do
se generative / tacit \
o sessions
feel / latent \
dream

Fig 3.1: A model of how to reach people’s knowledge and experiences on different levels.
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Generative Session

A generative session is a group session where the
participants make and say thing to reach deep
insight about them on a chosen topic. The gen-
erative session can be combined with group dis-
cussions to reach more insights. In the generative
assignments the participants are asked to organize
expressive components; pictures, words or simi-
lar, to create an artefact which they then describe.
The components should be ambiguous so they
can be used and interpreted, and the resulting
artefacts can be drawings, collages, story lines,
maps or models. Group sessions generate much
information since the participants can respond to
each other’s contributions. A group of four to six
participants are good, and a length of about two
hours is recommended. The sensitizing workbook
can be used as a part of the group discussion and
be referred to during the session. It should be ana-
lysed together with the session. The general layout
of a generative session should be first a warm-up
exercise, and then use of the generative technique
followed by the group discussion. The session
participants must feel that they are the experts on
their experiences of the subject. (Sleeswijk, Visser,
Strappers, van der Lugt, 2007)

3.2.4. Observation — self observation

Observation methods are used when studying
users’ behaviours and usage of products. Obser-
vations make it possible to get to know how the
users actually use the product and where poten-
tial problems in the usage are. Observation meth-
ods can be divided into three different groups;
direct observation, participating observation and
self-observation. The self-observation is when the
user writes for example a diary of his/her actions
while using a product. Compared to interviews
observations are good because they eliminate the
eventual effect of the user consciously or uncon-
sciously being steered by the interviewer. On the
other hand writing the diary for self-observation
might lead to that the user change his/her way of
behaving in the examined topic. (Karlsson, 2007)

3.3. ANALYSIS

The analysis methods were applied in the analysis
phase to filter, structure and understand the col-
lected data and information to make it useful for
the idea generation.

3.3.1. Function analysis

A function analysis is made to specify the intent
of a product and to support the finding of how it
can be met. Firstly the main function is defined
- the reason of the product’s existence. Thereaf-
ter are the part functions defined; the functions
needed for the main function to be met. Thirdly
the supportive functions are defined. These do
not need to be met for the main function to be
fulfilled, but they still give an important contri-
bution. The functions can be arranged hierarchi-
cally with the main function in the middle, where
a movement upwards gives the answer to why the
functions should be fulfilled and a movement
down explains sow. (Osterlin, 2003)

3.3.2. Persona

To create and communicate a common view on
how the target users act and think a fictive charac-
ter, a persona, can be made up. This persona can be
of help in the idea generation —~how the user wants
the product to be, or for evaluation —what the user
thinks of the proposed solution. (Karlsson, 2007)

3.3.3. PrEmo

People are generally very good at interpreting
emotions and facial and bodily expressions, but
not as good at expressing them verbally. PrEmo is
a non-verbal self-report tool that is used to meas-
ure emotions that often are elicited by products.
The toolkit consists of 14 figures expressing dif-
ferent emotions, seven are pleasant (desire, pleas-
ant surprise, inspiration, amusement, admiration,
satisfaction, fascination), and seven are unpleas-
ant (indignation, contempt, disgust, unpleasant
surprise, dissatisfaction, disappointment and
boredom). (Desmet, 2003)
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There is a scoring system as a part of the PrEmo
tool, but in this project the figures were used
alone without ratings.

3.3.4. Mood board

A mood board is a collection of images that rep-
resents for example an atmosphere, expressions,
attributes and environments typical of the moods
and values of the target group. An image board,
a collage, can also be done to show typical details
and wanted colours of the product in focus. The
images can be used as inspiration and to steer
the product development in the right direction.
(Osterlin, 2003)

3.3.5. PESTED-analysis

PESTED stands for Political, Economic, Soci-
etal, Technological, Ecologic and Demographic,
and is a method or a checklist for exploring fac-
tors shaping the future. These factors are driving
forces on a macro level and do not yet have a pre-

set direction. (van der Lugt, 2004 p. 193)

3.3.6. Future scenarios

A future scenario is defined as “...a set of sys-
tematically developed and internally consistent -
possible but not necessarily probable - images of
future situations, developments or occurrences.”
(Van der Duin, 2002 cited in van der Lugt, 2004,
p 190). Scenario making have primarily three
functions: cognitive, communicative and creative.
The cognitive function is to propose possible
images of the future to trigger the receiver of the
information. The future scenarios’ communica-
tive function is to create a shared mental model
and to stimulate conversation, not in order to
reach a consensus agreement but to understand
different views and opinion on the subject. The
creative function is to stimulate the exploration
of the range of possibilities, and help to generate
future concepts. (van der Lugt, 2004)

The construction of future scenarios follows a
specific process; first the research is framed and
the driving forces are analysed. Thereafter the

main drivers are decided on and a scenario matrix
is constructed so that possible scenarios can be
built and fleshed out to picture the future states
in lively ways. The four scenarios are then expe-
rienced in order to be useful for their initial pur-
pose, whereupon the consequences for the prod-
uct development can be interpreted. The scenario
learning is not about choosing one scenario, but
exploring forces that can determine future situa-
tions possible to affect the product under devel-
opment. It is used to set a frame of mind and
explore possible directions. (van der Lugt, 2004)

3.3.7. Brand eye

A brand eye is a method of deriving a coherent rep-
resentation of a brand. It consists of images and
words expressing the brand identity, the core val-
ues and the brand essence. It can be used to explore
the brands values and establish a deeper notion of
the brand. A brand eye consists of three layers, in
the middle the Brand Essence - the brands ambi-
tion - should be stated, the second layer should
represent the Brand Values with words and visuals
and the third outer layer should be constituted by
the brands Characteristics - important attributes
of the brand and its products. By finding images
representing the terms describing the brand, which
often are abstract or can be interpreted in multiple
ways, it helps to emotionally relate to the terms
and it can be found inspiring. (Stompft, 2008)

3.3.8. KJ-analysis

KJ-analysis is used when an overview of a big
amount of collected data is needed. The collected
data is written down on post-its and each statement
should be written on one paper. All post-its are then
placed together on a big board where the post-its
related to each other are grouped. The post-its will
in this way create thematic groups and sub-groups.
This grouped data can later on be formulated as

demands for the future product. (Karlsson, 2007)

3.3.9. Wordle

A Wordle is a way to visualize a sum of words
collected into a “word cloud”, where the words
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appear larger the more frequently they are men-
tioned. The Wordle can be made using a service
on Internet. (Feinberg, 2011)

34. IDEA GENERATION

The following methods were used in the ideation
and concept generation.

3.4.1. Brain storming

Brainstorming is an idea generation method
aiming to make the participants come up with
as large amount of ideas as possible. These ideas
should have a great variance in type and it is good
if some of them are a bit “wild”. To come up with
as great quantity of ideas as possible no criticism
is allowed during a brainstorming session but the
participants are allowed to further develop the
ideas from the other participants. (Osterlin 2003)

3.4.2. Brain writing

This is a method similar to Brainstorming, but
instead the participants sit one by one and docu-
ment their ideas. Thus canalization of all the ideas
can be avoided. After 5-15 minutes, or when the
creativity is slowing down, the ideas are shared for
inspiration before continuing. The ideas of one
group member can also be passed on to be further
developed by another participant of the Brain writ-
ing session. Brain writing is also a suitable method
to save and for the moment let go of earlier ideas to
find new creative input.(Osterlin, 2003)

3.4.3. Morphological matrix

Morphological matrix is a tool used to generate
ideas for part solutions, which in different ways
can be combined, to total solutions (Johannesson,
Persson and Pettersson, 2004). Different categories
or part functions are listed vertically in the matrix
to the left, and the solution alternatives are filled
in as either sketches and/or descriptive words hori-
zontally. When all part solutions are generated and
the matrix is filled, the ideas can be combined into
different total solution alternatives.

3.4.4. Sketches

Sketches and two-dimensional renderings are
suitable to relatively quick and easy generate,
communicate or document ideas. They can also
be photorealistic to present a final concept

There are different kinds of two-dimensional
images with different detail levels with differ-
ent purposes. Idea sketches are small, quick and
sketchy to show thoughts and ideas. Design
sketches are showing more explicit design alter-
natives, preferably with size references or usage
examples. Drawings or drafis are technical visu-
alizations with measurements, different views and
maybe manufacturing details. Seczions show cross
sections of details, explode views displays how
parts fit together and are related to each other’s
and eventual hidden parts. Finally renderings are
very detailed and realistic presentation visualiza-
tions often used to sell in a product or concept.

(Osterlin 2003)

3.4.5. Strategy cards from Brains
Behaviour and Design

A group of graduate students at IIT Institute
of Design, Chicago, has found ways to connect
cognitive psychology and behavioural economics
to the design process. The group, which is called
Brains, Behaviour ¢ Design, has created tools like
for example szrategy cards and reference cards. The
deck of cards, which can be downloaded at the
their homepage, provides a guide to behavioural
economics concepts and different strategies for
how to change user behaviour. These cards can
be of help in brainstorming and inspire to find
design solutions for behavioural change. (Brains,
Behaviour and Design, 2011)

3.5. EVALUATION
METHODS

To test the feasibility of ideas, functions and total
concepts, as well as selecting concept and func-
tions the methods described below were used.
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3.5.1. Matrix Evaluation

The ideas that are to be evaluated are placed along
one axis of a matrix and the criteria of evaluation,
requirements or demands on the other axis. The
ideas are then given points for how well they fulfil
the criteria. The sum of the points given to each idea
can then be used for comparison. (Osterlin, 2003)

3.5.2. Hierarchical Task Analysis (HTA)

HTA is a method used to break down a task into
sub tasks, for example connected to a product.
An HTA offers an overview of products different
functions and relations. Firstly the user’s main
goal is identified and then is this goal broken
down into part goals that are again are broken
down in part goals forming a hierarchy of goals
and operations. (Bligird, 2008)

3.5.3. Cognitive Walkthrough (CW)

A CW is can be done after an HTA, performed
on the lowest steps of the HTA. CW is a method
used to evaluate the usability of for example a
product and to simulate the user’s cognitive pro-
cesses. In a CW the investigator asks four ques-
tions: “Will the user try to reach the right effect?”,
“Will the user note that the right action is avail-
able?”, “Will the user associate the correct action
with the right effect?” and “If the correct action
is performed will the user understand that the
action has led him/her closer to the goal?”. The
investigator can through these questions investi-
gate both if the user probably understand what to
do and how it is done and if the user is likely to
get enough feedback when performing an action.
If any of the questions is answered with a “no” the
investigator reflects over the underlying problems
which forms a base for a further development of

the product. (Jordan, 1998; Bligird, 2008)

3.5.4. Predictive Human Error
Analysis (PHEA)

CW and PHEA are two methods that complement
each other and advantageously can be used in paral-

lel after an HTA has been done. By using a PHEA

the possible operational errors that might occur in
the interaction with the product can be examined
and their consequences investigated. PHEA is about
answering the questions: “What might the user
do wrong?” and “What will happen if the user act
wrongly?” The investigator has to imagine the user’s
situation and the more innovative and imaginative
the investigator is the more possible operational
errors can be detected. (Bligird, 2008)

3.5.5. Focus group
A focus group is a group of people gathered with

the purpose to discuss a certain matter. The topic
discussed could for example be the user’s experi-
ence of using a particular product, their require-
ments for a new product and attitudes towards a
brand. The group is led by a moderator that has
rather loosely structured pre-set questions and who
make sure that all participants have a chance to
voice their opinion and to stimulate the dialogue
and interaction between them. The strength (but
also the risk) of using this method is what one
person says might initiate the others to make new
associations. (Jordan, 1998; Karlsson, 2007)

3.5.6. Sketch models

A sketch model is a model of the product made
in the early stages of the product development,
made for internal evaluation and not for final
presentation. This model is of a material and con-
struction that is cheap and can be easy changed/
modified. Making a sketch model or “mock-up”
(sketch model scale 1:1) is a cheap way of evalu-
ating and testing technical principles, building
structure, ergonomics, usage, size, shape and pro-
portions. (Wikstrom, 2008)

3.5.7. Computer aided design (CAD)

Computer aided design (CAD) is to by means
of a software build three-dimensional models
in the computer. CAD can be used for various
purposes: form development, evaluation of form,
colours, material, or preparing for manufacturing
and above all for visualization. It is a comparably
quick and easy way of displaying exploring views
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and different variations of a product, but can also
generate precise files for construction with exact
measurements and tolerances. There are different
CAD programs that are more or less suitable for
different purposes. (Osterlin, 2003)
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4. Project Process

The project has been performed in three
partly overlapping and iterative main phases
(fig. 4.1), which can be seen in the Gantt
charts (appendix V). The first phase was
the research phase, the second the analysis
phase and the third the development phase
- the idea generation and concept develop-
ment. In addition there has been continuous
writing on the report along the entire project
process. The project has more or less fol-
lowed the process of Design for Sustainable
Consumer Behaviour (DSCB) suggested

project phase 1 project phase 2

by Selvefors, Blindh Pedersen and Rahe
(2011), presented in section 2.1. The DSCB
process is divided into six steps: 1. Choice
of product or resource consumption situa-
tion, 2. Investigation of user actions through
an in-depth user study, 3. Identification of
wasteful resource consumption, 4. Choice
of focus and target behaviour, 5. Identifica-
tion of suitable intervention approaches, 6.
Development of product innovations through
the use of intervention triggers, followed by
continued development.

project phase 3

) user _ CJ " |dea ! :J Mpt , final |
E Jfzdlsy study =S D generahon development concept | |
D concepts
problem
areas
Methods:
Gannt chart Survey PESTED-analysis  Brainstorming Matrix evaluation
Mind maps Context mapping Future scenarios ~ Brain writing HTA
Interviews Self-observation  Brand eye Morphological matrix CW
Function analysis KJ-analysis Sketches PHEA
Persona Wordle Strategy cards Focus group
PrEmo Sketch models
Mood board CAD

Fig 4.1: The project process with examples of methods used in each phase.
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1. FIRST PHASE -
RESEARCH

The project was initialized with a thorough pre-
study including literature reviews and studies of
material provided by Electrolux. In this phase,
step 1 in the DSCB process was performed.
During this first phase the project team stud-
ied foremost the field of Design for Sustainable
Behaviour, articles and studies on the use phase of
refrigerators, refrigerator technologies and energy
consumption, food waste, the Electrolux brand
et cetera. Most of these findings can be found in
Chapter 2. Meetings and discussions with experts
in different relevant fields and study visits to fac-
tories and showrooms were done. Another major
part in this phase was the preparations and set
up for the user study (methods sec. 3.2.2-3.2.4).
During this phase the project team made sev-
eral mind-maps (method 3.1.2) and other visual
charts of related and associated words to organ-
ize information and establish an understanding
of concepts, as for example what premium means
and why people do not have a sustainable behav-
iour with refrigerators. Some of these mind-maps

can be found in appendix V.

4.2. SECOND PHASE -
ANALYSIS

In phase two the collected data from phase one
was analysed, the user and context studies - the
context mapping - was performed (Chapter 6)
and future scenarios and a persona developed
(method 3.3.6 and 3.3.2). The second, third and
partly fourth step in the DSCB process were per-
formed in this phase.

The user study consisted of first an online survey
then a sensitizing booklet with a self-observation
dairy for one week, distributed to five persons
selected to represent the persona, followed up by
and finalized with a generative session. The func-
tion of the current refrigerator was studied result-
ing in a function analysis tree (method 3.3.1).
The brand was analysed by doing a brand eye

(method 3.3.7) and by reading about Electrolux
and discussing the brand with people in-house.
A need and demand list was created at the end of
this phase, and the main problem groups - areas
of improvement - and barriers to a sustainable
behaviour were specified.

4 3. THIRD PHASE -
DEVELOPMENT

In the third phase of the project the two last steps
of the DSCB process were performed. The third
phase was the most extensive, why it was divided
in two parts.

4.3.1. Concept development

In phase three the idea generation took place
based on the analysed data. The idea genera-
tion started already in phase two with series of
brainstorming and brain writing sessions (meth-
ods 3.4.1 and 3.4.2). The idea generation and
concept development continued with sketch-
ing (method 3.4.4), and discussions and idea-
tion workshops were held with people working
at different departments at Electrolux. The first
widespread ideas were after evaluations and fur-
ther development more specified and formed into
three concepts (sec. 8.2) with different focuses
and some additional value-adding features and
characteristics that could be implemented in any
of the concepts. After presentations of these three
concepts at the Electrolux Industrial Design Cen-
tres in Porcia and Stockholm, the feedback was
considered and the concepts evaluated (method
3.5.1) before a direction for the final concept was
chosen (sec. 8.4).

4.3.2. Final concept and evaluation

The chosen direction for the final concept under-
went a thorough development process (sec. 8.5)
initialized with complementary research; infor-
mation gathered from for instance study visits
and meetings with experts. The final development
had a focus on the user behaviour and the interac-
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tion with the product, but also the aesthetics and
choice of materials, the technology and its place-
ment et cetera was considered. A sketch model
(method 3.5.6) was built to test dimensions and
the handling, sketching and computer modelling
(method 3.4.4 and 3.5.6) were done to develop
the form and details. Another idea generation
workshop about the chosen concept was held
with two Australian designers. After the iterative
development process into a more detailed level
the concept was finalized (Chapter 9) and evalu-
ated in different ways (Chapter 10). Evaluation
methods used, apart from the sketch modelling,
were for example a user acceptance test in a focus
group with participants from the context map-
ping study, CAD and a Cognitive Walk-through
(method 3.5.1-3.5.5, 3.5.7). Finally the final con-

cept was presented and the project completed.
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5. Pre-study

The pre-study consisted of, apart from the
extensive user study described in Chapter 6,
analysis of several influencing aspects; the
refrigerator, the context of use, the market
and the Electrolux brand, the target user and
the future. This chapter presents important
findings from the pre-study. Sustainability
has not been designated a section of its own
in this chapter, instead it imbues every part
of the analysis phase.

5.1 ANALYSIS OF THE
REFRIGERATOR

The function and meaning of current refrigerators
were studied and analysed in order to form a basis
and understanding prior the development of new
concepts. An issue with refrigerators is that they
are rather big investments and products people
keep for a long time - normally until they break
down. That is often for too long in order for the
energy efficiency to be as high as when it was new.

5.1.1. Function analysis

Since the entire situation and concept of cold
preservation of food was taken into considera-
tion, except the freezer and not only the refrig-
erator as a single product, it was important to
form an understanding of the purpose and basic
function of the refrigerator. This to include the
functionality of the traditional refrigerator and to
help meeting the needs behind those functions

in a new product concept. The function analysis
shows the main function - to preserve foodstuffs
- and necessary respectively desired part and sup-
portive functions (fig. 5.1).

5.1.2. The role of the refrigerator

When buying a new refrigerator function often
comes first. After all, buying a refrigerator is quite
an investment and people tend to fall back on safe
choices when choosing which one to buy since it
is a very traditional product. This makes it impor-
tant that the basic functions and features identi-
fied in the function analysis are met. Compared
to a dishwasher people can make the washing up
themselves but they cannot cool down food in
the summer by themselves without a refrigera-
tor. Kitchen trends changes from year to year the
refrigerator market is slower and less trend sensi-
tive.

The refrigerator has through the years changed is
“personality”. In 1935 the Coldspot refrigerator
designed by Ramond Loewy made a great impact
in the design and conception of the product; from
being bulky, dark and non attractive to something
simple, functional and attractive for the users. It
had aluminium shelves to prevent rusting and a
door that could easily be opened even though the
user had the arms full of groceries and less noisy.
It was advertised as: luxurious, modern, conveni-
ent and arrestingly beautiful. The Coldspot was a
great success and sold more than 400 000 in two
years. (Von Atta, 1986; Anon., 2007)

Pre-stud
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Function Analysis

main function
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Fig 5.1: Function analysis. The main function is as can be seen to preserve foodstuffs.
Pre-study
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Thus the refrigerator was changed from in the
beginning being a luxury product only used by
wealthy families, to become an essential and
standard product of the modern home and was
used by housewives. As the society changed, femi-
nism for example, the refrigerator went to be used
by more and more people and is now a product
which is used by everyone and rather anonymous
in its appearance. The refrigerator has now had
this meaning for a long time, and maybe it is
time for a new change? For theory about product
attachment, design for emotions et cetera, please
see appendix II.

Another relevant point from a sustainability per-
spective based on the literature review is that,
referring to section 2.4.1 and the fact the refrig-
erators consume energy and food production
involve major energy consumption, a significant
amount energy can be saved if not wasting the
food stored in the energy consuming refrigera-
tor. Thus by strengthen the role of the refrigerator
in a way making the user take better care of and
understand the value of food, much energy and
resources can be saved.

5.2. THE CONTEXT OF USE

As described in section 2.5.4 peoples’ behaviour
are very context dependent. Therefore it is crucial
to understand and study the context of refrigera-
tor use. A food flow chart was done to visualize
the foods way from entering the household to
ending up in the trash bin. To structure the refrig-
erator interaction a number of and actions lines,
interaction sequences (sec. 5.2.2), were made.

5.2.1. Lifestyles and cultural
differences

The refrigerator is used in almost every household
in everyday-life as well as for special occasions.
Different cultures and lifestyles affect what kind
of and how much foods that are stored, however
refrigerators look more or less the same every-
where but the interior varies globally. The concept
of food and dining has a very strong linkage to

culture. Therefore the demands and expectations
on refrigerators vary between different countries.
Not only culture but also personal preferences and
climate differences are related to what users of dif-
ferent parts of the world expect from their refrig-
erator. This because the durability of foodstufls,
what people eat and the energy consumption of
the refrigerator depend on the temperature where
it is placed. For instance in southern countries
with a warmer climate or where the tap water is
not drinkable, a lot more bottles of drinks has to
be stored compared to in Sweden. In those coun-
tries they normally do not have the possibility to
put the bottles outside to be chilled because of the
climate. There are also often non-eatable things
stored in the refrigerator. This makes it not only a
food preservation product but hence also storage
place (see the function analysis in sec. 5.1.1).

On top of the cultural differences come food trends
and different diets making people wanting to store
for instance extraordinary large amounts of fresh
vegetables in their refrigerators, or not wanted
space in the refrigerators customized for meat.
Food is also associated with income and status as
well as priorities in life and what is trendy. A refrig-
erator can speak tonnes about the owner’s lifestyle,
their approach to healthy eating, shopping habits,
and daily routines and how they arrange their lei-
sure time (Tang, 2010). So in one sense it is strange
that such an important appliance as the refrigerator
is not treated with more respect and more highly
esteemed than it is by most people.

It is getting more common to do grocery shopping
more frequently and buying less at a time, especially
if living in the city and close to a supermarket. The
living space is limited in urban areas and thus also
the storage space for food. How many meals a day
that are eaten and prepared at home, how many
people living together and the food shopping fre-
quency are consequently some of the determining
factors of what kind of refrigerator is needed. On
top of that comes the attitude towards sustainabil-
ity and knowledge level concerning sustainability
effects of food preservation and food storage in to
consideration. For more details on users’ attitudes
towards their refrigerators and sustainability, see
section 6.4.3 Context mapping findings.
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The refrigerator-user interaction cycle
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Fig 5.2:This model over different usage situations are based on a model presented by T. Tang (2010). Depending
on the situation and the user’s intentions, different time spans and different occurences in the context can be
influential and relevant, and this model can help structuring the thinking and what to consider in the product

development.
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Fig 5.3: “24 h with the fridge”. An interaction sequance with connection to the mindset and status of the user.
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5.2.2. Usage situations

Children, elderly, men and women - every mem-
ber of the household - use the refrigerator on
daily basis. It might be the household product
that is mostly interacted with by all members of
the household and no introduction how it should
be used is given, and should not be needed. The
refrigerator interaction and the use phase can be
looked at through different lenses, at different
levels; on one hand there is the impact over the
entire time span of the use phase, from point of
sale until disposal. On the other hand particu-
lar single activities such as the interaction when
preparing dinner can be looked at. The choice of
strategies and the kind of solutions depend on
the level of the focus in interaction. In figure 5.2
the user-refrigerator interaction can be seen. The
figure is based on an overview of the three stages
(before use, use and after use) were the refrigera-
tor interaction has environmental consequences
made by Tang and Bahmra (2009) for an obser-
vation study presented in the article Understand-
ing Consumer Behaviour to reduce environmental
impact through sustainable product design.

Interaction sequences

Problematic events, in the interaction with the
refrigerator from a sustainable user behaviour
point of view and the reasons behind them can be
seen in the interaction sequences. A general inter-
action sequence shows the hypothetical standard
interaction with the refrigerator during 24 h (fig.
5.3). The graph and the faces shown under the
interaction sequence visualize the user’s ability of
decision-making respectively mind-set during the
24 h interaction sequence. The graph and mind-
set mapping were made based on findings from
the literature review and the project team’s experi-
ence and assumptions. The aim was to find pos-
sible problems and barriers to sustainable behav-
iour, and the outcome was partly validated by the
participants of the user study, see section 6.3.3
More specified interaction sequences taken from
the 24 h interaction sequence, as for example
grocery shopping, dinner and quick meal can be

found in appendix VI.

5.2.3. The kitchen environment

Refrigerators are in most commonly placed in
the kitchen, why the kitchen environment was
important to consider when developing a new
refrigerator. It is not only the visual appearance
that has to fit with the kitchen design; dimen-
sions, ways of openings etc. are also depending
on kitchen layouts. Moreover, the kitchen envi-
ronment can have an impact on the sustainability
of the resource consumption associated with the
refrigerator. The kitchen plan affects the number
of door openings for transferring items between
the refrigerator and the unpacking place or the
dinner table. If there is a surface for loading and
unloading nearby, the length of openings can be
reduced. The placement of the refrigerator can
also influence the energy demand, for instance if
it is placed next to a heat source like the oven.

It is not only the logistics in the kitchen and the
process the food and refrigerator is a part of that
should work smoothly, the refrigerator also has
to look good and fit into the environment where
it should be for next coming years. That is the
reason why the project team looked into kitchen
interiors and kitchen trends in order to find out
about the appearance of the context.

Food Flow

In the kitchen food flow chart the ways food is
transported in the kitchen, which was investigated
and mapped by the project team, is presented in
figure 5.4. The food flow figure shows the total
amount of food entering and exiting the house-
hold, where foodstuffs are stored or processed and
where the transistions from hot to cold take place
in the kitchen.

Kitchen trends

After having visited premium kitchen resellers,
furniture fairs and performed a kitchen trend
forecast on the Internet, the image board in fig-
ure 5.5 concluding the project team’s impressions
were put together. The final concept was not sup-
posed to be trend sensitive but fit into a high-end
kitchen environment for a long period of time.
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Fig 5.4: The food flow in the kitchen and a description of it below. Most of the wasted food comes directly
from the refrigerator or from the dining table.

[ a. Food is bought, transported to the household and stored in the freezer (2), refrigerator (1) and in room
temperature (5), or is directly prepared. A ratio of these foodstuffs is later placed in the trash bin directly from
storage before it has even been used.

Problem: Some foodstuff is wrongly preserved and goes off quicker than necissary.
Underlying reason: Lack of knowledge of how to preserve foodstuff optimally, convinience, miss-placed by accident.

b. When cooking, foodstuff are taken out from the freezer (2), sometimes thawed in the refrigerator (1), in the
microwave oven (6), in room temperature (4) and sometimes it goes directly to the oven or stove (3).

Problem: Additional energy is consumed when cooking frozen foods directly on the stove or in the oven.
Energy can “be saved” if frozen foodstuff is thawed in the refrigerator instead of in room temperature, in
the microwave or in the oven or stove.

Underlying reason: Time-pressure, laziness and planning issues. Forget to take out the foodstuff from the
freezer in time.

c. Leftovers are directly placed in the refrigerator (1) or freezer (2) when they are still warm. Leftovers are
wasted in the trash bin.

Problem: The refrigerator (or freezer) get heated up inside which affects the foodstuff stored there. The
cooling systems have to work harder which increases the energy consumption. Posr-prepared that could
have been eaten later or used in new dishes are thrown away.

Underlying reason: Laziness and convinience. Lack of knowledge of consequences. Lack of inspiration.

d. About a third of the bought foodstuff is thrown in the trash bin and removed from the household (Modin,
2011).

Problem: A huge amount of food is wasted of various reasons.

Underlying reason: Many different previous actions lead to the wastage, much is about bad planning.

\
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The team found it important to get knowledge of
looks of premium kitchens of today and possible
long-term trends to be able to map out the con-
text around the concept. Frequently occurring
design features and possibly emerging trends in
kitchen design that are considered to be relevant
for the target user are listed below.

» Natural materials like wood and glass and
sometimes even concrete.

» In kitchens as in many other fields trends are
followed by contra-reaction trends. White
and shiny surfaces that have been trendy for
some years are more and more replaced with
black and darker colours and matte surfaces.

» Another contra-reaction is that the appli-
ances are more and more visible in the kitch-
ens again instead of built-in behind cabinet
doors. This is also a part of the professional
trend.

» Freestanding units and kitchen islands.

» Stainless steel is still frequently seen. When

it first became popular it was mostly on
appliances to remind on the products from
professional kitchens. Now it is becoming
more frequently seen that the appliances
reminds of professional products in other
ways. Domestic users want to achieve results
of highest class with their products why
also functions and other design details are
inspired by professional products.

» Simplistic designs with geometrical shapes
and straight architectural lines. Hidden han-
dles and clean surfaces.

» Inspiration taken from the furniture indus-
try regarding ways of opening doors and
drawers and other details.

5.3. THE TARGET USER

The Electrolux brand has a well-defined group
of target users within the premium segment of
the European market. The target user lives in
an urban area, is a person with a dynamic life-
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Fig 5.6: Image board representing the persona Louise.

ouise is a 34 years old woman living an active multi-faceted life in a modern fast moving
European capital. She lives together with her boyfriend, David, and their 11 months old daughter
Ella. The apartment where they live was originally Louise’s, and she has carefully furnished it after
her taste. Thus there was not much room left for David’s belongings when he moved in. Louise is at

the moment on maternity leave, but otherwise she is working as a project leader and has an income
sufficient to pursue her interests with passion. Louise is an attractive woman because of her
strong and confident personality and elaborate style.

One of the main priorities in life for Louise is Styl@. To her, style is so much more than a tool to impress on
others (that is just an nice outcome of it). Style is an important @xternal expression of who she is.
The expression of her unique style comes to practice through interior design and her favour for

fashion. Her role as a style leader makes her friends turn to her for advice.

Louise is a perfectionist and a natural organizer, which also is reflected in their home. She likes putting
alot of time in making it look beautiful and welcoming, and she wants her home to reflect her per-
sonal style and individuality. Home decoration is one of her foremost interests. A healthy lifestyle is
important to Louise and David as well. Both of them likes doing fitness and eat healthy food. For Louise is the
main motivation to feel good and look good.

Louise likes travelling a lot and wants to see and @XPEri€Nce new things and cities, and especially go shop-
ping. She really likes the pulse of big cities like New York. Besides leisure travelling she also does some work
related traveling to events and fairs.

Louise is an outgoing person and likes partying and clubbing a lot. But since she recently became a
mother she is not enjoying the nightlife to the same degree as she used to, and is more often having friends
over for instead. She really enjoys

socializing and likes to invite friends and family for dinner. Sometimes she is also going to the cinema and
going to different event with her large group of friends.

With more frequently having people over her passion for visually appealing appliances has grown.
When it comes to home appliances, and especially kitchen appliances the Style always come first. But
they have to do their job and be of a hlgh quality, thus she often buy from premium brands. She is not
very keen on learning complicated functions and does not have the patience to do alot of settings. But still she
wants to be the master of her products and they have to achieve the good results she wants.

Fig 5.7: Description of the persona Louise.
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style and is keen on expressing her personality
through her products and stylish home. She finds
a great pleasure in home styling and is willing to
put money in to get good looking and high per-
forming appliances, especially if they reflect her
personal style. The target user is a bit of an early
adaptor and a trendsetter who others look up to,
which imply that by targeting her it is also pos-
sible to reach the broader mass.

5.3.1. Persona

The persona, Louise, was made to represent and
bring alive the group of target users. Louise was
created based on a mixture of the Electrolux
brand segmentation and the most suitable eco-
archetypes from section 2.3.1. The persona is
visualized in the image board in figure 5.6 and
described with the text in figure 5.7.

As earlier mentioned people can be divided into
different groups, archetypes, depending on their
approach to environmental issues. When creating
the persona, among the six profiles developed by
The Core Company, a mix of The Cynic and The

Pioneer was considered as the best match.

The Cynic likes glamour, fashion, elegance, and
beauty, has a “better taste” and wants what is best.
Environmental issues are often seen as a bit geeky,
even though s/he is about to change attitude in
this matter. Generally the cynic is not concerned
with environmental issues and sustainability.

The Pioneer is a personality who wants to be first
with things. The nature is seen as a source of power;
filled with energy and adventures. The pioneer
likes to provoke and to shock. (Torberger, 2009)

S5HANALYSIS OF THE
ELECTROLUX BRAND

The three aspects of the brand identity considered
being most important to express was premium, pro-
fessional and Scandinavian. The project teams inter-
pretation of these words can be seen in the expres-

sion board (fig. 5.11) and the brand eye (fig. 5.8).

Since the domestic range is moving its position
towards being premium, the connection to and
the heritage and influences from Electrolux Pro-
fessional is becoming more important. For more
detailed information about the Electrolux brand
and the company, see section 1.2

However, Electrolux has apart from the profes-
sional products foremost its heritage in home
appliances. Not cell phones or cameras as some
other brands also making refrigerators. There-
fore all functions of the concept to be developed
should stick to the core and focus on food man-
agement, aiming to ease it and make it seamless,
sustainable and enjoyable as possible.

5.4.1. Electrolux’s professional
heritage

The heritage from Professional products is strong
and the appliances are the preferred brand by
hotels, top chefs and institutional kitchens all over
the world. The professional products form highly
effective systems with the aim to deliver perfect
results with high hygiene and low running costs.
(Electrolux Professional, n.d.) In the Professional
side the Electrolux brand is world leading and has
a good reputation, which give a lot of credibility
to the domestic products - the real professionals
prefer products with the Electrolux name, Thus
the professional heritage is an asset important to
elaborate on and communicate in the concept.

To pinpoint the preference from professional
users increase the credibility of Electrolux in the
consumer market. Thus, to differentiate from
other brands on the market and their competitive
advantage, Electrolux emphasizes their “Profes-
sional Heritage” —"Developed for professionals, now
adapted for you!” (Electrolux, 2011c¢)

Professional kitchen appliances are commonly
made in stainless steel, because it is durable and
casy to keep clean. Professional kitchens and
kitchen appliances are deeply rooted in a tradi-
tional design, which have not been much changed
over the past years when it comes to the expres-
sion. The appliances have to not only be, but also
look hygienic and robust.
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Fig 5.8: Brand eye for Electrolux.

Key characteristics for professional food preserva-
tion products are:

» Stable temperature (no fluctuations) to pre-
serve the food as good as possible

High durability

M

» Low energy consumption

» Easy to clean for high hygiene standards
(Carlberg Felicetti, 2012)

5.4.2. Brand Eye

To capture the Electrolux brand and its essence, a
brand eye (method 3.3.7) was created. The brand
eye (fig. 5.8) served as base for common under-
standing of what the Electrolux brand stands
for and a source of inspiration for the team. The

pod for professionals
‘ ingenious J

L4

T

Insightful

consistent

premium

. credible
professional

heritage

distinctive

brand eye shows the logo and value statement in
the middle. In the second layer are the brand val-
ues and expressive images. The third outer layer
features images and words describing and char-
acterizing the Electrolux brand and its products.

5.4.3. Design language

In order to be able to fulfil the requirement of
making the refrigerator concept visually belong-
ing to Electrolux brand, make it look attractive
to the target group and to have an overall aes-
thetically pleasant design the Electrolux design
language was analysed. To facilitate the fulfilment
of this a list of Electrolux explicit design cues,
listed in next section, was set up and to consider
in the form development process together with
the expression board.
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Electrolux design cues

After the analysis of existing Electrolux products,
both on the market and new concept products,
and discussion with the supervisor at Electrolux,
similarities in the design and commonly reoccur-
ring details and design features were found and
listed (see examples in figure 5.9 and the logotype
in figure 5.10). Design cues identified were:

» The “flow line” (1)

» Contrasts, in colours and in surface finish

» Sharp transitions between surfaces (3)

» Chamfers to emphasize material thicknesses (4)

» Visible material thicknesses (like a shell) (2)

» 'The Electrolux logo in a central position

» Slightly tilted surface towards the central axis (5)

» As materials: shiny white plastics, brushed
stainless steel and glass.

Fig 5.9: Design cues examplified in the Favola.

E] Electrolux

Fig 5.10: The Electrolux logo.

» White and silver —premium colours, and sil-
ver painting under glass

» Clean, strong and simple design with archi-
tectural lines, but yet some softness

» White symbols on black displays

» Letters and symbols on glass, so the shadows
gives a 3D feeling

Expression

The expression board, presented in figure 5.11,
was done based on the Electrolux brand iden-
tity and the identified design language. It was
made with the purpose to be an evaluation tool
for the concept; if the expression board was done
so that it truly expressed the wanted expression
the fiwnal result should in the end fit in with the
images on the board. It expresses the brand values
of empathy, insightful, progressive and ingenious,
and the environment to fit the concept in. It have

& Electrolux ’ '
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Fig 5.11: Expression board for the product to develop and for the kitchen context.

both a picture of the Electrolux “Aurora cook
top” and “Favola espresso pod machine”, but is
also expressing Scandinavian colours and mate-
rials with a premium feeling, also in design and
surface transitions, and a professional cooking
experience. The expression board thus features
both explicit and implicit design cues to imple-
ment in the product design.

5.5. THE REFRIGERATOR
MARKET

A brief market analysis was performed aiming to
see what the current trends and the latest tech-
nologies existing on the refrigerator market are.
This section provides with some examples from
the market and an overview of emerging refrig-
erator and kitchen trends.

5.5.1. Benchmarking

Food preservation

In general it was seen that many refrigerator man-
ufacturers are striving to find ways of either opti-
mizing the preservation for every kind of food-
stuff stored in the refrigerator, or to preserve all
the food in the refrigerator at a lower and very
stable temperature to last longer, and to achieve
that in an energy efficient way. There are new
refrigerators which include technologies allow-
ing setting the temperature differently at different
places in the refrigerator. This is achieved with a
directed airflow in combination with sensors. It is
also this airflow that enables having an even tem-
perature in the entire fridge. The fan controlling
the airflow is often equipped with a filter keeping
the air clean and preventing spread of unwanted
odours.
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There are refrigerators with a 0°C compartment
aimed for meat and fish to prolong the freshness
with up to the double (fig. 5.14). Some manufac-
turers have focused on controlling the humidity
rather than the temperature, like for instance the
Smart Fresh zone in refrigerators from Miele. In
this zone, which keeps a low temperature of 0-2
degrees, the humidity can be controlled by new
functions and it has one dryer (45 %) and one
more humid (90 %) zone. Some combined refrig-
erators/freezers do also feature a quick freeze box,
like Samsung’s RL52/55’s Power Freeze function,
where the temperature can be quickly lowered
said to preserve the taste of the food in the best
possible way.

Furniture market influences

Another tendency seen on the market is the
resemblance of furniture products. There are for
instance refrigerators with drawers (fig. 5.12-13),
which also can be good from an energy efficiency
point of view since the cold stays on the bottom
of the drawer because of its higher density as it
is open (Tang, 2010), and smaller compartments
of the refrigerator can be opened at a time. The
ways drawers are opened and closed, with soft
close and rolling out smoothly on rails are also
reminiscent of the furniture market.

For quite some years built in products with refrig-
erators hidden behind door panels in the kitchen

has been trendy and there might be a shift going
on towards users wanting their appliances to be
visible and good looking as carefully designed

pieces of furniture.

Professional products

Just like the trend in general on the market, not
only considering kitchen appliances, consumers
are often asking for products inspired by profes-
sionals. This especially applies for the premium
segment, and there is a demand on also refrigera-
tors offering more to the user than only the basic
functionality. Another example with inspiration
taken from professional refrigerators, though not
a new trend is the stainless steel finish.

Displays

Displays on the inside as well as on the outside
of the refrigerator door are more and more fre-
quently seen. On the outside the trends are going
towards bigger displays and touch-screen with
endless amounts of functionality included like
in the Samsung RL52/55 and Electrolux Infin-
ity refrigerator (fig.5.16). Examples of functions
which not always are directly related to the refrig-
erator are recipes, shopping lists, photos and even
Internet browser or television possibilities, and
Samsung are one of the brands offering Wi-Fi
enabled LCD display, opening up for endless

Fig 5.12-13: Refrigerators with drawes from Fisher & Paykel and Norcool.




interaction possibilities. Just as with many other
technological products there is a strive to create
an interesting experience when interacting with
the refrigerator

Experiences and connectivity

When it comes to creating a pleasant refrigera-
tor experience, speaking to all sensory modalities
becomes important, and light and sound are two
aspects to care for, which some manufacturers
have done. Refrigerators can be noisy, therefore
sound reduction is often considered, and refrig-
erators are constantly becoming more silent.
With the LED lights it is opened up for using
light in new interesting ways both for decorative
and functional purposes. Especially in premium

products the LED lights are used.

The I-Fresh (fig. 5.15) is a refrigerator concept from
Samsung that will not hit the stores before 2015, and
will apply a so-called food ID recognition technol-
ogy, allowing users to access food information such
as purchase dates, production locals, nutrition data
and expiration dates. It will also allow connection
with up-to-date mobile technologies since it will be
Wi-Fi-enabled, allowing the user to enjoy multime-
dia and interactive experiences in the kitchen.

With the constant connectivity, and refrigerators
wired up with Wi-Fi, information can be trans-
ferred to, and the appliances can be managed
from both smart phones with apps and from the
computer. In such concepts the refrigerator often
turns into a “food manager” more than just a food
preservation appliance.

Eco-features

There are already some eco-design features exist-
ing on the market which might change the user’s
behaviour. Examples are doors alarm when the
refrigerator is getting too warm or when a door
has been opened for a long while. Another rela-
tively new feature that has existed for some years
is the possibility to set the refrigerator in differ-
ent modes such as holiday mode, shopping mode,
party mode or eco-mode. Electrolux has these
features and basically they prepare the cooling
system for less openings than normal, loading a
lot of not chilled foodstuffs and long openings
and a lot of extra food stored and frequent open-
ings respectively, in order to optimize the energy
consumption and keep the temperature as stable as
possible. The eco-mode sets the interior tempera-
ture to be most energy eflicient depending on how

full the refrigerator is (Tang, 2010). The table 5.1

nio1f2010

= 1 3 :07 32°C

HA'1 EVENTO pARA HOJE
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Fig 5.14: Siemens “FreshnessCentre” with the CoolBox for fish and meet 1-4°C below the rest of the
refrigerator for meet and fish. Fig 5.15: Samsung I-Fresh. Fig. 5.16: The Brazilian refrigerator Electrolux Infinity

has a touch screen display.
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Table 5.1: Eco-features existing on the market.

-

Feature

Description

Automatic defrosting
Frost free
Temperature display

Through the door ice dispensers

Twin motor models with two thermo-
stats

Removable door seal (gasket seals)

DAC (Divide and Cool)

Defrosting takes place independently and systematically

Refrigerator or freezer incorporates technology to keep the
unit from icing up automatically

Electronic panel shows the exact temperature

Ice dispenser in the door to give easy access to ice cubes with-
out door opening

Electrolux’ (2005), holiday/winter modes, the temperature of
the fridge and freezer compartments are regulated separately
and the compartments can be turned off independently of
each other

The removable design makes the gaskets round the doors easy
to clean and replace, limiting energy waste during use

Divisible Cooling Technology from Arcelik (Beko) (2009)
has managed to operate with one compressor per fridge split
into seven sections that could work separately, consuming 30
% less power than a regular refrigerator compressor. This pro-
vides the technical possibility for further reduction in behav-
ioural energy use of the module-designed fridge.

gives an overview of more eco-design features exist-
ing today. However, these features are technologi-
cal innovations designed for energy savings during
the use and not primarily made to change the user
behaviour even though they sometimes do.

5.6. THE FUTURE CONTEXT

Since the product of this project was aimed for
the future, approximately year 2020, the possi-
ble future state of the world had to be studied. A
scenario matrix was created showing four possible
future directions. The scenarios were constructed
based on trend research and a PESTED-analysis
(method 3.3.5). Initially the future trend study
was kept open and looking at mega trends, then
gradually focusing on kitchens, futures of food
and grocery shopping, i.e. the refrigerator context.

5.6.1. Trends and influences shaping
the future

As a base for the future scenarios a PESTED-
analysis was performed, where different key
influences and mega trends important for the
domestic context and food preservation situation
of 2020 were listed. Three central words for this
future state were defined as: freedom, customi-
zation and awareness. The most relevant points
from the PESTED analysis are presented below.
In appendix VII all findings from the PESTED
analysis can be found.

Political

» 'The world is more global with less borders
and more global laws

» Demand for small scale
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Economical

» Time and experiences the new luxury

» Services instead of products
Sociological

» Constant availability of things and services

» Urbanization leading to smaller living
Technological

» Virtual world

» Effortless to use and high customization
Ecological

» Climate changes effect the way of life

» Demand for locally produced and genuine
products

Demographic
» Increased ratio of old people in the western world

» Life a is a linear process rather than built by
life-stages

Future insights: food and kitchens

Today’s experimental cooking might be the
future’s standard. Different traditional dishes
from all over the world will get more popular
spread. At the same time as the demand for far
away dishes and import of ingredients from other
countries increase, locally produced food will stay
important. Manufacturing principles and cul-
tivation of foodstuff will to a greater extent be
steered by global laws to ensure human rights and
environmental sustainability, and the marking of
foodstufts more clear and consistent.

Home delivery of foodstuffs or whole dinners by
in a simple way using Internet services might be
more common as there already is a trend towards
that (subscriptions of food bags for instance).
Especially since people are keen to eat healthy
but seldom have time to put much effort in their
cooking. The 24-7 access to food and the smaller
households implies more frequent and smaller
grocery shopping. Ready made and half fabrica-
tion with dubious origin is getting less common
as natural ingredients and food experiences are of
increased interest. People will want faster and eas-

ier ways of preparing food that is not ready made,
especially in the weekdays. It will be important to
cook food healthy fast and simple, but still with a
homemade experience.

Questions that arise which a new product con-
cept has to meet in a better way than today are:

» How to handle post-prepared food?

» What if someone in the household have to
eat later than the others, how to keep the
food fresh meanwhile waiting?

» What will the role of the kitchen be?

The kitchen is a central point where people come
together, and is not necessarily a place to eat; it
is where food is prepared and stored and a place
to socialize. In this way it compete more with
the living room and vice versa. The kitchen still
has a more specific function than the traditional
living room even though the role of the kitchen
is getting more diffuse. Smaller living and less
space and surfaces in the kitchen put demands
on smarter more efficient solutions with multi-
purposes.

5.6.2. Future scenarios

The axes of the scenario matrix (fig. 5.17)
regarded the topics materialism and functions,
which were found to be important factors from
the trend study. The horizontal axis is going from
Specialized to Multi-purpose and the vertical axis
from Physical to Virtual, creating the four differ-
ent future worlds: Stuffocation, Squeeze in, Cus-
tomized and highly effective and “Everything is
possible”. The scenarios can be seen in figure 5.17
and are described in the subsequent text boxes.

The four developed scenarios are more futur-
istic and extreme than the project team believe
the world will look like in 2020, but that is since
they are foremost meant to indicate directions in
which the society may develop, It is important
the four scenarios are a bit extreme and not too
similar to be useful in the idea generation. Below
are the four scenarios presented and described in
seven areas relevant for the refrigerator or its con-
text: grocery shopping, cooking, kitchen layout,
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connectivity, kinds of foodstuff, household type » Companies will keep on developing prod-
and sustainability approach. ucts and to sell as much as possible they will

sell many products not few.
Among the four scenarios Customized and highly

effective was chosen as the most probable future
scenario and the scenario to work after. This deci-
sion was made after a discussion with the follow- » It felt as the most inspiring of the four scenarios.
ing motives:

» Things are getting more and more virtual
and connected.

“Stuffocation” thySiCa| “Squeeze in”

WSTIVId31VIN

W,

“Customized and highly flexibile” virtual “Everything is possible”

Fig 5.17: Future scenario matrix showing four possible future states
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Scenario 1: Squeeze in

Grocery shopping: Shopping is done in huge supermarkets which has everything, and shopping is
performed less often. Therefore the demands on long and good preservation of the foods freshness are high.
In store there will be delicacy counters where you can ask for packages of fresh products for certain dishes,
like an fish soup kit. The foodstuffs are put in the kits on demand, tailored for the user wishes such as number
of portions, flavours and certain ingredients. Some products might even be cultivated in the store.

Cooking: The kitchen has just a few products which offers many different kinds of functionalities. Therefore
one or two appliances are enough for preparing the meal. The products are intelligent in the sense that they
have to know when to do what. When entering the room with the meal kit, the recipe will appear on your
appliance and inform you how to cook.

Kitchen layout: The household is squeezed into a small space, why rooms as well as appliances has to be
multi-functional.

Connectivity: Products does not have to be connected to such a high degree since a lot of functions are
squeezed in to one product. There will be one preservation, one preparation and one disposal appliance
which manage the food. Theses three appliances are connected and managed from an external product.

Kinds of foodstuff: Many and natural ingredients, but the amount you buy is always optimized and adapted
for specific needs when bought in kits, this in order to save the precious space (and money).

Household type: It is small, it is efficient and it is full of smart solutions such as modularity allowing
adaptation. The material and the technologies are very smart.

Sustainability approach: Products are difficult to disassemble for recycling because of all integrated
functions and advanced materials. On the other hand fewer products are needed. People in general are not
S0 concerned about sustainability since they feel a bit helpless and out of control. The central functions in the
society such as recycling will be more elaborate

Scenario 2: Stuffocation

Grocery shopping: More small specialized shops with locally produced products. Shopping less at a time
but more often. Pro-active. Easy access to genuine food from all over the world in specialized shops. The
experience is very important and you can bring home traditional dishes from the show kitchen.

Cooking: Slow food and people do not hesitate to put time and effort into their cocking even though time is
getting rare. But premium ingredients is important.

Kitchen layout: To make all special dishes a huge set of special appliances is needed. The kitchen features
a lot of tools which makes it a bit crowded. Therefore in order to make it nice and organized good storage
possibilities are very important. Smart solution for every appliance, foodstuff and product.

Connectivity: Most products are freestanding and not dependent on each other apart from physically (to
nicely fit together and be stored in a good way). Many appliances are intelligent and have advanced features,
but the physical dimension and hardware is always in focus.

Kinds of foodstuff: Organic food and excellent ingredients are important. Locally produced is preferred, but
also from foreign countries but the origin has to be well known.

Household type: Space is needed to make room for all products, but as the population and cities are
growing making smart use of space and good storage solutions are necessary.

Sustainability approach: Since very much natural resources are used because of all products and
foodstuffs, people are very concerned about the origin and the recyclability of things.
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Scenario 3: Customized and highly effective

Grocery shopping: The control is in the hands of the user, but shopping is managed by virtual means.
Subscriptions of food from different shops/sites offering specialities such as locally produced foodstuffs or
items from certain countries are common. You can manage the shopping virtually from home, and then pick
up the groceries or have them delivered to your door.

Cooking: Cooking will still be important, but technologies, connectivity and virtual tools will play a larger role.
Technologies will be smarter and be able to tell the user how to cook in order to achieve the best results.

Kitchen layout: More or less the same appliances as today will exists in the kitchen, but they will be
connected to each other and able to interact in intelligent ways. The kitchen will still play an important role,
but it will be much more interactive. Small appliances such as mixers, scales etc will be integrated in the
kitchen just as microwave ovens and fridges can be today.

Connectivity: The kitchen will the households brain, and all appliances are intelligent and connected (also
outside the kitchen). The products can be managed via a cloud, either from displays on products, apps on
smart-phones or in other virtual ways.

Kinds of foodstuff: Food will be highly customized for everyone’s personal needs, no matter what food is
available depending on seasons - it is your personal needs for staying healthy that determines!

Household type: The household will have its different rooms for different purposes, but the rooms can
easily transformed when it comes to appearance (projection of wallpapers, light settings etc). This could for
instance be managed with apps.

Sustainability approach: There will be a lot of different products and stuff, but products are more and
more replaced with services and virtual alternatives. Moreover products are easily updated and changed
depending your needs and wishes.

Scenario 4: Everything is possible

Grocery shopping: Shopping, what is that? Food is automatically home-delivered as soon as it is needed.
Standard products as milk are refilled as soon as there is too little left, and other more particular products has
to be asked for manually.

Cooking: You can have an premium chef live cocking (virtually of course) in your kitchen. The total
experience is of outmost importance when food actually is prepared at home. Because often ready made are
eaten beacause of the lack of time. But again, speaking to all senses and creating an experience is central.
Prepared food is taken to a new level!

Kitchen layout: Where is the kitchen? Everything is connected and the kitchen is rather a part of the living
room - or the bedroom. The home is one multi purpose room.

Connectivity: A few appliances manage everything and the products are connected. Augmented reality is
everywhere and the boarder between the physical and virtual reality merely does not exist.

Kinds of foodstuff: Less ingredients are needed since flavours and appliances can transform one product to
another. The sensorial impressions of the basic foodstuffs are enhanced virtually.

Household type: You can live however you want, it is easily transformed. The only requirement is the limited
space of the outer walls.

Sustainability approach: The dematerialized society offers a efficient resource consumption because
SO many products are replaced by services an virtual means. Nevertheless, the few products that are
manufactured are not always the best for the environment...
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6. User Study

This chapter is devoted the user study. It
Starts by explaining why studying the users
are important in DISB, and then describes
the set up of the performed study. The study
was performed in three parts, and the find-
ings from each part are presented before
some general reflections and the most
important findings from the entire study con-
clude this chapter.

o1 WHY USER STUDIES?

In literature it is stated over and over again that
the users have to be studied and understood
in order to, as a designer be able to change the
behaviour in the interaction with a product. As
an example Ochlberg et al. (2009) writes “It is
important for designers to understand their cus-
tomers attitudes about sustainability in order to
gauge how the final concept can best match cus-
tomer needs while also addressing the company
or designer’s values”. A product that includes an
understanding of the person’s behaviour portrays
a more caring image. If the product knows what
the user is doing and responds to her needs and
reacts on behalf of her interests (i.e. saving money,
saving energy), the user can assume that it is look-
ing after both, the environment and her.

This is why in-depth user studies should be per-
formed to gain a good understanding of how
users interact with the product, just as hidden fac-
tors (barriers) behind why they act as they do, to
be able to influence the user behaviour. After all,

designing products means designing user experi-
ences, which in turn determines the impact of the
product experience (Tang et al., 2009).

Since this project is aiming to both change how
the users act by changing the refrigerator, and
make users more attached to their refrigerators
- and thus hopefully care more for their food, -
deep understanding of refrigerator usage and the
target user is well motivated.

©.2. USER STUDY SET UP

The project team performed a rather extensive
user study. On one hand aiming to find out more
about fridge users’ behaviour, attitude towards
sustainability and food preservation habits in
general. But also to go in-depth with the target
group to see what emotional benefits would be
for them and what strategies would be most suita-
ble in order to change their behaviour to be more
sustainable.

The study was divided into three parts; first the
general more quantitative survey, then a self
observation booklet and sensitizing work book
for five characteristic persons from the target
group, and finally a focus group discussion and
generative session with the same five persons. The
two latter parts were more qualitative with open-
ended tasks and questions aiming to find deeper
insights and valuable tacit and latent knowledge
in the users, which are difficult to reach by inter-
views or observations (method 3.2.3).

User Study
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Fig 6.1: Survey respondents by country they live in.

The planning of the user study was initialized by
mind mapping over what was desired to find out,
and possible ways of reaching those insights. The
aim and purpose of the study was set; to get to
know the target to find out what their behaviour
is like (what should be changed), why they behave
in that way (what are the barriers) and what
they do/do not appreciate in products and food
management (value adding product attachment
functions and strategies for behavioural change).
Potential questions and tasks were formulated
and the layout of the user study was decided on: a
survey, a workbook and a generative session. Prior
the user study an open pre-discussion interview
was held with three refrigerator users in order for
the project team to get more viewpoints and other
perspectives in mind when setting up the study. At
least one of the three participants in the discussion
could be considered as typical for the target group.
The discussion confirmed many of the team’s
hypotheses, but also provided some new input to
bear in mind when setting up the study.
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6.3. SURVEY

The survey, the first part of the study, was spread
on the Internet via email and Facebook and eve-
ryone was welcome to answer it. The survey con-
sisted of multiple choice and open-ended ques-
tions, as well as a couple of scales. There where
three main parts; first some generalities (national-
ity, living situation, favourite product etc.), then
questions about attitudes towards sustainability
and sustainable behaviour, and finally some ques-
tions about food preservation and refrigerators,
focusing on the conception of the refrigerator,
food waste and keeping qualities of food. An addi-
tional scope of the survey was to explore how big
the willingness for behavioural change and espe-
cially acting environmental friendly seemed to be.

The questions of the survey was created in a way
making them easy to compare with similar sta-
tistics found in the literature, at the same time
bringing deeper insights. The reasons behind
having some open-ended questions were to have
more qualitative data, which was considered as
valuable for the project. For the complete ques-
tionnaire and responses see appendix VIIIL.
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6.3.1. Survey findings

The survey had 133 respondents of different
ages and genders from 14 different countries fig-
ure 6.1. Since the survey covered a more general
and broader topic than the project itself, to col-
lect background information and understanding,
only the most relevant findings will be presented
here. For the interested reader, the rest of the sur-
vey findings and information about the respond-
ents can be found in appendix VIIL

Eco-friendly behaviour

When analysing the replies of the questions How
important do you find it to act eco-friendly? and
How eco-friendly do you act in reality? it became
evident that a large majority ranked it far more
important to act eco-friendly than they acted in
reality. This shows just as Tang (2010) saw in her
study (sec. 2.5.4), that there is a willingness to
adopt a more sustainable behaviour. There where
only 3 % responding that their behaviour was
more eco-friendly than they found it important,
and all these persons gave eco-friendly behaviour
a fairly low score (under 7 on a scale to 9). Appar-
ently there are barriers to why people are not
as eco-friendly as they would like to be. In the
question What prevents you from acting more eco-
friendly? the most common reasons for not acting
eco-friendly were time, money, laziness, conveni-

ence and lack of knowledge or feedback (fig. 6.2).

There were some respondents indicating they
found either the impact of individual change
too small to be significant, or the supply of eco-
friendly products and services too limited (i.e. the
problem is at an organizational/company level
and not individual). Moreover there were some
respondents saying they were not willing to com-
promise on performance or comfort in order act
more eco-friendly.

Wasting food

The most common reason why people throw away
food according to the survey that it does not smell/
taste/look good anymore (57%). The next most
common reason was past expiring date with 27 %.

7,5%
1ack of knowledge

18,8 %
laziness

41,4 %

money

18,0 %

convenience

Fig 6.2: Reasons for not having an eco-friendly
behaviour according to the respondents of the survey.

The participants in the group interview session
prior the survey, said that they expected the
refrigerator to keep the foodstuff fresh until the
expiring date are passed but not much longer. A
question that rose after the survey was if a refrig-
erator keeps the food fresh longer than to the
expiration date would it make the users throw
away less food, or if users still would throw away
food just because the best before date is passed.
If that were the case would only vegetables and
other foodstuff without expiration date labelling
be wasted less. There were only two respondents
who said they do not throw away any food at all.

Door openings

The most common reason why the respondents
open their refrigerator door for a long time is that
they have done grocery shopping and are mak-
ing room for/loading what they have bought, or
when they are taking out foodstuffs to prepare
a meal. Apart from the multiple choice answers
participants could add other reasons for leaving
the door open. Things mentioned there were by
accident not closing the door due to the door
does not close by itself when slammed, or that
the user forgets to close it because of distraction.

Warm food

Regarding how the respondents treated warm
food they want to save, 75 % answered that they
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let it cool down before they put it into the refrig-
erator, and 20 % put it into the refrigerator when
it is still a bit warm. In the research from ISIS
(2007) a similar survey was done on how often
people cool down cooked food before putting
it into the refrigerator. In their results 20 % did
not always cool it down before putting it into the
refrigerator, in similarity with the 20 % in the
team’s survey who “put it into the refrigerator/
freezer when it is still a bit warm”. Another survey
by Geppert and Stamminger (2010) shows simi-
lar percentages of people placing their warm food
into the refrigerator.

Knowledge about food preservation

Most of the participants in the survey answered
that their knowledge about under which condi-
tions different foodstuffs are best preserved was
4 on a 6 graded scale (where 0 was very poor
and 6 excellent). When comparing the ones who
answered that their knowledge level were 5 or 6
with how they arranged the foodstuffs in their
refrigerators, only 16,6 % ordered their items
according to temperature differences inside. This
result corresponds well to the findings in the lit-
erature study (sec. 2.6.4) where people tend to
think they have better knowledge of food preser-
vation better than they actually have.

To the question how they arrange foodstuff in
their refrigerator, the three most common answers
were: by food type, by packaging dimensions and
by how often they are used.

Product preferences

On the question which electrical product in their
household they liked the most, the majority of
participants answered the computer (14%) fol-
lowed by water boiler (9%) and stove (8%). At
the subsequent question why? the answers of the
respondents can be summarized with the follow-
ing descriptions:

» energy efficient

» time saving

» the outcome is something pleasurable
» fun and easy to use,

» nice design

» flexible

» nice sound, smell and haptic feeling when
using it

» allows multi-tasking

» gives a shimmer to habits

» keep order and things visible/accessible

» easy to clean

» creates cosy feeling

» support healthy living

» smart

» supportive

» looks after itself

» versatile

» genuine

» of good quality

» creative

» social connected

» adaptable

» substitutes boring actions

The last section of the survey treated the rela-
tion between the user and the refrigerator. The
respondent had to rate their opinions between
pairs of opposite words. The results of these rat-
ings are shown in the chart in figure 6.3.

The last question was how the user considered
“the personality” of their refrigerator and the
answers were many and creative. To read some
of the quotes see appendix VIII. The words the
respondents used to describe their refrigerator
were analysed in a Wordle (method 3.3.9) and
the result can be seen in figure 6.5. Based on the
Wordle a suitable personality was sketched sym-
bolizing the present refrigerator, see figure 6.4.
As can be seen, the general conception of the
refrigerator is that it is boring, reliable, plain and
anonymous. L.e. the user’s relationship to it seems
to be weak. Referring to section 5.2.1 where it
says that the refrigerator tells a lot about the user
and her/his lifestyle, it can be seen as remarkably
that the bonds to the refrigerator are not stronger.
Because there are not many people how speak
proudly about their refrigerator as many do with
other products.
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a nobody wasteful

reliable

friendly

efficient a soulmate

extravagant

Fig 6.3: Survey responses, how users regard their
refrigerator

kind

friendly

descreet

healthy

aggressive

jeopardizing

Fig 6.4: lllustration of current “personality” of the
refrigerator; boring, old and plain but reliable.
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Fig 6.5: Wordle. result of the survey question regarding “the personality of the refrigerator*.

4. CONTEXT MAPPING

The context mapping was supposed to answer
how users act and why they do as they do, in
order for the project team to be able to change
the negative behaviours. The purpose was also
to reach in-depth knowledge and the more fuzzy
intangible insights that the users barely are aware
of themselves. By performing the study the pro-
ject team could also better understand what the
target users concerns, attitudes and values are
and what makes them be attach to a product. The
context mapping was initiated with a workbook
followed up by a generative session.

6.4.1. Workbook

In the second part of the study were the partici-
pants a selected group of five persons, two men
and three women, chosen to be representative for
the group of target users. The five participants
were all Swedes living in the Stockholm area and
in the age 25-35 years old. Some lived in small
student apartments, other in larger flats and yet
some in villas. Two had recently become parents,
one lived with her boyfriend and the other two
lived alone. The participants of the study were
chosen baring in mind that some of them should
be in the life stage of Louise, the persona, today
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and the rest in 5-10 years when the concept is
aimed for.

The five participants received a personal booklet
by mail, or it was delivered to them in person.
The booklet was designed to be attractive and
feel inviting for the participants to use, and was
meant to be hung on the refrigerator door for
easy access, see appendix IX.

The workbook was constituted by two parts; a
self-observation diary and daily sensitizing tasks.
The sensitizing tasks aimed to, apart from sensi-
tizing the participants for the group sessions and
allowing the project team to better adjust the set
up of the session, to reveal information that could
give hints for possible value adding functions and
product characteristics. The purpose of the self-
observation part was also to sensitize the partici-
pants prior the workshop and have them to start
reflecting and become aware of their refrigerator
behaviour. The second purpose of the self-obser-
vation was to let the project team study when,
why and how often/long they interact with their
refrigerators.

6.4.2. Generative session

The group session held when the workbooks were
completed, collected and analysed, discussed the
results of the self-observations and interesting

parts of the tasks. Based on the workbook find-
ings the aim was to go deeper and towards the
future to find barriers for sustainable behaviour,
ways of take away the barriers and strengthen the
product and brand relationship. The set-up of the

generative session can be found in appendix IX.

The session consisted of four parts; an introduc-
tion and warm-up exercise with statements allow-
ing the project team to determine how well the
participants corresponded to the group of target
users, then a discussion of the results from the
workbooks, aiming to find out about the prob-
lems and discussing why they do not have a more
sustainable alternative of behaviour instead to
discover the barriers. In this part the participants
where given a timeline over a “standard day”
from there self observation diary and the interac-
tion sequences (sec. 5.2.2) and they were asked
to place PrEmo stickers (method 3.3.3) describ-
ing their emotions in the refrigerator interaction
there (appendix IX). In the third part of the ses-
sion a future scenario was presented (appendix
IX), focusing on the most critical situations from
a sustainability point of view found in the survey
and workbook. The participants were asked to cre-
ate a timeline over how they would accomplish a
specified task in the presented future context (fig.
6.6). They had papers, pencils, glue, tape, pictures
and words at a hand, and were asked to describe
what their kitchen and refrigerator would be like,

Fig 6.6: The timelines created by the participants in the context mapping study.
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how they would act and behave in a desirable way
in the given context. In that way the team could
receive insights about what strategies that could
be suitable for the target users as well as what they
wish and dream about their future kitchen, that is
potential value adding functions. The final part,
after the presentation and discussion of the time
lines created by the participants, was a discus-
sion about product attachment and value adding
functions based on the created future kitchens,
the responses on the tasks in the workbooks and
responses from the survey.

The result of the generative session was analysed
through a KJ-analysis and then incorporated in
the need and demand list (see sec. 7.5) and sum-
marized in the next section.

6.4.3. Context mapping findings

In general people’s awareness of their behaviour
with the refrigerator seemed to be low, and the
participants of the study were surprised over both
how little and how much they interacted with
their refrigerators. Only the workbook made
them start reflecting over their behaviour, which
is the starting point for making any behavioural
change. Their view on their refrigerator was that
it was a rather anonymous but vital household
product. They said they had not reflected much
over it before this study and found it quite well
working.

None of the participants knew the exact tempera-
ture in their refrigerator and were not sure how
to best preserve different foodstuff, however some
said they believed they were confident and knew
how to best do it. They were positive to be better
informed about good food preservation and that
a refrigerator customized for different foodstuff
at different places depending on suitable tem-
perature/humidity. There was however some who
expressed a fear of being too steered and wanted
to have flexibility.

When throwing away food date labelling was seen
as important especially when it comes to meat.
One participant said he was more careful with his
child’s food than with his own. Milk was often

smelled or tasted before wasted. They said it was
especially difficult to know when saved leftovers

would go off.

There were mainly two parameters that over the
years have changed the participants refrigera-
tor usage; economy and change in daily routines
(from student to worker, single to parent). All par-
ticipants seemed aware of that hot food should not
be placed in the refrigerator due to higher energy
consumption, however they did sometimes put
in warm food because they thought it was bet-
ter for the hot food to be cooled down quickly.
They did not reflect upon that warm food that
was put into the refrigerator heat up the entire
refrigerator and would affect the other foodstuff.
They said it was sometimes difficult to remember
to put the chilled food into the refrigerator when
it had reached room temperature and difficult to
know when it is enough chilled.

About thawing food some thawed in water and
some in the refrigerator. The problem when thaw-
ing in the refrigerator was the uncertainty how
long time in advance the frozen food needed to
be put the refrigerator and to be thawed in time.

One of the participants said she sometimes held
the door open for a long time when preparing a
quick meal, like breakfast. The reason was to “save
the effort” of opening the door again. Other times
when they had the door open for a long time were
when doing inventory before grocery shopping
and when looking for something nice to eat.

None of the participants used a shopping list dur-
ing the week they filled in the sensitizing booklet.
Without a shopping list they said they often did
not know what they had at home and sometimes
they bought things just in case and by accident
ended up with doublets of groceries.

Some of the future ideas and desires that came up
during the generative session were:

» To shorten the time and way to get food to
the house, since many of them found planning
and shopping boring and wanted to put that
energy on social cooking and dining instead.
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» Some wanted the refrigerator smarter and
someone to communicate with; it should
know what it has and what could be done
with it. The refrigerator could also be a door
to a whole world with different foods and
recipes available. In contrary to the refrigera-
tor with more intelligence and more eflicient
shopping some people said they wanted bet-
ter access to locally produced season depend-
ent food, to go shopping good foodstuft
themselves. A comment was that if an action
demands an extra effort it leads to that the
person in the end does not do it if s’/he does
not have any benefits from doing it

» 'The participants said they disliked refrigera-
tors that are noisy. They liked to have large
refrigerators with good overview and easy to
organize and where everything is reachable.

» When the refrigerator is full and when there
is good order in it, the participants said they
were in a good mood. The times when they
were most receptive for outer input differed
but was not in the mornings, except from
the one on maternity leave, when they were
under time pressure and acted routinely.

0.5 REFLECTIONS AND
OBSERVATIONS

Throughout the entire project process the project
team reflected over their own refrigerator behav-
iour and observed people in their surrounding
interacting with refrigerators in their everyday life
in a spontaneous and unstructured way. Informal
discussions were held about refrigerators and sus-
tainable behaviour resulting in valuable reflec-
tions and insights in addition to the user study.
These are some of them.

Insufficient temperature feedback

Sometimes the only way to control the tempera-
ture in the refrigerator is by rotating a wheel to
where it for example can be adjusted from 1 to
5, with no feedback about what interior tem-
perature each number corresponds to; does 1

mean the lowest temperature or the lowest chill-
ing effect? Moreover, there is often no indication
about the present temperature in the refrigerator
unless a separate thermometer is put inside. This
leads to deficient temperature feedback from the
refrigerator to the user.

Lack of food preservation
knowledge

The refrigerator does not offer optimal conditions
for preserving every kind of foodstuff, but it is
a good compromise. Few people seem to know
the temperature variations in the refrigerator and
where to best store different foodstuff and how
the foodstuff would be kept fresh as long as possi-
ble in the refrigerator. The refrigerator is designed
to keep foodstuff fresh until its expiration date
labelling and as long as it does that no one will
probably complain. However, referring to the
information about date labellings presented in
the theory chapter in section 2.6.2, foodstuffs last
for longer if stored properly. There is thus room
for improvement regarding the food preservation
in the refrigerator and feedback to the user, but
the reliance on date labellings can be a barrier.

Long door openings due to the
refrigerator placement

The refrigerator is sometimes placed far away
from a workbench or table, which leads to incon-
venience when loading or unloading groceries.
Long distance to a place to load and unload the
groceries lead to unnecessarily long door openings.

Negative to computerized
refrigerators

Some people do not want that the refrigerator,
which is one of the few non-computerized products,
become more digitalized with big displays and tonnes
of advanced features. It also came up when speak-
ing to people, more or less within the target group,
that big displays or anything at all on the refrigerator
door was seen as unwanted and ugly. Some also had

the belief that the more functions a product has the
higher is the risk that something breaks.
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Poor looking display of groceries

A reason found to why people stand with the door
open for a long time was because they searched
for something tasty to eat but that the foodstuff
in the refrigerator was so badly displayed in the
refrigerator and looked too disgusting that they
after a while closed the door without finding any-
thing that tempted them.

Ignorance of energy consumption

A reason for standing with the refrigerator door
open that was identified was that people are not
aware of that they do it, when for example dis-
cussing with another person in the kitchen. One
reason why people treat the freezer door with
more care and quicker door openings might be
that the cold freezer air gives feedback to the user
that cold air is let out and energy wasted. It is
also a more unpleasant feeling with the very cold
freezer air compared to the refrigerator, some-
thing that is not as obvious with the less cool air
from the refrigerator.

Random arrangement of foodstuff

How people arrange the groceries in their refrig-
erator differs a lot but often seems to be due to
habits, what is learned from parents or totally
random. If the refrigerator is full some people
said that if a hole was found in the refrigerator it
was quickly plugged when loading new groceries,
despite eventual previous order, instead of rear-
ranging the other foodstuff.

Date labelling reliance

There seems to be age differences in how much
people rely on date labellings on foodstuff. When
speaking with people of different ages a pattern
seemed to emerge that older people who grew up
before the date labelling on foodstuff was intro-
duced tend to more often taste and smell the gro-
ceries before throwing them, while the younger
generation tend to rely more on date labellings.

©.6. CONCLUSIONS FROM
THE USER STUDY

These were the most important insights from the
user study to consider in the concept develop-
ment.

» People’s knowledge about good preservation
conditions for different foods is low, even
though they often claim they have good
knowledge.

» 'The feedback from the refrigerator is defi-
cient. The user does not know if and/or
where the refrigerator offer optimal preser-
vation conditions for the foodstuffs, neither
what the optimal conditions are.

» There is an ignorance about the effects of
actions such as placing warm food in the
refrigerator, and people tend to think it is
bad for the energy consumption of the refrig-
erator but do not consider the consequence
of heating up the rest of the food inside.

» People tend to leave the fridge door open for
a long time when looking for something to
eat, when making inventory before grocery
shopping or when using the food while the
door is still open. If the door is left open for
a long time is generally depending on if the
person finds the groceries looked for, and the
awareness of how bad it is to keep it open.

» The reason why people do not thaw food in the
refrigerator is due to bad planning and uncer-
tainty whether the food is thawed in time.

» Packaging dimensions have a great influ-
ence on where people place their groceries in
the refrigerator. Thus refrigerator designers
play an important role in where people place

their foodstuff.

» 'There is a gap between how environmental
friendly people want to behave and how they
actually do behave.

» The refrigerator is a vital product of the
home but a rather anonymous and boring.
People have faith in it keeping the groceries
in the best possible way, but that is it.

User Study
(59



» There is a big reliance on date labellings for
expiration date. The refrigerator should keep
the groceries fresh until then, but keeping
it fresh longer is not expected. Some people
throw away food directly if the date labelling
has passed, especially when it comes to meet.
Milk is often tasted before wasted.
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/. Basis for Concept

Development

This chapter acts like a bridge between
the pre-study and the development phase;
including conclusions, decisions of focus
areas and a summary of discerned barriers
to sustainable behaviour.

/1.CONCLUSION FROM
THE PRE-STUDY

After the analysis of the pre-study the project
team could conclude that the worst sustainabil-
ity issue related to the refrigerator is the extensive
food waste, which in turn is highly dependent on
bad planning and low consciousness of the bad
effects of wasting food among people. The energy
consumption of the refrigerator and the effects
of long door openings turned out to be relatively
low in comparison to the food waste issue, but yet
an area of improvement. The placement of food
in the refrigerator that is still warm appeared to
be more common and worse from a sustainability
perspective than first thought. The matter of bad
food planning might be the biggest factor to food
waste, but is a large problem that includes much
more than just the refrigerator. The main barrier
to meet in order to make the user behaviour more
sustainable is the low knowledge and the igno-
rance among users; how food should be stored,
the invisibility of the energy consumption, and
the highly habitual behaviours with bad impact
that most users merely are aware of that they
have. Since the refrigerator is such a frequently
used product and important in everyday life, it is

very important for the users that the interaction
with it is convenient and effortless.

/.2 BARRIERS
AND BEHAVIOUR
IMPROVEMENT AREAS

After the choice of product in focus and the con-
duction of the in-depth user studies, the next step
to take, suggested by Selvefors, Blindh Pedersen
and Rahe (2011) in the DSCB approach is to iden-
tify where, when and why the wasteful resource
consumption is. In this step they also write that
the barriers towards sustainable behaviour should
be found, why the project team identified and
listed eleven barriers related to the found behav-
iour improvement areas (appendix X).

7.2.1. Barriers for a sustainable
behaviour

The two overall problems in the use phase of
refrigerators regarding sustainable behaviour are
food waste and waste of energy. Looking at the
major causes and underlying barriers found in the
interaction sequences presented in section 5.2.2
and in the user study (Chapter 6), supported
with the findings from the literature review (sec.
2.6.4), important improvement areas from a
behavioural point of view were found. By analys-
ing them further the associated barriers for the
targeted behaviours to be changed could be iden-
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tified in order to be able to choose suitable DfSB
strategies. These eleven barriers for sustainable
refrigerator user behaviour were found:

1. Ignorance of how to — Ignorance that some-
thing can be done, lack of information

2. Ignorance of the actual consequences of the
action

Hopelessness — "it’s impossible”

3.

4. It is too expensive

5. Too effort demanding (laziness, convenience)
6.

High risk of accidentally doing wrong/for-
getting to do right (it is easier to do wrong

than right)
7. Takes too much time

8. Lack of inspiration to act sustainable/not
(visually) appealing

9. Difficulties to plan
10. Lack in communication
11. Other things/actions comes first

After an initial idea generation and further analy-
sis of the problem areas it was found that they
were not optimal to use in the idea generation,
why the areas was merged to four to be easier
to work with and more relevant for the concept
development. The four behavioural improvement
areas were (figure 7.1):

1. Food placement (overview, best conditions
for preserving the food)
2. Hot/frozen food transfer to the refrigerator

3. Take care of food before it goes off (left-

overs, close to expiring date, knowledge)

4. Food planning (dinner planning, commu-
nication, shopping lists)

/.3. REFLECTIONS ON
CHOICE OF STRATEGIES

After discussions and reasoning based on the user
study, the DISB literature review and with the
persona in mind, a first selection of promising
strategies for changing the behaviour in focus was
done. Since the target group are not the ones with
the strongest pro-environmental engagement and
the willingness to compromise on either aesthet-
ics, performance or result when using their appli-
ances (sec. 5.3), the benefits of using the product
as intended to change behaviour must be clearly
communicated and greater than the potential
additional effort demanded. Moreover, the target
user do not want to be controlled, she wants the
freedom to make her own decisions but yet like
to have some guidance for making her choices.
Therefore strategies from the category Enlighten
might be to vague to use alone for a sustainable
change, but promising if combined with other
sorts of strategies. To force the user could on the
other hand be perceived as too controlling and
result in frustration if not used carefully. Differ-
ent categories of strategies are often beneficial
to mix in the product to be effective (Selvefors,
Blindh Pedersen, Rahe, 2011), and the Spur and
Steer categories can be assumed to be the most
promising to use in this case.

Which particular strategies to implement in the
final concept depend on what particular behav-
iour that is in focus. It always has to be taken
into consideration whether behaviour is habitual
or an occasional behaviour (sec. 2.2). Habits are
more difficult to change and need certain strate-
gies to be changed successfully. In the interaction
with refrigerator many behaviours and actions are
highly habitual, especially at breakfast time as the

Fig 7.1: The four focus areas; Food placement, Hot/frozen food transfer, Take care of food before it goes off

L and Food planning.
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project team discovered in the user study, and this
is something that has to be kept in mind in the
development process. Concerning change of habits
the user has to firstly be aware of his/her behaviour
and be motivated to change it. The bad habit has to
be broken and new better behaviours established.

/R, PERSONALITY CHANGE
FOR THE REFRIGERATOR

From the user study and especially the survey, it
was seen that people’s conception of their refrig-
erator is not very attractive, and probably neither
the persona Louise has the most positive relation
to her refrigerator. The idea of a personality change
was born during the analysis of the survey, and
based on the net chart visualizing the replies on
how much the refrigerator is perceived in different
ways, adjustment for how the refrigerator prefer-
ably should be perceived was done, see figure 7.2.
The suggestion was to make the refrigerator more
attractive by making it less plain, more "human”
and to be perceived as more efficient. An idea of
how to achieve this in a way attractive to the target
user was to make the refrigerator more emotional
in its communication and considering what sort
of, and most importantly how feedback is given.

plain

a nobody wasteful

reliable

friendly

a soulmate

efficient

extravagant

Fig 7.2: Suggested personality change for the new
refrigerator (green), compared to survey responses in

fig.6.3 (pink).

aggressive

jeopardizing

/5. NEED AND DEMAND LIST

Since the project aimed to develop a concept and
with the focus on the behavioural change for a
pro-environmental behaviour, and was not lim-
ited by manufacturing, costs or other such speci-
fications (sec. 1.1.6 limitations), there was no
need for a strict requirement list. Instead a need
and demand list was put together and updated
throughout the project, to be used as a reference
or checklist. The complete need and demand list
can be found in appendix XI. The purpose of
this list was to collect all the important aspects
of the product concepts to fulfil, and to facili-
tate the evaluation of concepts. The listed needs
and demands derived from the function analy-
sis (sec. 5.1.1), the user study and discussions
with experts. Specifications on the expression of
the concept were also an important part mostly

derived from the brand identity.

In the list the requirements were ordered in the
groups: Sustainability, Technical aspects, Interac-
tion, Functionality, Food management, Design
demands (dimensions etc.),
Expression and formal functions, Material and
Market. Some of the most important require-

Customization,

ments were:

» Preserve the freshness/condition of food

» Make the user act more sustainable than
with a classic refrigerator, i.e. affect them to
waste less food and consume less energy

» Be intuitive/easy to use

» Support thawing frozen food and chilling
warm food in energy efficient and controlled
ways

» Express premiumness
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3. Development

The concept development was an iterative
process, starting of early in the project with
large quantities of wide spread ideas on dif-
ferent aspects of cold preservation and sus-
tainable behaviour as well as how to make
the refrigerator a more attractive product.
Ideas were sorted out and the most inter-
esting ones developed further resulting in
three concepts. Methods used in the idea
generation during the concept development
were amongst others brainstorming, mind
mapping, morphological matrix, sketching,
KJ-analysis, workshops and the strategy
cards from Brains Behaviour and Design.
Throughout the concept development pro-
cess meetings with experts on refrigeration
from advanced development at Electrolux
were held to verify the feasibility of technical
aspects of the project teams ideas.

8.1, IDEA GENERATION

A large amount of ideas created from series of
brainstorming, brain writing and idea generation
sessions on topics such as optimal placement of
foodstufls, opening principles, awareness of con-
tents without opening, knowing what to buy, tak-
ing care of leftovers and properties making the
product more attractive to the target user. For
more sketches and mind-maps see appendix XII.

Initially, much focus was on the technical feasibil-
ity of the concept. In meetings with experts from
advanced development the technical possibili-

ties of optimizing food preservation and keeping
track of the refrigerator contents were discussed,
serving as inspiration and indications of what
could be realistic and promising directions for the
coming concept development. Examples of possi-
ble utilization of such technologies were tracking
the contents of the refrigerator by means of cam-
eras and different sorts of sensors and RFID, and
different possibilities of prolonging and enhanc-
ing the freshness of the preserved foodstuffs with
light of wave lengths in the red and blue spec-
trum, boxes with vacuum and changing the gas
composition of the air (more CO, or nitride gas).

8.2. PART CONCEPTS

Four directions of concepts were formed from
further development of ideas from the clusters
from the ideation, the workshop held at Elec-
trolux (sec. 4.3.1) and the project teams qualita-
tive evaluation in relation to the Electrolux brand
and the target group. The concepts were given
descriptive names according to the main focus
of each of them. They were constituted so that
they focused on different behavioural problem
areas and had different sorts of functionalities,
rather than offering solutions to the same prob-
lems in different ways. The concepts were also
given different “personalities”, and were described
with three words. One of the four concepts, 7he
Efficient (sec. 8.2.1) was eliminated as the focus
behaviours of each concept had been defined. The
reasons were it was narrower than the other con-
cepts and that the technical possibilities of some
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Fig.8.1. Sketches for the concept “the Efficient”, a “double tray” with Peltier cell to insert in the refrigerator to

thaw and chill food in

of the solutions were uncertain in energy efficient
ways. Instead parts of the concept were integrated
in the concept 7he Professional (sec. 8.2.3).

Beside the concepts there were yet some functions
and features from the initial brainstorming that
could be implemented in all of the concepts. These
were grouped alone and saved for later on, in order
to keep the concepts streamlined. These features
were for instance better feedback on the tempera-
ture in the refrigerator, ways of informing about
the effects of actions such as door openings or put-
ting in warm food, making energy consumption
visible and ways of making the refrigerator more
human-like and personalized. Some of these “addi-
tionals“ can be found in appendix XIII.

8.2.1. The Efficient

The Efficient was the early discarded concept that
focused on making the handling of hot and fro-
zen food in connection to the refrigerator more
efficient and convenient, thus the category form-
ing the base for this concept was ransfer of hot
and frozen food into the refrigerator (fig. 8.1).
Energy and temperature feedback was central in
this concept. The Efficient also offered special fea-
tures allowing controlled thawing and quick chill
inside the refrigerator in a convenient and energy
efficient way. In this concept it can be said that
the intervention strategy spur was used since it
encouraged the user to act in a specific way, but
it could also be seen as the intervention strategy
match was used since the concept would offer a
new function matching an existing behaviour.

8.2.2. The Organized

The Organized was a concept based on the
behaviour improvement area accessibility and
overview (fig. 8.2). The main purpose of this
concept was to minimize door openings by pro-
viding a better overview so that products could
be faster and easier found and accessed. The
Organized was developed to be the efficient, tidy
and helpful refrigerator (fig.8.3) who supports
the user in organizing their food through its
physical attributes (fig. 8.4-6). It also featured a
system for managing leftovers with for example
RFID tags. The aim was to minimize food waste
by prohibiting the user from forgetting things
back in the fridge or buying food in vain. More-
over, the good organization and quick access to
frequently used products would decrease door
openings and thus energy consumption. The
Organized did not focus on preserving the food
optimally, but allowed the user to access it in the
easiest way so it would not be forgotten and the
door not left open for a long time when not find-
ing what is looked for. Therefore were features
such as quick access to frequently used food,
transparency in the door and ways of facilitating
use of the stored food before going off appropri-
ate, just as the system allowed the organization
of leftovers and opened not finished packages of
food. See figure 8.7 for the key functions from a
DIfSB perspective.

The Organized was to a great extent relying on the
user to change the behaviour and the appliance
was rather encouraging than guiding the user to
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Fig. 8.2: The Organized, its size is lower and wider than ~ Fig. 8.3: The efficient, helpful and tidy personality.
a normal refrigerator for better overview and access.
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Fig.8.4-6: The Organized, closed and opened with its compartments and features indicated. Inside the top compartment
with slide-down-to-open smart glass door, there is carusel shelf. The pull-out larder on the side is for quick access to
fruits and drinks. In the large compartment there is an “eat-me-first zone" and a system for post-prepared food.
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Fig. 8.7: The key functions of The Orginized to make users adopt a more sustainable behaviour.

better organize and keep track of the food. Thus
the kind of DfSB intervention strategies used in
main was from the spur category (sec. 2.1).

Key functions from a sustainable
behaviour perspective

» Quick access and transparent door:
Change of behaviour: Shorter door openings,
keeping track of what is inside

» Eat-me-first-zone:
Change of behaviour: Eat food before it goes off by

knowing what will soon expire

» Leftover system:
Change of behaviour: Saving and keeping track of

leftovers.

Cons and question marks

» Difficult from an ergonomics point of view
to lift out the trays from the top compart-
ment, even though it is lower and wider.

» Will the user understand the many different
features and part functions?

» Similar to a traditional refrigerator and some
similar solutions have been suggested earlier
in concepts which of various reasons have
not been realized. Not differentiated and
forward thinking enough?

For a detailed description of the functions and features
of the concept The Organized, see appendix XIII.

8.2.3. The Professional

The concept The Professional was in the height of
a kitchen bench (fig.8.8) and focused on optimiz-
ing the preservation of different kinds of food-
stuffs (f1g.8.10). The Professional’s personality
was confident, competent and trustworthy (fig. 8.9),
and the concept elaborated on Electrolux’s herit-
age and experience from professional products.
By storing each kind of food in its optimal way,
it can last longer before going off and is wasted.
An important factor to succeed in that is to edu-
cate the user and to communicate the intended
storage in an appropriate way. The behaviour
this concept aimed to change was thus minimiz-
ing food waste through raising the awareness of
how to take care of food by having the refrigera-
tor offering the right conditions (8.10-12). The
concept attracted the persona Louise because she
knows her food can be optimally stored and she
can put her time and effort on social and fun
activities like cooking and dining. There could
also be an application extending the functionality
connected to The Professional since the refrigera-
tor does not have a display (fig. 8.13).

Compared to The Organized, The Professional
focused on preserving the food in the best way
possible so it stays fresh longer instead of making
it more visible and accessible. The second focus
area it treated was hot/frozen food management.
An aspect related to this was to communicate
the effects of actions, like how a door opening of
one minute would affect the temperature inside,
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Fig.8.8: Size indication for The Professional. Fig.8.9: The Professional’s personality is confident,
competent and trustworthy.
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Fig.8.14: The Professional’s key features from a sustainable behaviour perspective.

or what happens to food stored at wrong condi-
tions. Since professional appliances inspired this
concept it was suitable to make different mod-
ules with several doors and/or drawers suited
for different sorts of foodstuff. The Professional
involved system thinking in a way sharing stand-
ardized measurements with all major appliances
of the Electrolux range, allowing transferring
shelves, trays and insets between them seamlessly.

The DfSB category used the most in this concept
was steer, because the appliance would not force
the user to organize and put the food where it is
aimed to be, but guide her/him to do so and let
the user know it is the most beneficial way.

For a detailed description of the functions and features
of the concept 7he Professional, see appendix XIII.

Key functions from a sustainable
behaviour perspective

» Food type specific preservation:
Change of behaviour: Preserve food as good as possible

» Temperature feedback on top surface:
Change of behaviour: Not placing warm food in
the refrigerator

» Temperature feedback on drawers:
Change of behaviour: Awareness of the status of the
refrigerator, where specific conditions are met and

the consequences of actions that increase the tem-
perature in the refrigerator. See figure 8.14 for the
key functions from a DfSB perspective.

Cons and question marks

» Not emotionally attractive enough for the
target user, too technology and feature
focused.

» Will the user know what food to place where?

» Are all the temperature and climate zones in
the products possible without making it very
energy consuming?

8.2.4. The Communicator

The concept The Communicator emerged from
ideas of connectivity. Since many people find
planning meals and grocery shopping time con-
suming and boring and wish for inspiration the
project team explored how connectivity in differ-
ent ways could facilitate that. The answer found
was The Communicator, which was a somewhat
more conceptual concept, focusing on the virtual.
This refrigerator was transformed into an intelli-
gent appliance, like the brain of the home, offer-
ing ways of connecting people, different appli-
ances such as smart phones and computers and
other kitchen appliances like the freezer, oven
and dishwasher (fig 8.15, 8.17-20). On a larger

scale connecting and communicating with the
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Fig. 8.17-20: The front view with a large integrated display on the door and a water tap to the right.
The back view with a table and. The display and and cocking instructions from a virtual chef can be
visible on the backside too. 18. The top view.
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8.21: The Communicator’s key features from a sustainable behaviour perspective. The focus is on
l planning through better overview and inspiration.
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smart grid could open up for yet more possibili-
ties. The most related problem area was food-plan-
ning focusing on providing information of what
is inside the refrigerator, what needs to be bought
and what can be cooked of its contents. So increas-
ing the overview and awareness of contents was
also related focus areas. Being a source of inspira-
tion was a major characteristic of the concept.

The Communicator’s personality was social, inspir-
ing and planning (fig. 8.16), and it focused on
making food planning easy and enjoyable so that
no more food than needed was brought home
and everything used. It also educated the user and
increased the awareness. By making food man-
agement more enjoyable people would be more
engaged in it and thus hopefully care more about
treating their food better. Therefore The Com-
municator was made to inspire, to make planning
easier and offer food related experiences.

For a detailed description of the functions and
features of the concept The Communicator, see
appendix XIII, and the key functions from a
DfSB perspective can be found in figure 8.21.

Key functions from a sustainable
behaviour perspective

» Intelligent shopping list:
Change of behaviour: Use shopping lists when
grocery shopping to buy the right amount of food
and no unneeded foodstuffs.

» Find recipes based on refrigerator contents:
Change of behaviour: Use foodstuff before they go
off and not buy new food instead of using what
already is at home.

» Cooking inspiration trough interactive chefs:
Change of behaviour: Caring about the foodstuffs

and, be more involved in food management.

Cons and question marks

» Would it be effortless and intuitive enough
for the user? If the user must scan or add the
contents manually to the system, it would

probably not be used.

» Is it to high-tech and different to be a refrig-
erator for the coming 10 years? Do the user
want something simpler?

» "The concept does not tell how the food is stored.

8.3. PART CONCEPT
EVALUATION

The three part concepts were evaluated to find
what direction and which features that were
most interesting and promising to develop into
one final concept. The concepts were evaluated
against a revised version of the need and demand
list (appendix XIV) and The Professional got the
highest rating, which was the most favoured con-
cept of the team.

Concept presentations were also held at Elec-
trolux IDC both in Porcia and in Stockholm and
feedback gathered and discussed. Based on these
evaluations and feedback the direction of one of
the concepts was chosen to develop further. The
by most of the listeners preferred concept was The
Professional, together with diverse functions from
The Organizer and The Communicator, and the
simple and smart solutions that are effortless for
the user were favoured.

Important comments from the presentations were:

» 'The most important benefits for most users
are convenience and time savings, it moti-
vates them to buy new products

» Favourite features were: the eat-me-first-
zone, the warm work bench, the support

when thawing/chilling food

» The focus on the environmental impact
improvement should be stronger. Include
fewer functions and focus on a few strong
key functions improving the user behaviour
instead.

After discussions and more ideation the final
focus for DfSB change for the final concept could
be chosen, so it would be meaningful from all
the important aspects. With the focus selected a
list was done of all features from the three con-
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cepts and the additionals. The ones relevant for
the chosen focus and wanted DfSB changes, and
promising features connected to the project focus
were kept for further consideration and the rest
discarded. In this list were indications of what
behaviour improvement area each of the func-
tions supported and which of the considered
categories of DfSB strategies that were primarily
implemented (i.e. enlighten, spur, steer or force)
added. It was also indicated in which usage situa-
tion, referring to the refrigerator usage situations
in section 5.2.2, each function would make a dif-
ference, and its assumed effectiveness. Examples
of selected functions were the heat indication sur-
face, but all planning and inspirations functions
from The Communicator were left behind. (See
appendix XIV for the evaluation matrix).

84. FOCUS OF FINAL
CONCEPT

The concept chosen to be a base for the further
development to one final concept was The Profes-
sional, the refrigerator with drawers in the height
of the workbenches in the kitchen. The Profes-
sional’s earlier sustainable behaviour focus was
refined to be more relevant for the target user,
Electrolux and the DfSB perspective. In the ini-
tial concept it was focused on the problem areas
Jfood placement for optimal preservation and transi-

Food in Best_
possible
—— preservation
X

tions between hot/cold transitions with temperature
feedback. The focus of the final concept was based

on these, but more specified as described here.

When looking back on the pre-study, it was
found that the major problem behind food waste
is bad or lack of planning. What the refrigera-
tor, as a product, probably can have the highest
positive impact on would rather be the area of
optimal food preservation, which can result in
reduced food waste. Aid in planning could more
efficiently be achieved with another product, or
with an application to the refrigerator with func-
tionalities as The Communicator. However, the
project team thought that purely optimal food
preservation is not enough to achieve sustainable
user behaviour. This because the food will still
run the risk of getting old and be wasted because
it has been preserved for too long or forgotten,
even though its freshness is very much prolonged.
Therefore it is important to raise the awareness of
using the food in the right moment, and not just
to preserve it. The focus therefore became “keep
the food fresh as long as possible, optimally undil it
should be used, so it is used it when it is still fresh”,
i.e. Professional food preservation. See figure 8.22.

To avoid that the improved preservation will be
ruined by hot food placed in the refrigerator, and
because of the low awareness of this action dis-
covered in the user study a complementing target
behaviour was chosen; the focus area of hot and
cold food transitions. This was also motivated

Food out

| |

Fig 8.22: Schematic picture explaining the main focus of the final concept.
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by the energy savings that could be made if this
area was improved (see table sec. 2.5.4). Also
because the awareness of temperatures related to
food preservation and refrigeration is deficient, a
barrier for sustainable behaviour. In this area the
potential of improving the user behaviour from
a sustainability point of view was assumed to be
large through applying different DfSB strategies
such as feedback.

8.5. DEVELOPMENT OF
FINAL CONCEPT

When the core of the final concept and the user
behaviour to focus on were defined, the chosen
concept underwent an iterative development pro-
cess. The functions chosen from the evaluation
of the part concepts (sec. 8.3) were refined and
further developed through sketching, modelling
and discussions. The new set of functions and fea-
tures taken from all three part concepts respond-
ing the focus was looked over and evaluated
again in order for them to form a coherent and
meaningful message from all the key aspects; the
functionality, the DfSB approach, the attractive-
ness for the target user and the relevance for the
Electrolux brand. When summarizing the evalu-
ation the project team could see that all the four
aspects had been considered to some extent, but

the connection to the brand needed some more
development. The evaluation list can be found in
appendix XIV. The layout of drawers; appearance,
dimensions and numbers was also elaborated on.

8.5.1. Complementary research:
dimensions and components

As a kick off for the final concept development
the project team went on a series of study visits to
get inspiration and to collect important comple-
mentary information for the final development.
The complementary information primarily con-
sidered dimensions, components and technical
details. Resellers of tabletop refrigerators with
drawers were visited, to not only see but also to
feel what existing product are like and their pros
and cons. The Electrolux refrigerator factory and
development department in Mariestad was vis-
ited to discuss the technical and manufacturing
feasibility of the concept and requirements for
energy efficiency classifications.

In the next following sections the final concept devel-
opment is described aspect by aspect pinpointing
what was considered important for the final concept.

8.5.2. Physical model
A full-scale physical model built of foam board

was used in order to evaluate and decide on the

Fig 8.23: The paper mock-up from different views. All the interior parts were built to try dimensions and handling.
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dimensions of the product concept (fig. 8.23).
When testing the model the project team could
try out the handling to find suitable sizes and
designs of each compartment to make enough
space and good arrangement and overview for the
intended groceries.

The interior was first built in foam board to be
tested regarding size, ergonomics and functional-
ity, and then modelled in the computer to develop
the aesthetics and the construction. When all the
refrigerator compartments were built, different
ways of arranging the interior with subdivisions,
boxes et cetera was tried and evaluated in order to
find an optimal solution allowing flexibility yet
restricted enough to be clear on where to place
what. The project team strove to find a balance
between flexibility for the user and yet make
restrictions prohibiting wrong placement of the
food in the refrigerator, and adjustments had to
be made accordingly.

8.5.3. Product architecture

The idea of having the top surface of the product
in line with a standard kitchen workbench, i.e.
90 cm high and 60 cm deep so it can be used as
a workbench and extend the often limited work
space in the kitchen, was kept and developed fur-
ther. From building the sketch model and calculat-
ing the approximate volume, a width of 1 m was
considered to look good, be spacious enough and
the workbench seemed to be of a suitable size. The
drawers should start 15 cm above the floor level,
since that is a common height of the plinth, so the
drawers can be in line with other cabinets in the
kitchen. However, the product should have adjust-
able feet so it can stand straight even on a slanting
floor. The product should be designed to be placed
against the wall or in a kitchen island, but one of
the sides was decided to be left free standing.

From looking at refrigerators with drawers cur-
rently existing on the market, it could be con-
cluded that regarding the accessibility and over-
view aspects drawers are much better than doors,
why an earlier idea of having one compartment
with a door and extensible shelves was left behind.
Another positive aspect regarding drawers versus

a door is that the cold air stays in drawers and do
not fall down as in refrigerators with doors. The
drawers should however primarily be designed so
that the user has good access to the groceries than
for the cold to stay as much as possible.

The total volume of the refrigerator concept
was estimated to be in between a normal full
size refrigerator and the refrigerator of a combi-
bottom appliance. The dimensions of wall thick-
nesses and the space needed for the opening
mechanisms and the gaskets were measured to be
used as a point of reference. However, the actual
material thickness needed to insulate for the tem-
perature difference between the different com-
partments was calculated (appendix XVII) and
about 7 mm turned out to be enough for a tem-
perature difference of 4 °C. Because of the space
demand of the gaskets the actual wall thickness
has to be considerably larger, at least 30 mm at
the front surface where two gasket meets. How-
ever it can be narrower inside the cabinet.

When it comes to the rails and the mechanism for
opening the drawer about 5 mm on each side, i.e.
10 mm per drawer is needed.

Different solutions for inset and subdivisions in
the drawers where seen, and the project team
could conclude that a solid bottom surface is pre-
ferred over a grid in order to prevent crumples
to transfer between drawers, and the subdivisions
has to feel rigid to give a high quality impres-
sion. Continuously movable subdivisions along
the x- and y-axis are good from a flexibility and
customization point of view, but their execution
and the feeling of stability and durability as well
as how easy they are to clean are very important
factors for to be premium. However, this is some-
thing out of the project team’s control to secure in
this concept, since that is depending on the final
choice of components and the manufacturing.

Since the chosen concept was a further develop-
ment of the part concept The Professional the
layout with drawers having different climate con-
ditions adapted for various contents was kept.
Also, the extended worktop was considered to
suit the professional expression because as much
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Fig 8.24 Schematic picture over how the distrubution
of cold air can work with dampers if there are three
compartments/zones with different temperatures.

surface to work on as possible normally is wanted
in a professional kitchen. The distribution and
number of drawers, and what food that should be
placed in which drawer was optimized according
to the demands. To make sure all groceries could
be preserved in good conditions there should be
many customized compartments as possible. But
to make the arranging and un/loading of foods
as little effort demanding as possible for the user
and to keep down the heat leakage (which highly
depends on the length of the gaskets) the project
team after many iterations found that three differ-
ent temperature zones and four compartments was
a good trade-off. Because different foodstuffs, espe-
cially fruits and vegetables have different demands
on temperature, humidity and ethylene sensitivity,
compromises were needed to find a suitable group-
ing. Each of the temperature zones should have dif-
ferent boxes or insets for organizing different kinds
of foodstuffs. For example vegetables and meat
should be well separated even though they are stored
in the same compartment and temperature zone.

Another aspect to take into account when distrib-
uting the temperature zones was the airflow in the
refrigerator. The airflow should create a tempera-
ture gradient, from the coldest to the warmest
compartment to allow the desired temperature
differences. The airflow between the compart-
ments can be controlled either by mechanical or
motorized dampers. (Viet, 2012)

S

Many differently tempered compartments may
cause complexity in air distribution and it is a
challenge to control the different compartments
at the right temperatures. The cooling system
(evaporator) should operate upon the compart-
ment that has a largest cooling capacity. For
example, the airflow’s distribution ways could be
arranged as in figure 8.24 in case of three com-
partments with different temperatures.

8.5.4. Interior and insets

Since Electrolux Professional influences the cho-
sen concept the outermost important aspect is
that the refrigerator should be highly hygienic
and easy to clean, and that the components have
a durable design (sec. 5.4). Therefore the interior
parts and insets should be removable and not
have small spaces that collects dust, but be easily
cleaned even in the dishwasher. Those parts that
cannot be taken out should have rounded cor-
ners to be easy to clean with a cloth. Figure 8.25
describes the refrigerator’s drawers and insets.

Insets and interior parts should be designed to
support the user in organizing the food in the
refrigerator and allowing the food to be better
preserved (e.g. avoid spread of odours or dry-
ing out). Referring to the user study too many
insets can feel a bit gadget-like and not premium,
and they might not fit the users needs; it can be
too restricted and the insets end up unused in a
kitchen cabinet. On the other hand without any
insets there will be little guidance for the user of
where to put what and the insets can contribute
to the improved food preservation. Therefore the
project team wanted to keep down the number
of interior parts and if possible make them trans-
ferable between drawers aimed for the same kind
of food. More insets should be possible to buy
from a VIP page. The dimensions of the groceries
intended for each drawer should determine the
appearance and size of each drawer. This to allow
good organization of the groceries and make it
possible to meet the common sorting principles

(sec. 2.5.4).

When designing the interior the semantics of the
parts was considered to let the design commu-
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Fig 8.25: Overview of the concept’s all drawers and insets.

nicate the placement different foods (sec. 8.5.7).
This had a great impact on the visual appear-
ance of the interior during the development - the
choice of colours and material and form.

8.5.5. Food preservation enhancing
technologies

To improve the preservation of foodstuff some
of the features presented in the part concept 7he
Professional was kept, but other discarded since all
of them would not be attractive to the target user
and not fit in the concept. The functions chosen
to be implemented were mostly for fruits and veg-
etables, since these do not have any date labelling
and the durability can be considerably prolonged.

8.5.6. Utilization of the warm air

If placing a fan next to the condenser there would
be a possibility to either lead the warm air from
inside the refrigerator to the side of the product

or lead it up in the top surface. The technical fea-
sibility of the idea was approved by several experts
(Whalby, Viet, Karlsson, 2012). A warm top sur-
face that can reach a temperature of 35-40°C is
good for fermenting bread, when cooking and
having to keep something a bit warm before serv-
ing, or when serving a buffet and having some-
thing to keep temperate. When the project team
presented the idea of the warm surface for Klas
Lindberg, winner of the Swedish chef competi-
tion “Arets kock 2012, he was very positive to the
idea as such, and foremost regarded the surface as
useful when baking bread. He also said it would
generally be very nice to work on. He would
not recommend it for tempering food like but-
ter, since it would melt closest to the surface. But
he, just as another professional chef the project
team asked for a comment to the feature, found it
useful for keeping food warm while cooking and
waiting to serve it. However, he pinpointed that
about 60°C is needed in order to keep food warm
for longer time without increasing the speed of
bacterial growth.
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8.5.7. Educating the user - product
placement

A key issue to solve in the concept was the com-
munication to the user of the intended placement
of foodstuffs in the refrigerator, and the commu-
nication of the temperatures inside. Regarding
food placement the idea was to communicate the
intended placement in several ways to guide the
user and prevent wrong placement. Concerning
communication of temperatures the project team
wanted to do it as consistent and intuitively as pos-
sible, and go beyond only visual digits on displays.

The project team strove to make the placement of
foodstuff as intuitive and little effort demanding
as possible for the user, and therefore elaborated
with both graphics and semantics; colours, materi-
als et cetera. How each kind of foodstuff optimally
could be presented depending on what it can be
associated with was mapped out. An idea was to
communicate placement with light of different
temperatures in the drawers according to the tem-
perature in the drawer, or to use colour coding con-
necting foodstuft with specific drawers. The ideas
of having some sort of learning mode or even aug-
mented reality projections to show what should be
in each drawer were considered. The project team
came down to that the concept should indicate
the intended placement in three different ways; by
information given on the display, symbols showed
on the top edge of the compartment drawers and
by semantics in the way the interiors of the com-
partments are designed.

Symbols

Symbols are often used in freezers printed on
the door or on the drawers to show what could
be placed there and for how long time different
foodstuffs can be assumed to last. This chart, also
called a “zoo-chart”, is often left unnoticed or seen
as a decoration, but could be a good guidance,
especially if the symbols are more highlighted and
one out of three features for placement guidance.
The symbols that would be showed on the top
edge of the opening to each compartment should
display common and characteristic foodstuffs for
the specific drawers. If not printed, these symbols

could be on a display or lit up by LEDs to give a
more premium and remarkable expression. Pref-
erably they should also be colour coded.

Semantics

The semantics of the design of the interior
describes their different purposes and is aimed
to give a hint to the user of the intended place-
ment of food; by its expression, the description
of how it should be used and identification of
what should be stored in it (appendix II Seman-
tics). To find the right semantic expression for
each of the drawers a brainstorming session was
done creating mind maps with associations to the
groups of foodstuffs. In these associations it was
for example considered how the food normally
is presented and with which materials, lights and
textures. Regarding the design and semantics of
the interior, areas intended for the same type of
food should have reoccurring details and material
in common, communicating their belonging. A
summary of findings and ideas regarding the dif-
ferent drawers can be found in appendix XV.

8.5.8. Educating the user -
refrigerator status and temperatures

Regarding communicating temperatures to the
user it is important within two different fields.
On one hand the actual temperature inside the
refrigerator should be communicated allowing the
user to know if it is too hot or too cold to be able
to react on it and to know where to place differ-
ent foodstuffs. On the other hand temperature
communication is needed to let the user know if
cooked food is too warm to place in the refrigera-
tor and to give indications of how long it will take
to thaw frozen food. When developing the com-
munication in these two areas it was important
to be consistent and clear. It was also important
to think of in what way the target user wants the
information to be presented. Louise is not a per-
son very keen on numbers and precise measures,
but rather wants to be informed in an intuitive and
emotional way, and it has to be aesthetically pleas-
ant. Therefore communication should foremost be

through visual feedback with colour and light.
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8.5.9. Interface

In order to be able to give proper feedback and
information, make basic settings and so on the
refrigerator need an interface. Whether it should
have much functionality or if it should be totally
managed from an external device was a big ques-
tion. Even augmented reality and projections of
the needed information was taken up as ideas. An
alternative was to make the display very stream-
lined and only display the most important infor-
mation like the temperature, and let all other
information be accessed from a secondary device
like a smart phone or a tablet.

8.5.10. Form, expression and context

Concerning the environment in which the prod-
uct will be placed, the focus was on the kitchen
the persona Louise might have in the future, and
its appearance based on trend forecasts (sec. 5.2.3)
was considered. Measurements and standards to
adapt for, and the layout of the kitchen were also
taken into consideration. The concept should fit
into a kitchen environment and either be designed
so it can be a completely free-standing unit or
possible to placed by the kitchen workbench on
one or on both sides. If having one side free and
one next to another appliance or the workbench,
it is important to make the free side symmetrical
so it can be switched, i.e. either placed on the left
or right side when installed. Regarding the situa-

tion of use, the interaction sequences presented in
section 5.2.2 were kept in mind and looked over
as an aid when designing the interaction with the
product in order to achieve suitable communica-
tion between the product and user in each situa-
tion.

The refrigerator should have a design that do not
stand out too much in the kitchen environment,
yet is attention drawing and considered as unique
to be attractive to the target user. It should express
professionalism and premiumness and the expres-
sion “classic with a twist” was used as a guideline.
In appendix XVI some early sketches from the
form development process and the form develop-
ment from part concept to final concept can be
found.

8.5.11. Involving more sensory
modalities

The project team discussed different ways of
involving more sensory modalities in the com-
munication between the product and user, to
increase the product experience (appendix II).
Regarding temperature feedback mainly two pos-
sibilities were seen. Firstly the temperature of
the front door of each of the four compartments
could differ to involve a haptic experience. Sec-
ondly, as earlier mentioned, the lighting inside
the compartments could correspond to its tem-
perature.

Devel t
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9. Final Result

In this chapter the final results of the project
- the proposed design concept Pompador -
Is presented and described in detail. First
the product, its design and its functions, are
described together with technical aspects
and some thoughts on manufacturing. Then
follows a description of the interaction with
the product on the display, and the top sur-
face and the signals given to the user else-
where on the products are showed.

9.1. POMPADOR

Pompador is the competent, confident and support-
ive refrigerator. It has influences from Electrolux
products for professional use, but is designed for
the domestic environment in the next coming 10
years. It is made for a person who thinks that the
appearance of appliances is important, is keen on
home styling and highly prioritizes storing the
food to preserve it with the highest quality, just
like Louise. Above all Pompador allows this in a
way that can affect the user to change unsustain-
able habits and start to behave in a more sustain-
able way when interacting with it, and in food
management in general. Pompador is designed to
overcome the unsustainable behaviours related to
how to best preserve different foodstuffs by keep-
ing food fresh optimally until it should be used, if
it is placed in the right zone. It also increases the
users awareness through feedback and support
in for instance thawing and chilling food and
remind of food that soon has to be consumed.
Pompador adds a human touch to food preserva-

tion appliances and is a proposal of how to make
the refrigerator more emotional as a product by
being more supportive and by small details such
as the light that slowly turns on when the product
is waked up and the patterns that can emerge on
the product after thawing food.

The name Pompador grew up along the development
process and suits its appearance and the personality
given the refrigerator. The name sounds confident,
noble and premium, yet smooth and it emphases
premium with “or” denoting gold in Latin languages.

9.2. THE PRODUCT

Pompador has four compartments as can be seen
in figure 9.1, and there are three different tem-
perature zones. All drawers are “touch to open”,
i.e. no handles, and are opened by pressing any-
where on the front. This is beneficial especially for
the drawers at a low level and they can be opened
even with hands full. The drawers cannot be left a
few millimetres open by accident since they have
“soft-close” function making it close the last bit
automatically. The drawers run on rails so they
can go in and out smoothly without any large
force demanded from the user.

At the right side of the product there is a space
for hanging kitchen towels and storing trays and
similar. The glass coated top surface has an inte-

grated scale and a display (fig. 9.3).

Pompador is designed to be placed in a kitchen
island or against the wall with at least one side
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Fig. 9:1: Pompador has four drawers. The left and the bottom ones are chillers, the middle one has normeal
refrigerator temperature and the right one a is a chill compartment. At the right side is the kitchen towel
hanger and the characteristic “flow line* has the function to be the hanger.

Fig. 9.2: Pompador in the kitchen context. Optimally it is placed in a kitchen island, but it can also be placed
L against the wall. The white surface can be mirrored when installed if it fits the kitchen layout better.
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Fig. 9.3: The display (at the front) and the scale is invisible until Fig. 9.4: Size indication of the product.
the refrigerator is interacted with - a drawer is opened, the

surface is touched or something is placed on it.

free, the one with the storage and towel hanger
(fig. 9.2). The white material surrounding the
refrigerator body is designed symmetrical, so that
the towel dryer/storage part can be mounted at
the left side instead if that suits the kitchen lay-
out better. The top surface, the workbench in
immediate connection to the refrigerator offers a
surface to use for loading and unloading of food-
stuff, and to use when cooking (fig.9.4).

9.2.1. Temperature zones

Pompador has a cold compartment, a regular
refrigerator compartment and two chiller com-
partments. The three temperature zones, which
are chosen to be in accordance with the test
standards (sec. 2.5.3) and to offer optimal storage
conditions, are more specifically the following:

» 1°C in the right chill compartment

» 4-8°C in the mid compartment (with the
recommendation to have 4°C) like in a con-
ventional refrigerator

» 10°C in the two chiller compartments, the
left and the bottom drawer

9.2.2. The four compartments

Pompador’s four compartments has different
interiors customized for the intended kinds of
food, both in the ways they are designed and the
food preservation enhancing technologies some

of them features. Pompador’s interior is designed
in such a way that it should be easy to under-
stand what food should be placed where for ideal
preservation, but at the same time offer the user
flexibility and the possibility to to some extent
arrange the food as wanted.

The chill compartment to the right has three
interior drawers (fig. 9.7-9). The uppermost is
for meat and fish and made of stainless steel a
hygienic and professional expression (fig. 9.7).
The white plastic middle drawer is a “buffer box”
for food that has an extended durability if stored
colder (fig. 9.8). The transparent bottom drawer
is for vegetables and fruits that are not sensitive
to chill injuries, wants low temperature and high
humidity (fig. 9.9). Therefore this drawer has,
apart from the special features described in sec-
tion 9.5, a lid to keep a constant high humidity
level (fig. 9.8). When opening the chill compart-
ment the vegetable box comes out completely, the
buffer box half way and the meat drawer has to be
pulled out manually since it would not be used as
often and it is outermost important for the cold

to stay in it (fig. 9.9).

The flexible space in the mid compartment has
two interior drawers; the bottom one for larger
items and high packages and the top drawer that
has to be pulled put manually (fig. 9.5-6). In this
zone the temperature is adjustable. This compart-
ment is designed to be spacious so it can be used
for various kinds of foodstuff, but primarily dairy
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Fig. 9.5-6: The mid compartment with two interior
drawers with high flexibility, the bottom one is for tall
groceries. Both have movable aluminum subdividers.

Fig. 9.7-9: The three interior drawers of the chill
compartment: the meat/fish drawer has a removable
tray/oven form on top. Close up of the buffer drawer,
which has a movable subdivider inside and the lid
. enclosing the humidity in the vegetable drawer is
Fig. 9.10: The bottom chiller for larger things, fruits  also visible. A transparent drawer in the bottom for
and vegetables in the plastic box and there is room  vegetables with a removable plastic box and movable
for thawing food and a wine rack too. subdividers

9.1 9.12

Fig. 9.11-12: The left chiller for bottles, jars and smaller things for quick and easy access..
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Fig. 9.13: All the loose parts; subdividers and insets that comes Fig. 9.14: The vegetable boxes have

with Pompador but can be removed. Transparent subdividers for subdividers which can be moved to any
vegetable boxes (x3), fruit and vegetable box for the bottom chiller, position and transferred between the
white plastic subdivider for the buffer drawer, the metal tray that two boxes. The boxes have tracks on
can be used when preparing meat/fish and storing it in Pompador the sides in the bottom. The subdividers
before itis placing it in the oven and finally the two types of aluminum have feet fitting into the tracks preventing

subdividers for the mid compartments (2x2).

9.16

the subdivider from falling and stabilising
sides towards the side faces in the box.

Fig. 9.15-17: The metallic subdividers in the mid compartment and the buffer box are attached as can be seen
in the figures. These dividers can be moved between specific position in one direction and moved without

restrictions in the perpendicular direction.

products, but also leftovers, other packages et cet-
era. Since flexibility was a high demand seen in
the user study it is also well motivated.

The chiller zone has as mentioned two compart-
ments, the big drawer in the bottom (fig. 9.10) and
the narrow at the left hand side (fig 9.11-12). Since
this temperature zone contains things of very differ-
ent sizes - from big bottles and heavy potato bags to
small jars and stock cubes this division was needed.
Because potatoes and drinks are heavy groceries not
used too often the bottom drawer was customized
for these. The leftmost drawer is intended for things
that normally is placed in the refrigerator door
shelves and should be preserved in about 10°C, like
sauces, bottles, drinks and jars that for instance are
frequently used while cooking, Storing these less
cold and separated from other foods with the high
frequency openings for these items in mind will thus
save energy and not affect the other food stored.

Interior parts

Pompador’s interior consists of boxes that can be
lifted out if needed, and some more easy remov-
able boxes and sub dividers, which either can be
transferred between boxes or are tailored for spe-
cific ones (fig. 9.13). In the meat and fish drawer
there is also a stainless steel tray/oven form, which
can be lifted out and used in the oven or served
from. In the bottom chiller compartment is there
room for a bottle rack at the left side.

The interior has been designed to be hygienic and
easy to clean with parts that can be lifted out and
even washed in the dishwasher. Apart from the lose
insets also the more fixed vegetable boxes, the plas-
tic boxes and the metal meat drawer can be taken
out to be properly cleaned and they have soft and
rounded corners so that they easily can be cleaned
without being taken out. The surface finishes and
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Fig. 9.18: Inside the towel dryer space there is an Fig. 9.19: Corresponding pattern can also emerge on the
embossed pattern. There is also a cavity in the flow  glass surface on the side. This happens when food is thawed

line where the kitchen towels can be hung and the
cavity is for hangnig other things such as utensils.

choices of material also contribute to the cleanabil-
ity. For more details and to see the design of the
interior and insets, please see figure 9.15-17.

9.3. FUNCTIONS

In this section the functions of the product are
described and also the interaction with it.

9.3.1. Towel dryer and warm surface

Pompador has a unique differentiating feature; it
uses the warm air produced by the cooling system
and distributes it either in the top surface or at the
side space of the product. This function makes the
product feel more outgoing and caring and not
just focusing on cooling the enclosed foodstuff but
also caring for the outside and the user.

The warm air from the back of the refrigerator
is by means of a fan directed to the side where
kitchen towels are supposed to be hung and can
dry. This area also serves as a storage space either

in Pompador.

for trays or for the parts of the interior that can be
taken out if they are not wanted to be used for the
moment. Inside the space there will be an irregu-
lar pattern embossed to give the user a haptic sur-
prise feeling (fig. 9.18), which can contribute to
the emotional product attachment in a positive
way (appendix II Design for Emotions).

Towel drying is the default mode, and if want-
ing to have the top surface of Pompador heated
up instead it can be switched by changing in the
display. The project team found it important to
highlight that there is no additional heat produced
for the heating function and to communicate that
the warm air is coming from the refrigerator. This
should be done more clearly in the product with
something like a whirl moving over the glass sur-
faces as the fan is switched to show what happens.

Examples of usage areas for the heated up top surface are:

» fermenting bread

» keeping food warm while cooking or serving

a buffet
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that is reflected in the blank line on the front

Fig 9.20-21: If the temperature of a compartment is too high or low it is shown with a red or blue coloured line

& heat

X

Fig 9.22: This is the first view of the display - all compartments and the present temperature in each. If the
temperature deviates from what it should be the numbers are shown in red or blue.

» it is generally nice to work to work on
» tempering food

» however, keeping food warm should be done
with care since a temperature of 30-40 °C is
not sufficient for keeping food warm safely
(at least 60°C is recommended)

9.3.2.Temperature status in the
refrigerator

Each compartment, apart from the adjustable
mid compartment, has a fixed optimal tempera-
ture. If the actual temperature of any reason devi-
ates with more than one degree it will be com-
municated to the user so s/he can understand and
learn why the deviation has taken place (fig. 9.20-
22). In that way it is possible for the user to react
on it to re-establish the right conditions and to
learn the effect of their actions. Pompador show

deviations with either a red or blue light line that
is reflected in the blank surface on the front of
the drawers, depending on if it is too warm or
too cold inside (fig. 9.20-21). To inform that
the refrigerator is working on re-establishing the
temperature conditions the light will after about
ten seconds be exchanged to white pulsating light
until the drawer has reached the target tempera-
ture, to communicate “work in progress”. When
the temperature is re-established the white light
shines with a firm intensity for a few seconds and
then it turns off. The temperature in each drawer
will also be showed in the default view of the
display with red or blue colour if too high/low
temperature. The refrigerator will always go to
“sleeping-mode” after 30 seconds when not inter-
acted with, except from when the refrigerators
temperature is too high. Then the pulsating light
will be shown on the drawer front until it is okay.
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9.3.3. The display: information and
support to the user

The top surface features an integrated display in
the front corner that does not appear to the user
until the refrigerator is interacted with. The dis-
play is there to give information, educate the user
and to make settings and switch between different
modes.

As soon as the display is activated it shows a sym-
bol of the refrigerator with its four compartments
where the present temperatures in each is displayed
in white numbers if it is the correct temperature
(fig. 9.22). In the default view there is also the pos-
sibility to switch from having the warm air directed
to the kitchen towel hanger at the side or to the top
surface. In the default view there will sometimes
appear a green mark in the mid compartment
representing the EatSoonZone. This green indi-

cation should only be there when there are many
products in the EatSoonZone. There will also be
the possibility to see if there are any notifications
or reminders left by someone else the household
regarding the food in the zone, like if something
should be eaten (fig. 9.38).

When touching on any of the compartments on
the display, the temperatures disappear and colour-
coded symbols representing typical food that each
drawer is intended for is displayed (fig. 9.24). If
pressing again at one drawer it will be enlarged
and a detailed list of suitable foods for the drawer
is accessed (fig. 9.25). If wanting more informa-
tion about specific food placement and preserva-
tion tips and suggestions, or just not wanting to
stand by the product when looking up something,
a search function in an application for secondary
devices can be used. The interface is described in

figures 9.28-9.33.

Mushrooms

Cabbage

Lettuce

Beans

Strawberries

Blueberries

Fig 9.23-25: Apart from the design of the compartments, these are the placement guidances given by Pompador:
The colour coded displays on each drawer with symbols of typical food, the view with the colour coded typical
foods for each compartment in the interface that appears when pressing the first view and the more specified lists
of foodstuffs per drawer shown when pressing one of the compartments in the prior view. The symbols on the top
edge of the drawer light up gradially with a slight delay when the drawer is openend to catch the users attention.

Final Result
inal Resu m



The user is also supported in product placement
by the symbols on the edge inside the drawers as
shown in figure 9.23.

9.3.4 Chilling food support

The top surface of Pompador allows the user to
see if the temperature of food placed on it is too
high to be placed in the refrigerator. There are
IR-sensors in the surface measuring the tempera-
ture in the core of what is placed on it. However,
sometimes like when cooking this might not be
wanted and therefore can the temperature indica-
tion be deactivated in the display, but the default
is that it is turned on. When placing something
on the surface that is too warm to be placed in the
refrigerator, a red spot appear under it (fig. 9.26).
The intensity of the red spot will be the same until
food is cool enough to be put in any of the four
compartments. The reason why the intensity of the
red colour will not decrease as the food is cooling
down is that if the user easily can see that the food
is almost cold enough, the risk is immediate that s/
he will put it in the refrigerator too early. It is bet-
ter to not show any difference between “very hot”
and “almost chilled”, and just allow the user to see
the approximate time left before the food is chilled
when looking at the display.

On the display the temperature of the warm food
is shown and an approximated time until it will
be chilled enough to be put in the refrigerator is
displayed in red digits. When the food is chilled

2h10

Fig 9.26: When placing warm food on the surface a
red spot appears under it and the estimated chilling
time on the display.

to an acceptable temperature for the refrigerator,
the red spot will disappear and all drawers’ edges
will shine in white. The light indications disap-
pear when the food is taken away from the surface
and placed in a drawer. An alarm and/or notifica-
tion can be sent to a secondary device when the
food is ready to be placed in the refrigerator (fig.
9.27). What happens in the display when chilling
food is shown in figure 9.28-29.

9.3.5. Thawing food support

When it comes to thawing frozen food, the top
surface supports it in a similar way (fig. 9.30-
35). To enable to estimate the thawing time, the
surface features a scale. When the surface is acti-
vated, which it is as soon as some interaction/
movement takes place on it, the scale is indicated
with a contour line. By placing frozen food on
the scale, and then on the display choose what
category of food it is (meat, fish, vegetables, soup
or bread), the estimated thawing time (if placing
the food to thaw in the bottom chiller compart-
ment) will be shown on the display. If the user for
any reason does not place the food right on the
scale the blue spot will point towards the scale,
which contour is indicated. The led light line on
the front of the chiller compartment where the
frozen food should be placed is lit up in white to
indicate it should be placed there, and it will also
be indicated with a symbol on the display. If the
food is left to thaw in room temperature instead it

Fig 9.27: When the food is chilled enough a notification
can be recieved and it is indicated with lights on the
fronts of the compartments.

Final Result
| 87



)

Chilled

Fig 9.28: The interface for chilling food. When hot food is placed on the top surface the display shows the
time it will take before it is chilled enough to be placed in the refrigerator.
Fig 9.29: When it is cooled down it says “chilled” on the display and the light on the front is turned on.

wheight

® . 467g
S

Fig. 9.30: The interface for thawing. When frozen food is placed on the scale its wheight is first shown.

Fig. 9.31: Then the user has to choose the food type.

Fig. 9.32: The time for thawing the food is shown and an indicatiion that it should be placed in the bottom drawer.
Fig. 9.33:.When frozen food is placed in the drawer the timer will start.
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Fig 9.34-35: When something frozen is placed on the surface the blue spot indicates that it should be moved to the
scale, whereupon the thawing timer can be set. When tha food type is chosen and the time for thawing the food in
the bottom drawer shown. At the same time the bottom drawer is lit up indicating the food should be placed there.

Fig 9.36: The pattern emerges on the side glass,
piece by piece, each time the user thaws food in the
refrigerator.

could be chosen on the display. Thawing in room
temperature would be faster since the room air is
warmer than in the refrigerator, but it should not
be the default option since it is better from an
energy consumption point of view to thaw food in
the refrigerator. If the user anyway chooses to thaw
the food in room temperature a new time can be
calculated and a blue spot stay under the food on
the surface. This blue spot decrease in intensity as
the foods temperature is approaching the ambient

temperature to disappear when the food is thawed.
If not putting the frozen food in the bottom com-
partment after about 30 seconds and not have
chosen “room temperature”, it will automatically
switch to room temperature thawing.

When the food is thawed according to the timer,
a notification will be sent to the app, and the blue
light that has been gently pulsating on the drawer
throughout the thawing time (if not in “sleeping-
mode”) will shine solid in white.

Every time the food thawing function is used, a
“point” will be gained resulting in an aesthetically
pleasant pattern appearing on the glass on the
side of the product as a bit of a surprise effect,
indicating that thawing in the refrigerator is ben-

eficial and encouraged (fig. 9.19 and fig. 9.36).

9.3.6. The EatSoonZone
The EatSoonZone (fig. 9.37) is a simple solu-

tion, earlier presented as a part function in the
concept The Organized (sec. 8.2.2). It is designed
to help users remember food they soon have to
finish. It is an area in the middle compartment,
which is highlighted with green light, where the
user should place all foodstuffs that soon must be
consumed. For instance, if having three packages
of milk - one that expires tomorrow, one that lasts
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Fig. 9.37: The EatSoonZone is
an area lit up with green LEDs
where the user should place
food that needs to be eaten
soon.

Fig. 9.38: The EatSoonZone is
marked in the display if it is well
loaded. The “I“ denotes there
is a notification for someone
about something that has to be
eaten. The red Idashed lines on
the sides of the refrigerator icon
indicates where the warm air is
directed and it can be swithced
by pressing onit.

Fig. 9.39: The design of Pompador is clear and distinct with architectural lines but yet soft.
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Fig. 9.40: The design cues implemented in Pompador.

for three days and one that lasts for one week,
the one expiring tomorrow should be placed in
the EatSoonZone to indicate that it has to be fin-
ished. The one lasting one week should then be
placed in the buffer box to prolong its durabil-
ity and the one lasting three days placed in the
middle compartment to give it a nice temperature
when consuming it.

The EatSoonZone has built-in sensors that can
detect if a large part of the surface is covered with
items (no light reaches the sensors where some-
thing is covering the surface). Thus it can be
indicated on the display if the zone is very full to
call for the user’s attention (fig. 9.38). The user
can also send notifications to smart phones to for
example remind if there is a lunch box to bring
or to communicate to another member of the
household to use something from the zone. These
notifications can also be indicated on the default
view of the display with a “I” symbol.

94. FORM DESIGN AND
EXPRESSION

In the design of Pompador some of Electrolux’s
explicit and implicit design cues (sec. 5.4.3) was
implemented to achieve brand identification in

the design (fig. 9.40). The overall design has a
clear, strong and simple appearance with architec-
tural lines but yet some softness (fig. 9.39). The
characteristic flow-line can be seen twice at the
right side and has the function of being the towel
hanger. The flow-line is also present as a reflective
marking on the front of the bottom chiller drawer.
The characteristic visible material thickness can be
seen in the entire white Corian part. The white
Corian is also a contrast in colour and surface fin-
ish to the stainless steel refrigerator body.

The choices of materials are made to make the
product “look Electrolux ” and to give the pre-
mium expression strived for. The shiny white
together with brushed metal is also identified
Electrolux design cues used to make it look pre-
mium. The top surface and the left side where
feedback and information are given is covered
with a 3 mm thick glass layer and the top glass
has silver coloured paint under it — an Electrolux
design cue. Lastly, when it comes to design cues,
the big Electrolux logo is placed at a prominent
place. Shapes from the logo can also be found in
the emerging patterns on the vertical glass.

To give an expression reminiscent of the profes-
sional kitchen appliances and to strengthen the
expression of being competent, the refrigerator
body is made of light brushed stainless steel. To
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make Pompador look supportive and to give it the
emphatic and natural Scandinavian expression,
small radii are added on the transitions between
surfaces to make it slightly softer and natural.
The white Corian surface enclosing the refrigera-
tor contributes to this expression by being like a
protective shell around the refrigerator body, and
by having a smooth surface. The open compart-
ment allowing hanging towels and offering stor-
age space is a bonus function that expresses its
caring and supportive personality. The design of
Pompador takes up elements from the kitchen
trends and forecasts, above all the resemblance
with furniture, but is yet classic enough to not be
too trend sensitive.

Pompador can be offered in different combina-
tions of colours and materials, but the project
team suggests a refrigerator body made of brushed
light grey stainless steel, enclosed in a surface of
white Corian. Corian is a trademarked acrylic
material that can be formed into more or less any
shape. Different parts can be seamlessly melted
together, which gives a large freedom and the pos-
sibility to interchange the placement of the side
part when it is mounted. Corian is also available
in recycled material (DuPont, 2012).

Concerning the interior, five materials are used:
clear Polystyrene (GPPS) for the vegetable boxes,
white Polystyrene (HIPS) for the inner liner and
white plastic for the buffer, and flexible dairy
compartments, stainless steel in the fish/meat
drawer and also for the two chiller compartments
and main structure of all compartments. There
are also details as the sticks on the side of the
chiller compartments and the wine/bottle rack
made of black anodized or painted aluminium.

9.5, TECHNICAL ASPECT

To achieve the desired temperature zones and the
needed adjustability (sec. 2.5.3) in the mid com-
partment, it is beneficial to have two evaporators,
one behind the flexible space that also provides
the chillers with cold, and one behind the cold
compartment to the right that is just for that zone.
The evaporator behind the mid compartment can

control the flow of cold air to the chillers with
dampers controlled by sensors. As described in
section 8.5.3, these dampers are used for keeping
the temperatures of the different compartments
at the right degree. The use of vacuum panels in
combination with the conventional insulation
foam can improve the efficiency of the insulation,
and thus the energy efficiency of the product.
Figure 9.42 presents a feasible placement of the
refrigeration technologies.

The warm surface and towel dryer at the side, and
the possibility to switch between them, is ena-
bled through a dynamic condenser (sec. 2.5.1)
with a DC fan which make it possible to change
the direction of the warm air. This fan and the
condenser are placed in the bottom and back of
the product, partly down in the plinth. For the
warmth in the top surface there is a slit in the sur-
face into which the warm air can be directed and
flow in and out to warm up the bench (fig. 9.41).
Concerning the towel dryer, the air can with the
fan be directed to the side where the towel hanger
is located, and the enclosure makes the heat stay
better. The dimensions can be seen in the draw-

ings in figure 9.43.

The temperature indications are possible thanks
to IR sensors in the surface, which not only can
measure the foods temperature on its surface, but
also in its core to allow it to tell whether it is com-
pletely thawed/cooled down or not and how long
it will take. The coloured temperature indications
can for instance be enabled with a thermo chro-
mic glass on the top surface.

Pompador has the following food preservation
enhancing features that keep the food fresh for
longer:

» In the vegetable box in the bottom drawer
there is a mineral filter that reduces the amount
of ethylene gas in the box and also superfluous
humidity, preventing the vegetables and fruit
from maturing and go off quicker. Such a filter
is also said to decrease the energy consumption
of the refrigerator (doppio, 2012)

» The vegetable box, in the cold compartment,
features light of red and blue wavelengths.
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Fig. 9.41: The warm air is directed in the  Fig. 9.42: Suggested placement of refrigeration technologies.
top surface or the side with a DC fan.
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Fig. 9.43: Dimensions of all the compartments of Pompador.
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Fig. 9.44: A simple sketch of the patterned inset with holes for the vegetable box in the cold compartment.

»

This light stresses vegetables so antioxidants
are created and the photosynthesis affected,

prolonging the freshness of vegetables and
fruits. (Wihlby, 2012)

In the bottom of the vegetable boxes an inset
is placed which has a structure with holes to
minimize the fruit and vegetable’s contact

with the bottom surface, to avoid that they
lie in possible condensed water, as illustrated
in figure 9.44. The condensed water, if any
is then collected under the inset, which can
be lifted out and be cleaned. This prevents
the growth of mould and bacteria and the
vegetables and fruits to become rotten.
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» A humidifier is added to the vegetable box
in the cold compartment box to raise the

humidity level.

» In both vegetable boxes there are also humid-
ity sensors controlling the humidity to be at
an as suitable level as possible for the differ-
ent boxes.

» All boxes have sensitive temperature sensors
controlling the current temperature in each
compartment.

9.5.1.Manufacturing and recycling

According to the limitations of the project (sec.
1.1.6) materials, manufacturing and the pre-
respectively post-use phase of the product lifecy-
cle was not in focus of the project. However, the
requirements in the need and demand list were
that the materials used should not be worse than
the ones used today, not harmful and to an as
large extent as possible recyclable. The materials
in contact with food have to be approved for that,
so does paintings and surface treatments.

No materials that are worse from a sustainabil-
ity point of view compared to today have been
added, and most of the suggested materials can
be recycled, if designed for disassembly and if
Electrolux takes their responsibility of the end
of lifecycle phase. The Corian material proposed
for the surrounding white surface could be found
containing 20% recycled material, but currently
not in pure white. Probably there will exist such
a flexible material that is totally recyclable in 10
years, to a reasonable cost. The glass (top surface)
and aluminium (side lines in the pull-out side
drawer and bottom drawer) are premium look-
ing and recyclable materials but which need a
lot of energy to recycle. These materials must be
mounted so that they are very easy to disassem-
bly, to make sure they will be recycled. Further-
more there is a certain degree of uncertainty in
the construction of the top surface and the glass
surface with the pattern on the right side, since it
incorporates new functions and technology used
in a new way. It is important that these technical
components (microchips, sensors et cetera) can
be separated from the Corian and glass surface

since they often contain heavy and precious metals.

The ideal from a sustainability point of view would
be to not use any material at all in the product,
but that is impossible for a physical product. The
product must be able to sell and is supposed to be
aesthetically pleasant and look premium, which
is difficult to achieve without the right choices of
materials. Hopefully and probably will the devel-
opment of sustainable materials make progressions
in the next coming years so to find environmental
friendly materials with the right properties, which
fulfil the demands on a refrigerator, will not be a
problem. An interesting way for Electrolux to go
would however be if they collected and took care of
the materials coming from their own old and used
appliances to create a closed loop of fully recyclable
but probably more expensive and high qualitative
materials. This could be both economically and
environmentally sustainable.

Since the construction of this concept has not
been developed further development and evalu-
ations of its possibilities to be disassembled and
recycled is needed. The insets are however remov-
able and made in one single material each and
their fittings are simply constructed, e.g. a slit in
the sub divider that meets a pointing part made
of the same material as the box it is placed in (fig.
9.15-17). Most of the interiors parts of the draw-
ers can be disassembled by the customers them-
selves and the materials separated. If Electrolux,
or a partner company, would take care of the
whole product when it is broken or discarded, or
replace broken parts in a service system it would

be preferable.

The demands to put on the materials used in this
sustainable refrigerator concept and its construc-
tion is thus:

» Highest possible degree of recyclable mate-
rials, but not at the expense of the proper-
ties and durability of the material since that
could shorten the lifetime of the product

» Parts should be replaceable in case anything
would brake; therefore modularity as in the
interior is favoured. There should be a ser-
vice for replacing parts if needed
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» Not mix materials; all materials should be
possible to separate. Especially plastics usu-
ally contain such a great amount of additives
and are often mixed, why they seldom are
recycled and only used for making energy

» Not use any harmful or toxic glues, coatings
or paints

» Finally Electrolux should through the prod-
uct, the application or an Internet portal
inform the user what to do with the product
when its time in the kitchen is over
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10. Evaluation

This chapter includes evaluations of the
concept and further motivations for how and
why the user would adopt a more sustain-
able behaviour by using Pompador and why
the product will attract the target user.

10.1. HOW POMPADOR
MAKE USERS ADOPT A
SUSTAINABLE BEHAVIOUR

Pompador is designed to change the targeted
unsustainable user behaviours in the identified
focus problem areas. Besides the four key features
that are described in the subsequent sections,
these following functions and general aspects of
the product design also contribute to a change
towards more sustainable user behaviour:

» 'The surface contributes to shorten door open-
ings since it can be used for to place things on
when loading or unloading food, and not hav-
ing to turn to another surface further away.

» 'The scale on the top surface supports and
encourages the user to cook the right amount
of food, and it is convenient that it is always
accessible without scattering the top surface.

» Regarding the total concept the strategy of
value adding design has been implemented
and by offering a product the user will be
more attached to, she will care more for it
and hopefully behave in a more sustainable
way when using it.

The key features to change the target behaviours
and how the suggested functions will do it, will
here be presented one by one in four steps: 1. The
unsustainable behaviour in focus, 2. The three
most prominent barriers, 3. The solution offered
in Pompador and 4. The intervention strategies
foremost used. Regarding the intervention strat-
egies presented related to each function, more
detailed descriptions of theses strategies can be
found in the reference literature (Lidman, Ren-
strom, 2010)

10.1.1. Place food as intended for
improved preservation

A problem existing today is that food often is
badly organized in the refrigerator and not placed
so it is best preserved. Referring to the barriers
listed in section 7.2.1, foremost the following
three lies behind this dilemma:

» Ignorance of best possible placement,

» The refrigerator does not communicate the
best possible placement,

» 'The refrigerator does not offer optimal pres-
ervation possibilities

In Pompador this problem is solved as follows: /¢
has zones specialized for different sorts of food and
multiple ways of communicating the intended place-
ment to the user.

More specifically this is achieved with the spe-
cific temperature zones and the food enhancing
technologies in the different drawers meeting
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the barrier that the optimal preservation condi-
tions seldom are offered in current refrigerators.
Secondly Pompador is designed to overcome the
barriers that the user does not know where to
place food for best preservation and the refrigera-
tor does not communicate it properly. Pompador
communicate the placement to the user with the
symbols and lists in the display, the colour cod-
ing, the symbols on the drawers and the design
and semantics of the drawers (dimensions, form
colours and materials), making it easier for the
user to know what to place where.

Implemented intervention strategies

Regarding the new grouping of food and the tem-
perature zones the force strategy Habit Intervention
and the spur strategy Enbanced benefits are used.
When it comes to communication the primar-
ily used strategies are Simple information from
enlighten; through different ways of directly or
indirectly display of the information, and Enbanced
benefirs through good order and overview.

10.1.2. Encourage thawing food in
the refrigerator

The present problem when thawing food is that
people in general does not know how long it will
take to do it in the refrigerator, which is also hard
to predict when thawing in room temperature.
The awareness of the energy savings made when
thawing in the refrigerator are low, and instead
more energy is consumed, e.g. through thawing
in the microwave oven. The most prominent bar-
riers for thawing food in the refrigerator are:

» Ignorance of the energy savings that can be
made and the time of food to be thawed

» It takes too much time

» 'The feeling of not being in control and not
be sure of the results, resulting in difficulties
to plan.

Pompador can change the thawing behaviour by:
Encourage a controlled way of thawing food and sav-
ing energy without jeopardizing the foods quality.

This is achieved with the interactive top surface
indicating with a blue spot when something fro-
zen is placed on the surface and the timer func-
tion based on the temperature, kind of food and
its weight. The pattern on the side is an abstract
way of visualizing energy savings.

Implemented intervention strategies

The coloured spot when food is frozen is an appli-
cation of Enlighten through interaction and expe-
rience, the strategies Immediate feedback (turns
blue when placed on surface) and Simple feedback
(blue = cold, red = hot) also contributed in this
function; all strategies which enlightens the user.
When placing frozen food on the scale the strategy
Simple information is used by information on the
display letting the user know the thawing time.
Making thawing in the refrigerator the default
option is an application of the steer category. The
entire food thawing control function is an appli-
cation of the Convenience strategy; meanwhile the
way to achieve the “thawing in the refrigerator
behaviour” is through Scripting. Support autonomy
is also used when looking to the long-term use -
the user will learn thawing times based on former
experience from the refrigerator and thus be more
autonomous. The pattern is an application of the
Aesthetics and order strategy and also allows Self
monitoring feedback. Thus the thawing food func-

tion include enlighten, spur and steer strategies.

10.1.3. Encourage chilling food
before placing it in the refrigerator

The current problem regarding chilling food is
that many people tend to place warm food in
the refrigerator affecting the durability of the
food already in the refrigerator and considerably
increased energy consumption. Yet some people
leave the warm food to cool down but forget it
so it is left in room temperature for too long. The
barriers identified to be behind this unsustainable
user behaviour is mainly the following three:

» Inconvenience/lack of time - when leaving the
home or when afraid of forgetting the food in
room temp (too effort demanding to wait)

Evaluation
| 97



» Ignorance if it is cool enough to be placed
in the refrigerator; no indication of the tem-
perature of the food.

» Ignorance of the actual consequences of the
action.

The solutions to the problem offered in Pompa-
dor are: 1o give clear and intuitive indications of

when food is (and will be) cold enough to be placed
in the refrigerator.

This is done with the feedback from the red indi-

cations on the surface and the timer function
described in section 9.3.4.

Implemented intervention strategies

Enlighten through interaction and experience and
Immediate and Simple feedback is used through
the red spot, and the numbers of the tempera-
ture and the chilling time on the display is an
application of Exact feedback, i.e. Enlighten strat-
egies. The indications with light when the food is
chilled enough is mainly an application of Feed-
back - turned on light shows that it is okay.

10.1.4. Awareness of temperature
status in the refrigerator

When it comes to knowing the status of the
refrigerator, how cold it is and where the coldest
respectively warmest spots are, the current prob-
lem is poor feedback on the temperatures and the
consequences of long door openings.

The barriers for having better awareness and
maintaining the right refrigerator conditions are:

» Ignorance of the consequences of actions
(long door openings)

» Delusion of knowing the present and the
suitable temperature in the refrigerator

» 'The refrigerator does not communicate its
(negative) temperatures well

Pompador overcomes these barriers by the fol-
lowing solution: Multiple temperature indications
that are easy to see and understand and possible to
relate to the behaviour with the refrigerator.

Two features constitute this solution, firstly infor-
mation about temperature in each drawer showed
on the display (sec. 9.3.3). This part solution meets
all three barriers. Secondly, there is feedback with
red/blue/white light on the drawer fronts when the
temperature deviates, which meets the barriers igno-
rance of consequences of actions and the refrigera-
tors poor communication of temperature variations.

Implemented intervention strategies

The Enlighten strategies Simple Information and
Enlighten  through Interaction and Experience,
and the Spur strategies Immediate Feedback and
Order and aesthetics with the red light on the front
among the white lights, are examples of DfSB
strategies used in this function.

10.1.5. Use food close to go off: the
EatSoonZone

One of major problem found was that users forget
to consume food in the refrigerator that will soon
expire, and it therefore has to be wasted. Barriers
related to this unsustainable behaviour are:

» High risk of accidentally forget foodstuft

» Deficient communication between members
of household and from refrigerator

» Lack of inspiration

The change of user behaviour regarding this prob-
lem can be achieved with Pompador through:
Providing the user a fixed and clearly visible spot
in the refrigerator that highlights food that has to be

eaten soon - an EatSoonZone.

The EatSoonZone meets mainly the first two bar-
riers mentioned above.

Implemented intervention strategies

The two spur strategies Attention drawing design
and Support autonomy is primarily used. The user
is encouraged to be autonomous and on their
own learn to adapt their food purchases to their
consumption.
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10.2. HOW POMPADOR
ATTRACTS THE TARGET
USER

Pompador has, apart from its overall design and
functionality, some certain features that are par-
ticularly developed with the target user, Louise,
and creating added value for her in mind. These
features are the following:

»

»

»

»

»

»

»

»
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Warm top surface for baking, serving buffets
or brunch to friends (she is very social).

The towel dryer allowing her to dry her
kitchen towels in a smart way.

The patterns, emerging at the vertical glass
surface and embossed inside the towel hanger
space indirectly communicating energy sav-
ings and add an emotional surprise.

The flexibility and possibility for customiza-
tion, through arranging and buying more
insets and customize the theme of interface
or the application.

The feedback and information foremost
given with symbols, light, sound and col-
ours, instead of numbers and text to be more
emotional.

Concerning the four functions particularly
developed to change the user behaviour pre-
sented in section 10.1, these also offer other
benefits for the user like for instance the fol-
lowing.

The guidance for, and the offered improved
food organization together with the food
preservation enhancing technologies offers
better order and overview of the groceries.
The food can be kept for longer in a better
and tastier condition, and the doors can be
opened for shorter times since the food will
be easier to find and better organized, which
the target user likes and can save both time
and money.

With the thawing timer function the user
will be able to better plan and learn more
about thawing times through the support,

»

»

»

feedback and information given by the
refrigerator. S/he will experience being in
control of the process and feel more secure
about the result, which is better conveni-
ence. By thawing the food in the suggested
way good quality can be assured and energy
saved compared to thawing in for instance
the microwave oven. Also, the knowledge
and autonomy will be increased over time if
using the function. The user can then learn
chilling and thawing times so s/he knows
it even when not using Pompador, i.e. the
product includes learning.

The chilling feedback and guidance gives
the benefits that less unnecessary energy
will be wasted and less food damaged in the
refrigerator, because less warm food will be
placed in it, or food will not be forgotten
for too long in room temperature (result-
ing in less food wasted). The guidance and
showed temperature will help educating the
user in how long time it will take for it too
cool down. It will enable planning of thaw-
ing time and together with the temperature
indications on the drawers highlight the
consequences of actions. The user will expe-
rience being more in control and a better
food manager which hopefully will make
her/him more engaged in food management
and find it more enjoyable.

The light communication of temperatures
in the refrigerator creates a “social bond”
between the refrigerator and the user; the
refrigerator starts talking to the user. The
user gets feelings of having good control of
what happens with the refrigerator and also
trust in the refrigerator that it is competent
to take care of the food.

The EatSoonZone helps the user to not have
to throw away old food, which is a great ben-
efit. Since this function is relying on the user
she can feel a greater responsibility and more
in control over the refrigerator contents,
which she is assumed to like.




10.3. THEORETICAL
EVALUATIONS AND FOCUS
GROUP

The results of the evaluations of the final con-
cept from the Cognitive Walk through (CW)
and Product Human Error Analysis (PHEA), the
opinions from the consumer acceptance group
and the evaluation of fulfilment of the need and
demand list is presented in this section.

10.3.1. Evaluation with CW and PHEA
When using CW and PHEA (methods X and X)

for examining three crucial scenarios from a usa-
bility and product-understanding viewpoint - the
thawing food scenario, the chilling procedure and
the organization of the foodstuff in the refrigera-
tor - a few potentially critical events were found.
These were for example unclear feedback if two
events happen at the same time, like thawing two
different things at the same time, or what happens
when wanting to thaw and chill simultaneously.
The potential problems found were either cor-
rected or recommended to undergo further devel-
opment. Example of an adjusted problem was in
the chilling food scenario: If the user would like
to place something hot to cool down on the top
surface when it is heated up, this would obviously
be a problem. Therefore it was added that a ques-
tion would appear on the display when this hap-
pens; if the user wants switch off the warm top
surface when placing something hot to be chilled
on it. The complete CW and PHEA, together
with HTAs for all the evaluated scenarios can be
found in appendix XVIII.

10.3.2. Evaluation with need and
demand list

From the evaluation against the need and demand
list it was seen that the concept overall met it well,
especially regarding the food management and
functionality requirements. The two parts some-
what less fulfilled were the requirements regard-
ing technology and materials. This was however

expected because according to the limitations of
the project these aspects should not be developed
in detail, anyhow demands can be put on them.
Yet some of the requirements could not be evalu-
ated properly without making further user tests.

10.3.3. Evaluation with users

The evaluation focus group participants, who
were persons from the context mapping study,
were positive to the behaviour changing func-
tions, not primarily because they could make
them be more sustainable, but because they could
simplify actions in everyday life like thawing and
chilling food. They liked that the refrigerator did
all the thinking. The participants thought they
would change their refrigerator usage behaviour
to the better when using this product and for
example not placing warm food into the refriger-
ator. They expressed it as a “Big Brother see you”
effect: If the refrigerator knows and tells what
you are doing it might prevent you from doing
wrong. The EatSoonZone was appreciated, espe-
cially if there were several members in the house-
hold. Other appreciated functions were the warm
workbench and the scale.

The words describing the refrigerator’s personality
and the four Electrolux brand values were ranked
on a scale from 1-10 evaluating Pompador, where
all got high ratings; most 9 and 10 and none less
than 7. Some comments were:

Confident:

“It reacts quickly, even before you react ”, “It has
control of the situation”.

Competent:

“It has the expected functionality and contains

even more”. “The stainless steel gives it a compe-

tent appearance’.

Supportive:

“Today the refrigerator does not offer any sup-
Today the refrigerator d t offer any sup

port, but with this it is a considerable difference!”

Progressive:

“The hot and cold functionalities are great!”, “It
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has a very classic look but on the other hand I do
not want a spaceship in my kitchen”.

Empathy:

“It is concerned about you and the environment”

Regarding if the product fitted into the expression
board (sec. 5.4.3, fig. 10.1) it was highly ranked
with comments that the materials were coherent
and a classical look perceived. The concept was

accepted and scored average 8 on a scale from 1-10
how desirable the participants found the product.
To the question if they would buy the product the
answer was more vague, this due to that they would
have wanted to feel it and try it first. For example
if the drawers would come out with good speed,
if the overview would be as good as presented by
the team and if the low placement of the drawers
would be more effort demanding than the height
of a common refrigerator.

~d

Fig. 10.1: Pompador fits with the expression board.
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11. Discussion

In this chapter the project and its results are
discussed. The first section treats the meth-
odology used followed by a discussion of the
user study and its findings. Interesting points
of the concept development is reflected on
before the final result, Pompador, is dis-
cussed from relevant aspects - how likely it
is to change the user behaviour, the potential
improvements of the energy efficiency com-
pared with a normal refrigerator, materials
and sustainability, how it fits the Electrolux
brand and finally a discussion about how it
will attract the target user.

1.1 METHOD

Since the project team started off with a very
open project scope, because of the complexity of
the topic - designing behavioural change, it took
a long time to find the focus of the project to
not be too narrow neither to wide. This time was
however important to get the entire picture of the
studied situation. Nevertheless, the project could
take up speed as the scope was narrowed down
and more focused. Because the project treated a
product concept for the future with many impor-
tant angles to take into consideration and hardly
any restrictions or specific wishes from the com-
pany, the team did not want to make too many
limitations to early. However, it can be assumed
that the final concept could have been more devel-
oped in detail and more evaluated if the target
behaviour to change had been specified earlier in
the process. On the other hand a thorough intro-

duction to DfSB and related fields of research was
needed in order to have knowledge enough to be
able to achieve the goal of the project. This moti-
vates why such a large part of the project had to
be occupied by pre-study.

11.1.1. Planning and structuring

The project team made careful plans of each of
the phases of the project in Gantt schedules, and
complemented these with a daily agenda written
in the morning each working day. Every week was
wrapped up by writing a logbook. In that way
both the long term planning of the entire pro-
ject could be managed, and the execution of every
activity on time assured in the daily plan, and fol-
lowed up in the logbook. This strict yet negotiable
planning and structuring of the project worked
very well and came naturally for the project team.
Moreover it was considered as important in order
to manage the broad project scope in the begin-
ning, to manage it in the set time and not get lost.
However, the time plan did not work out as good
in the final phase of the project as in the rest of
the process. This mainly because major changes
in the design was made very close to the end of
the project. But these changes were on the other
hand very valuable and considered to radically
improve the results why it was worth it.

11.1.2. Data collection

The data collection started of widely, which was
needed in order to be able to narrow down the
project towards the right focus. Since there are

Discussion
102 I



prior research made on refrigerators and designs
for sustainable behaviour, these reports could
be used as references and guidance for what
other data and information that would be ben-
eficial to collect. During the time in Porcia, very
much information from people at Electrolux was
received regarding for example on-going and
past projects on related topics, and study visits
to the refrigerator factory and R&D department
in Susegana and to Electrolux Professional. At
this time the project team was very open minded
and wanted to collect as much input as possible
because of the limited time in Italy, thus resulting
in an overload of information. This was a deliber-
ate choice to be that open and conduct interviews
and to involve many experienced persons. When
having structured and filtered all the data, most
of it turned out very well and to be valuable. The
focus of the project turned to be directed more
towards food waste than solely energy consump-
tion, as the starting point was.

11.1.3. Analysis

The analysis phase incorporated many different
methods, and some of them are more worthwhile
to discuss. The function analysis of the current
refrigerator was done early in the project and
then left unnoticed. Not until the evaluation of
the chosen concept the project team realized how
useful it was and that almost all functions from
it had subconsciously been fulfilled in new ways.
Similar applies for other methods, primarily the
mind maps over information from the research
phase and associations with “premium”. They
were performed early in the project and then not
looked at for a long period of time. Then in the
end the project team realized how much the con-
cept development indirectly had been influenced

by those findings.

The persona was of much help in the project
and frequently used throughout the process as a
sounding board to ask: would Louise like this? To
both describe Louise in words and imagery made
her accessible and useful in various situations and
for various purposes. However, the images chosen
to visualize her could have been even better. But
since they foremost were for the project team to

use internally, the project team considered them

to be good enough.

Regarding the future scenarios one can question
why all four of them have not been more used.
The answer is that the future scenario method
was applied primarily to; based on the PESTED-
analysis, explore possible directions the refrigera-
tor context could take in the future. The future
scenarios served as binoculars directed towards
the future for the project team and was primar-
ily used to inspire in the generative session in the
user study.

11.1.4. User study

The decision to make a large user study was well
motivated by publications of other researchers
within the field of DfSB (Tang, 2010; Selvefors,
Blindh Pedersen, Rahe, 2011). The project team
was very happy with both the set up, execution
and results of the study. The decision to start off
with a mind-opening discussion with some users,
prior setting up the first part of the survey, was
of good help to design the study in a rewarding
way. To perform it as a three-stage rocket (sur-
vey, self-observation and sensitizing booklet and
generative session) allowed the project team to go
from general to specific, from structured to open-
ended and from the present situation to the future
context in a way that enabled both the team and
the participant to be prepared and sensitized to
collect and share valuable insights. The user study
was probably the part of the pre-study bringing
the project the most valuable input. To get to
know and understand the target group, get their
experiences, knowledge and inspiration apart
from findings from literature. It served well to
validate and broaden the assumptions regarding
barriers and problem behaviours the target users
have that the project team set up prior the study.
Moreover the study was very fun to conduct.

Concerning the survey, it was very positive with
so many replies - 133, which was far more than
expected. The number of respondents and the
spread in age and nationalities strengthen the
reliability of the results. Most of the survey ques-
tions gave interesting results, but as always it is
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easy to afterwards see how question could have
been formulated differently to be more valu-
able, even though a pilot test of the survey was
performed before it was spread. For instance 30
% replied with a food product on the question
which energy consuming product that was their
favourite. After all food is also energy consuming
but not in the way the project team meant. The
project team tried to formulate the questions so
the replies could be compared with prior stud-
ies and statistics from various reports to validate
the team’s replies. However these questions, as
for example the questions about food placement
principles, turned out to not be the most interest-
ing ones.

The self-observation using the sensitizing work-
book was good to make the participants aware of
their refrigerator usage, and made a foundation
to the later workshop. One question is though
if the participants during their self-observation
missed out on some parts because the refrigera-
tor usage is highly habitual; that they sometimes
acted without being aware of it. This would have
been solved if for example complementing the
self-observation with a camera mounted in the
kitchen of the participants, recording their actual
actions.

11.1.5. Development

The idea generation and development process was
mostly performed in systematic ways on specified
topics and with morphological matrices, but also
freely and on different levels reaching from tech-
nical aspects, emotional attachment to the target
user and total concepts, individually and in pairs.
The project team believe there was a good balance
and that the process was comparably smooth.
Moreover it was good that several iterations were
made in each phase.

A specific method used for idea generation pro-
ducing good and useful output was the two work-
shops, one with a group of designers and engi-
neers at Electrolux in the concept development
phase and one with two Australian designers dur-
ing the final concept development. The structure
of these workshop were the same; first a presenta-

tion of the project and then were statements and
questions formulation with an adherent back-
ground briefing discussed and sketched on. How-
ever, a too short time was scheduled for the first
workshop and there were several who could not
attend because of the choice of day, affecting the
outcome.

11.1.6. Evaluation

Regarding evaluation methods the mock-up was
the most important method used. The physical
testing made the project team really believe in the
architecture of the final concept, however it also
lead to that some major changes had to be done
to improve the concept. Since the sketch model
was made a long time before the end of the pro-
ject, there was time enough to make the needed
adjustments. The method of using 3D CAD was
a good way not just to visualize the concept but
also to evaluate and methodically try variations of
the visual appearance of it, and to make fine tun-
ings. The method was of great help when in Catia
developing the insets where one solution often led
to implications to the other parts it was interact-
ing to, which quite quickly could be solved in the
program. Some of the parts, like the top surface
was however more time consuming than expected

to make in CAD.

The CW and PHEA was helpful methods to use
when evaluating the interface of the product and
forced the project team to carefully think through
each and every step of the interaction with the
product in the chosen sequences. However, a
CW and PHEA was difficult to perform on the
less elaborated and more conceptual parts of the
product, and the PHEA was considered as not
worth to perform on the “get help through inter-
active guidance” task regarding food placement,
since it would imply a lot of assumptions because
the interface was not defined enough.

When evaluating the final concept with users
only two of five could attend, which is not suf-
ficient for being statistically and reliable material
to present. Their response was anyhow of inter-
est and mainly positive. The evaluation from the

group might have been affected by that the final
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renderings of the concept was not of good qual-
ity. Because they were friends of the team, there
is also a risk that even though they are people
that dare to say their opinion, might have given a
more positive evaluation to be kind. A more vera-
cious answer could have been received if the focus
group was a collection of unknown people from
the target group.

1.2. PRE-STUDY AND
DEVELOPMENT

This part of the discussion treats the project process.

11.2.1. Literature findings

An issue to meet, discovered in theory (sec. 2.5.3),
was that the average refrigerator size has increased
with 15 % 1995-2001 and people keep on ask-
ing for larger refrigerators. At the same time the
project team saw that people buy more food than
they eat and like when their refrigerators are well
filled, i.e. many people fill their refrigerators with
unneeded food just because there is space, and
more food is wasted. On top of that, as also seen
in the trend forecast, the living space in crowded
cities is getting smaller and thus also the room for
the refrigerator. This is a bit contradicting, why
the project team wanted to design a refrigerator
that is smaller than a full size, but larger than a
combined refrigerator and freezer. By dividing
the refrigerator into several smaller compart-
ments the user will not have the feeling that it is
so empty even though it is little food in it.

The project was full of innovative thinking and
idea generation but many of the favourite ideas
that the team implemented in the part concepts
were later on found in internal project reports at
Electrolux and partly in the dissertation by Tang
(2010). It was on one hand side boring to see
that some of “the teams ideas” already had been
thought of, but at the same time it was encour-
aging to see that designers and researchers with
more participants in their studies and more expe-
rience in refrigeration and DfSB came up with
the similar solutions as the team did. If the ideas

that were similar to the project team’s, which were
later found in literature had been found earlier
it might have steered the idea generation process
instead.

11.2.2. User study findings

Survey

Most of the respondents in the survey were
Swedes, but also originating from other coun-
tries. In the context mapping study all five par-
ticipants were from Sweden, which might have
affected the results and made the final concept
specifically adapted for users with a “Swedish
mind set” having common Swedish food in their
refrigerators. These five participants were chosen
to match the target group, but even though the
project team evaluated how similar to Louise they
were, it cannot be assured that they “were 100%
as Louise”. However the team considered them to
be similar enough to be regarded as in the target
group. If the team would have had the possibility
to use a questionnaire and choose from a larger
number of people, even more suitable persons for
the user study might have been found. Neverthe-
less the input from the context mapping was very
valuable, and matched with what the team would
expect Louise to think and to a certain degree
with the findings from literature

Some of the results from the survey were found
more interesting than expected and came to play
a greater roll in the project than anticipated in
advance. As for example how the survey partici-
pants found the personality of their refrigerator.
The result of the survey was in its entirety of great
value for the project and primarily for the rest of
the user study.

Context mapping

The close relationship between the refrigerator
usage and the private life of the users might have
prevented the participants of the study from being
completely honest in what they tell and show. The
project team noticed for instance that some par-
ticipants arranged their food to be clearly visible
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prior taking the photos of their refrigerators they
were asked to hand in (appendix IX). Moreover,
some participants in the user study confessed
that they adapted their refrigerator use behav-
iour when working with the sensitizing booklet.
This was interesting from a behavioural point of
view. The change was probably because they felt
watched, which they also told when coming back
for the consumer acceptance test for the final
concept. The change in their behaviour while fill-
ing in the sensitizing booklet could also be caused
by the fact that they never before had reflected on
their refrigerator behaviour. By this simple exer-
cise they became enlightened.

11.2.3. Concept development

The project was targeted to the European market
but had most input from Sweden since the pro-
ject team is Swedish and the participants of the
study, as earlier mentioned, were mainly Swedes.
The feedback sessions held at Electrolux IDC in
Porcia (Italy) and the workshops and feedback
sessions held at IDC Stockholm however contrib-
uted with opinions, facts, reflections and ideas
from people of different origins than just Sweden.
The project teams time in Italy also contributed
to a more European perspective on refrigerator
usage. However, regarding the behaviour with the
refrigerator it can be considered to be global and
it is primarily the interior of refrigerator and what
is stored in it that differs, why many of the project
teams proposed functions would work globally.

A question the team worked with a lot was how
intelligent and virtual the refrigerator should be
and for example how much the users actually
would like to know about the contents of their
refrigerators. It might be possible to use RFID
and always know what is in the refrigerator, but
would the user want that? When working with a
future concept the result can risk to be developed
so that it in the end mainly does something else
than the intended core function, or that it turns
out to be a cool spaceship that none would like
to have at home. However should a concept be
somewhat futuristic and intangible with the abil-
ity to if wanted peel off a layer or two. This was
one of the reasons why the concept “The Organ-

ized” was rated down, because it was too tangible.

One of the most interesting focus areas for behav-
ioural change was “Planning”. The team believe
that this area might have the greatest impact
regarding food waste but chose to not work on
this focus area because this can as well be done by
another product than a refrigerator. The reason to
why the team discarded this focus area was in the
end due to the question: “What behaviours can a
refrigerator be most effective in changing?”

11.3. FINAL RESULTS

The purpose of the project was to answer the
question formulation stated in (sec. 1.1.2). The
project team believe this question has been well
answered by Pompador, the final product con-
cept. Since Pompador is a concept aimed for the
future treating the rather complex topic of chang-
ing behaviour through design, DfSB, the effec-
tiveness of the concepts behavioural changeabil-
ity cannot be assured without testing the concept
with a functional prototype on real users, prefer-
ably during a long period of time to see if the
sustainable behaviour will remain.

However, when evaluating against the need and
demand list most product requirements were ful-
filled, and also the usability of the product was
considered as high, even though further testing
is needed and some improvements already sug-
gested (Chapter 12). Pompador has many char-
acteristics potential to both attract the target user
and to above all change the user behaviour to be
more sustainable than today. Regarding the aim
of the Master’s Thesis, the final concept is consid-
ered to fulfil it. More in detail how every aspect
of the aim is met is discussed in this part of the
discussion.

11.3.1. Adoption of sustainable
behaviour

Pompador is different from a conventional refrig-
erator and cannot be used as such, therefore the
user behaviour have to be changed. Then the
question is whether it will be more sustainable?
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The project team believe so, even though it have
not been tested, and also the user’s asked believed
they would adopt a sustainable behaviour if using
Pompador. Since the intervention strategy Habir
intervention from the category force (sec. 2.1)
was used, a new and different functionality and
appearance will break the habits of the user and
prevent him/her to act as previously. Especially
since many of the unsustainable behaviours are
habitual, force strategies and particularly habit
intervention can be assumed to be effective.

Since the refrigerator, with current technolo-
gies, is a product approaching the theoretical
minimum of energy consumption, it is difficult
to change habitual behaviours with it without
major changes in the product (sec. 2.1). As Elias,
Dekonick and Culley (2007) suggests to meet the
real user needs in order the successfully change
the user behaviour related to the energy con-
sumption of the product, the project team can be
regarded as having done right when first conduct-
ing the user study, and then developing a product
relatively different from current refrigerators.

On current refrigerators there is normally just
one door and this is opened whatever foodstuff
is searched for. This concept has four openings,
which can be seen as quite a major change, and
hopefully lead to less outlet of cold air and energy
wastage because less is exposed to the warmer
kitchen air when one drawer is opened. The
cold air will also stay better in drawers than in a
cabinet, because the colder air fall down which is
prevented by the structures of the drawer. What
however might happen is that the user does not
know in which drawer the wanted food is placed
and needs to open several drawers to find it. Since
symbols of foodstuft are placed on display strips
seen when opening the drawers, looking for right
placement without looking at the display on the
workbench, might lead to unnecessary drawer
openings. This concept is nevertheless designed
to support the user to keep good order of the
foodstuff. The display on the top surface and the
possibility to look in the application on a smart
phone should prevent the unnecessary openings
of drawers for placement guidance. Moreover,
the foodstuff is intended to be organized in a way

so that things commonly used together, such as
yogurt, juice and cheese are placed together, why
more door openings not necessarily are needed.
Bug, if this really works cannot be assured until it
has been tested in real life situation over a period
of time. However the project team believes that
learn how to use the product should not be dif-
ficult especially if the product comes with a demo
video or similar for the application, of how it
should be used, and because of the predicted high

learnability over time.

Concerning placement of foodstuff and flexibil-
ity, a relevant question is: How much effort can
be demanded from the users? This question comes
down to whether the placement guidance will be
used or if users are too lazy, and it is one of the
reasons why the project team suggests to have the
product placement guidance accessible on exter-
nal devices - people might not want to stand by
the product when looking up something. How-
ever, there is still a risk that users place their food
so its not optimally preserved, but anyhow it will
not probably be worse than today. It is a ques-
tion if the user will be guided enough to adopt
a better behaviour when it comes to food place-
ment in the refrigerator, or if new bad habits will
be formed. What also needs to be further inves-
tigated is if the users’ benefits of good order and
foods kept fresh for longer equals or exceeds the
effort put on knowing good placement. However,
from sustainability point of view it is better for
sure because a smaller volume is chilled to a lower
temperature and almost 50 % of the total volume
is warmer than a conventional refrigerator (sec.

11.5.3).

An example of wrong food placement that might
happen is that milk is placed in the left chiller com-
partment with shelves, where it might seem to fit
well. 10°C might make the milk last even shorter
than to its expiration date. Even today many peo-
ple place milk in the refrigerator door, which is
not good for it. The project team discussed if this
wrongful placement could be prevented by round
markings in the base of the shelf to indicate that
no square packages should be placed there. This
however does not work with milk bottles, with
rounded bases, and there also exist square jars.
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Especially the chilling hot food guidance and the
EatSoonZone are regarded as strong functions
likely to be effective in changing the user behav-
iour because they are so intuitive. The EatSoon-
Zone is a new simple function that can create a
change in behaviour that might endure even if
the function is removed. According to the focus
group evaluation both said that they thought
they would change their behaviour to the better if
using this refrigerator.

When it comes to the chilling and thawing food
support, conventional refrigerators does not give
any help at all, and chilling and thawing was
identified as areas of problematic behaviours
in literature as well as the user study. Therefore
these completely new functionalities, which both
demands very little effort from the user, is very
likely to give a positive contribution to a more
sustainable resource consumption with the refrig-
erator. However, the timer has to be activated
manually and does not start by itself when plac-
ing something warm on the surface, which can be
regarded as too effort demanding or unnecessarily
complicated. This was a conscious choice by the
project team since it was wanted to make the user
feel the temperature of the food, see it on the dis-
play and see the thawing time to be able to associ-
ate it to each other and learn from experience to
know when food is too warm even without the
refrigerators support. Also, sometimes it is not
wanted to set a timer for chilling but just place
something warm on the surface for a while. It is
also possible that the user for some reason do not
want to see any red or blue coloured spots on the
surface at all, why it has to be possible to switch
it off. However, the indications cannot be active
when the warmth in the surface is activated.

When it comes to the warm top surface a new pos-
sible behaviour is that it the user uses it to thaw
food on, quicker than if placing it in the refrigera-
tor. This behaviour would not be worse from an
energy consumption perspective than using the
micro, hot water or thawing in room temperature
as commonly done today. But it is not good for
the food’s durability since it will be heated up on
the surface speeding up the growth of bacteria.
More importantly the warm surface would in this

case counteract Pompador’s thawing functional-
ity. The warm surface might also tempt the user
to keep food warm on it for a longer time, which
would lead to bacterial growth making the food
hazardous to eat. The warm top surface was a
feature seen as important because it is a forward
thinking feature that brings novelty to Pompador
and gives it a more human and interesting per-
sonality. However it should be treated with care
so it does not counteract good behaviours that
Pompador can result in disregarding the warm
surface. At the end of the day sustainable user
behaviour and good food management is more
important than the warm surface. On the other
hand, the warm top surface might lead to that the
product is more loved and therefore more taken
care of and inspires to better food management.

Why the preservation of vegetables and fruit was
so much focused on in the final result is not a
coincidence. Because of the big reliance on date
labellings the project team realised that focusing
on the preservation of vegetables and fruits was a
good idea, and vegetarian food was identified as
the most commonly wasted. Also, the meat indus-
try is the by far worst sector of the food industry
from a sustainability point of view, which support
the focus on enhanced vegetable and fruit pres-
ervation. It is also a way to encourage vegetarian
food consumption. However, because of compro-
mises one of the vegetable boxes meant mainly
for fruits had to be placed in the bottom drawer
where the accessibility is low.

11.3.2. Usability

Looking at the usability of the refrigerator concept
the team would state that it is relatively good, espe-
cially the fact that it supports learning. Out of the
ten design principles by Jordan (1998) (appendix
IT; Usability) most of them were considered and
met, just a few were not elaborated on. The inter-
action with the product is made to be intuitive and
quick to learn (Design rule: Explicitness). Similar
tasks are presented in similar ways (Design rule:
Consistency), as for example frozen and hot food
management where both are placed on the surface,
can be connected to a timer, get alightaround them
presenting its temperature with colour (Design
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rule: Feedback). The red light is always used for
hot and warning and blue for cold. Feedback is
in general given to al larger extent than in today’s
refrigerators; on temperatures with numbers and
coloured light and from the Eat-soon-zone and
from the chilling/thawing timer.

Regarding the display; information can be easy
accessed using few steps to reach what is wanted
(Design rule: Prioritization of functionality and
information) and the information of placement
of foodstuff is described in several different,
redundant and visually clear ways (Design rule:
Visual clarity). However it can be discussed how
willing the user is to interact on it when using the
refrigerator and if it would be more suitable to
move more or less of it to an external application.

The placement of foodstuff might be some-
what difficult in the beginning and more effort
demanding than when using today’s refrigerators,
especially when it comes to the correct organizing
of vegetables and fruit. The user has to be moti-
vated to learn how it should be arranged in order
to do right. This concept has however good learn-
ability, meaning that the users will rather quickly
learn where they place their common foodstuff
and after a short period of time not have to look
up placement more than for few new groceries.

Another question is if the user will understand
that the heat transferred to the workbench and
side is actually coming from the refrigerator, as
waste energy from the cooling function. If this is
not understood the user will think that this func-
tion is an energy consuming function, which will
make the refrigerator look bad, effecting its seman-
tic expression to give it a hypocritical personality.
It is possible that this connection has to be better
explained, either by using descriptive semantics or
by marketing the product as a “heat-transition-sys-
tem” where both cold and heat is used.

11.3.3. Estimations regarding energy
efficiency
There is a difficulty in getting a high energy classi-

fication in the standard tests and at the same time
have several different stable temperature zones

which are well suitable for the food, since that is
not the type of refrigerator that the tests initially
were designed for. The standard test is criticized for
being unrealistic since it does not represent usage
of the refrigerator. Still the labelling is relied on by
many people when buying a refrigerator, and com-
panies can therefore generally not sell refrigerators
with lower energy class rating than their competi-
tors. It might be possible that less energy could be
consumed if using a refrigerator with slightly lower
energy class rating where less food was wasted and
hot and cold food management improved, but this
would have to be calculated on and tested. Because
of the criticism towards the standard efficiency test
it might be changed and improved in ten years.
But if the energy class rating could not be as high
as on an ordinary refrigerator one idea could be to
change the name of this concept from a “refrig-
erator” to something else to make it attractive to
the market. In that case could the specific standard
fridge temperature zones also be disregarded and
temperatures set freely.

Just a little difference in temperature settings in
the refrigerator result in a rather big difference in
energy consumption (sec. 2.6.4), why it is moti-
vated to increase the temperature for the food that
does not need very cold preservation as is done in
the chiller compartments of Pompador. If the tem-
perature in refrigerators in main would be set just
a few degrees higher it would result in a large dif-
ference in energy consumption from households.
But on the other hand the food in it would go off
quicker, which would lead to increased food waste
that is not a wanted consequence. That is why the
chill compartment of Pompador meets this poten-
tial problem and offers preservation for food with
demands on both high and low temperature.

The ideal to make more cold air stay in the draw-
ers they should have higher sides. But this would
be very bad for an ergonomic and handling point
of view and also for the visibility. The project
team believed that the accessibility was of great
importance for to make the concept attractive to
the target group, and if the sides had been higher
it would lead to lower accessibility and overview,
and the user might then not have wanted to buy
the product.
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Table 11.1: Energy consumption estimations.

( Y
The concept Size as the concept but 1
Pompador compartment at 4°C, as a
normal refrigerator
(1) Maximal yearly energy consumption of the | 84,5 kWh/year | 94,5 kWh/year
refrigeration technology to be approved as A++
(2) Heat load* 96 W 46 W
(3) Energy savings from increased operating 13 %**
temperature
(4) Additional energy consumption from 1,4 %**
decreased operating temperature
(5) Additional energy consumptions from 11 %**
placing warm food in the refrigerator
(6) Energy savings from thawing food in the Up to 26 %**
refrigerator
(7) Door openings >0,12 % <0,12 %
\ J

*Heat load is the total heat leakage in the refrigerator and depends on factors as the length and conditions of
gasket seals, the leakage through the walls (i.e. the insulation and the construction) and holes (for cables and

screws) et cetera.

** Of total energy consumption

Table 11.1 summarizes the assumptions made
regarding the energy consumption of the concept.
Since it is a future concept and not any decisions
on particular models of refrigeration technologies
et cetera are made, the values are very approximate
and based on assumptions and calculations based
on standard formulas. The final concept is com-
pared with a reference product, a refrigerator with
one cabinet of the same dimensions as the concept
but with only one temperature of 4°C. The reason
why not an existing refrigerator is compared with
is because declared values of energy consumption
take more aspects into account than the project
team can do in the approximations for the con-
cept. So in order to make a fair comparison the
concept is compared to a theoretical refrigerator
to eliminate the influence of factors not taken in
to consideration for the concept. However, to give
an idea of the consumption of a good refrigerator

currently on the market, there are A+++ refrig-
erators (i.e. the highest energy efficiency class) of
280 litres which consumes 124 kWh/year (0,3
kWh/day). The declared energy consumption of
an A++ refrigerator can for instance be 158 kWh/
year. The reason why it its so much higher then
the 94,5 kWh/year in the table is because it is
measured in test and not calculated. Thus more
factors such as heat leakage are included in con-
trary to the number generated from the formula.

Description of the table

The values of (1) are calculated from the formula
for energy efhiciency classification (appendix
XVII) and the maximal yearly energy consump-
tion to be approved as A++, disregarding factors
such as user behaviour and heat leakage.
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(2) Shows the assumed heat load, i.e. the cooling
capacity needs to cover up for. The cooling capac-
ity in turn depends on the efliciency of the tech-
nology (the compressor, the condenser and the
evaporator) and the efficiency of the technology is
normally about 75 %. The difference between the
concept and the reference depends on the length
of the gaskets, based on a leakage of 2,13 W/m
(Viet, 2012). The numbers are very approximate
but give a hint of the impact. Since the concept
has almost twice as long gaskets (48%) as the
reference refrigerator its heat load is accordingly
higher. The gasket leakage can be approximated
to stand for about 15 % of the total heat load.
However, since AT is different between the differ-
ently tempered compartments in Pompador, the
heat load from the gaskets will consequently also
differ which is disregarded in these approxima-
tions (appendix XVII).

Based on the volume operating at a 6°C warmer
temperature in Pompador and the approximate
6 % energy savings (ISIS, 2007) made when
increasing the temperature the percentage of (3)
is calculated.

The percentage in (4) is calculated in a correspond-
ing way but for 26 % of the total volume operating
at a 3°C lower temperature (ISIS, 2007).

The numbers of (5) and (6) are found in literature
(ISIS, 2007; Tang, 2010)

The effect of door openings (7) is found in the
report by Stamminger (2011) The lowest declared
value of effect of door openings from their study
is 0,12 %. Since the effect of door openings on
the energy consumption are highly dependent
on the exposed volume and the ambient tem-
perature, and a considerably smaller volume is
exposed to the ambient temperature each time
and the drawer structure prevents the cold inte-
rior air from being exchange with the warm air,
the effect can be assumed to be even smaller, i.e.
>0,12 % and therefore disregarded because of its
insignificance.

However, all these numbers of the impact of
user’s actions with the refrigerator are very general
indications. The exact numbers depend on many

factors and especially which particular refrigera-
tor and its cooling system, that is used. Neverthe-
less the project team believe that it gives a rather
fair indication of that for instance thawing food
in the refrigerator can save very much energy if
done on regular basis, and that the impact of a
decreased operating temperature is smaller.

Comments

Due to the several different compartments of
different temperature the cooling capacity of
Pompador has to be more energy efficient than
a comparable normal refrigerator to be classified
as A++. The biggest challenge in a further devel-
opment to assure an A++ classification would be
to reduce the impact of the heat load from the
gasket seals. New improved gaskets seals are then
needed. It would not be enough to improve the
insulation because then would the gasket leakage
correspond to an even larger ratio if the total heat
load. With current design of gasket seals together
with conventional refrigeration technology Pom-
pador would not pas the test as an A++ refrig-
erator. However, there are new far more efficient
technologies coming and the vacuum panels ear-
lier mentioned would contribute to a decreased

heat load.

What is not measured in the standard test is the
influence of (3), (4), (5) and (6) in the table,
which would radically decrease the energy usage
of Pompador compared to a comparative normal
refrigerator.

If summarizing the values presented as percentages
of the approximated effects of user behaviour on the
refrigerators energy consumption, it can be seen that
based on these numbers with the functions of Pom-
pador the energy consumption can be decreased to
65 %, but with the one cabinet refrigerator without
the supportive functions the consumption would
increase with 11 %. In addition to that come the
positive effects of the better organized and preserved
food and the eat zone soon potentially leading to less
food waste. Also, the fact that the food preserved in
Pompador will not suffer from the negative effects
of warm food loaded in it, affecting its durability in
a negative way.
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So to conclude, the concept Pompador is demands
higher cooling capacity than a refrigerator with
one single cabinet. But, this is disregarding the
improvements made concerning user behaviour.
Taking user behaviour into account the difference
is more evened out compared to a conventional
refrigerator. With the improved refrigerator tech-
nologies, gaskets and insulation that are under
development the future of the energy efficiency
of Pompador is anyhow hopeful.

11.3.4. Technology and material

To make the warm surface possible to switch on
and off (from/to the towel dryer side) a more
energy consuming technology had to be used - the
dynamic condenser with a fan. The choice to have
the warm surface in the concept despite its not
obvious connection to sustainable behaviour was
because the it considered as innovative, novel and
a fun feature and met by very positive feedback
from people at Electrolux. Also the asked profes-
sional chefs, the people at the evaluation focus
group and other random people spoken with very
much liked the function. The team thought that
if the function it was so well met the target group
might also like it.

When it comes to sustainable materials and
how to at the same time create a premium
looking and a not too expensive product, it
creates difficulties. Since new materials come
to the market continuously, there will hope-
fully be better alternatives offered in a couple
of years. Since this is a project about sustain-
ability and a concept designed for sustainable
behaviour the product has to be sustainable in
itself and the choice of material cannot be dis-
regarded even though being out of the scope of
this project. Therefore the project team want
to pinpoint the importance of carefully looking
over the most sustainable choices of material
having the desired characteristics if developing
this concept further. When it comes to recy-
cled materials they have, as earlier mentioned,
often less good material properties and can
be less durable. Using less durable materials
would lead to shortened lifetime of the product
which is not desirable. Therefore it is a balance

between making a durable long lasting product
and making it completely recyclable.

Another earlier mentioned drawback when it
comes to recycled materials for refrigerators was
the difficulty to ensure the hygienic factor. The
white Corian material surrounding the main
refrigerator body and therefore used to a great
amount in the concept, is not in direct contact
with food and could therefore, without great
problems regarding food contact hygiene, be
made of recycled plastics.

What however always is important no matter of
what materials used, is the matter of disassembly
and also if the company can take care of their old
product’s materials to create a sustainable loop.
This is something the team wants to encourage
Electrolux to work on and to be clear in the com-
munication to the users about.

11.3.5.Pompador’s relevance for the
Electrolux brand

Electrolux is a premium brand and Pompador is
designed to have a premium expression. How-
ever, being perceived as premium is very depend-
ent on the final execution of details, something
that is partly out of control of this conceptual
project. The choice of material becomes impor-
tant and the tactile feeling of robustness, the
smoothness and speed when the drawers are
pushed out should “feel right”. A good service
system and upgradeability is associated with pre-
mium products, i.e. the total brand and prod-
uct experience. These are factors that have been
thought of through out the project, but the
concept is yet too conceptual to make sure they
will be executed in a way achieving the premium
expression sought for.

Important for the Electrolux brand is to elaborate
on and strengthen its connection to professional-
ism. By highlighting this in Pompador with the
approach to enhanced food preservation and the
precise yet emotional control the professional and
sustainability profile of the brand can be strength-
ened on the cold preservation side of appliances.
A difhculty was however to mix the professional
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expression and functionality with a domestic and
more soft emotional expression from the Scandi-
navian and emphatic values in the same product
in a natural way, attracting Louise.

More importantly, Pompador can contribute to
strengthen Electrolux profile as a pro-environ-
mental brand caring about the user by offering
it in their product portfolio — it shows a, for
Electrolux, new way to look at eco-design. Pom-
pador is a good example of how user centred
design with focus on sustainability can encour-
age innovation, referring to what was stated in
section 2.3.2.

11.3.6. Is Pompador attractive to the
target user?

The persona Louise is an emotional person and
this was kept in mind when developing the
concept. Information not needed or wanted at
the moment is not visible or communicated in
an intuitive or emotional way, e.g. in colours
instead of numbers. A balance to find was how
much colours and light that could be incorpo-
rated into the concept without disturbing the
aesthetically appearance and get the expression
of an 80’s disco, but keep it tasteful and clear.
The for a long time favoured idea of using dif-
ferently coloured light inside the refrigerator to
communicate different temperatures was there-
fore left. The reason was, besides the fear of
using too much coloured light in the concept,
which it would be too difficult for the project
team to evaluate how it would be like. The food
might look unappetizing and the appearance of
the light would be dependent on the lighting in
the room it is placed.

The project team believe the warm top surface
adds value to Louise with emotional benefits -
supporting her social lifestyle when for example
dining in the kitchen and enhancing the expe-
rience of food preservation and management.
It is a feature which makes the product unique
and something to talk about with friends and
can therefore be regarded as an application of
the strategies Attention drawing design and Value add-
ing design, which might lead to the spreading of

sustainable refrigerator usage and a point of sales
for Electrolux.

Since Louise is a trendsetter she likes having
products that are new and different, and that is
what Pompador is compared to existing refrig-
erators. She could be the first of her friends to
have sustainable refrigerator behaviour and feel
unique and smart when using the refrigerator
heat in a clever way and thawing food knowing
she saves energy. The form design was of great
importance to make Pompador look unique
and be a product people talk about in contrast
to the anonymous approach most have to their
refrigerators today. Pompador has a more fur-
niture like approach in its design rather than a
classical white goods design, which was seen as
a coming trend on the market, This also make
it differentiated from other refrigerators, and
Louise is attracted by products that are unique
and different without being extreme. However,
the layout of the product has a downside; draw-
ers on a low level do not offer good ergonomics
for tall people. But when it comes to full height
refrigerators shelves on low levels are not good
either, they are even worse when it comes to
loading, unloading and overview. Convenience
is important for all people and some might dis-
card this refrigerator because of the expected bad
ergonomics. But on the other hand the overview
of food is much improved, it is easier to keep
good order and the drawers at the higher level
are very accessible.

For the target group uniqueness, organization,
a healthy life-style, high quality and premium
appliances, socializing, experiencing new things
and self-expression are important. Pompador
meets many of these factors by for instance the
unique appearance, the top surface, the new way
of food management, the improved organization
of foodstuff and the possibility to customize the
interface. Pompador is also a product that involves
more sensory modalities in the communication
with the user and an enhanced experience when
using it. This is achieved for example with the
pattern that can emerge on the vertical glass and
the hidden tactile pattern which surprises inside
the towel hanger space. The target group will
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probably find this attractive since it makes her
product special. The ability to even more custom-
ize the product was discussed and for example a
system where the exterior of Pompador could be
connected to a service where it could be changed
and updated. The team however discarded that
idea, due to its complexity, since it would increase
the demand of material used during the product’s
life cycle and due to the fact that it might not be
used and not be perceived as premium. The team
found it better to focus on a “classic look with a
twist” to make it stand out.

Discussion
n4 I



2. Conclusion

The goal of this Master’s Thesis Project was to
develop a product concept answering the ques-
tion: How can an attractive cold food preserva-
tion product be designed with a meaningful
added value, where the good usability makes the
user utilize its technological potential in an opti-
mal way, resulting in a more sustainable behav-
iour?

The goal has been achieved and the question for-
mulation answered through the final concept,
Pompador. Pompador offers an improved way of
preserving food and raises the users’ awareness
of storage conditions and energy consumption.
Pompador enlightens the user of the consequences
of the unwanted target behaviours. Thanks to the
improved feedback on temperatures and the sup-
porting features with high usability for thawing
and chilling food, a convenient way of managing
it with a more sustainable behaviour is encour-
aged, and unnecessary food and energy waste
avoided. The design and the multiple commu-

nications of the correct food placement enables
the user to preserve food better and therefore
potentially waste less. To ensure that food will
be consumed before going off, Pompador offers
the intuitive EatSoonZone supporting the user to
remember food before it is too late.

The total design of Pompador expresses Elec-
trolux’s brand and design values, and responds
to the target users preferences. The warm surface
and towel dryer are new unique features that con-
tribute to make Pompador forward-thinking and
different in a way that matches Electrolux profes-
sional heritage and gives emotional benefits to the
target user.

The project team hopes that this product con-
cept has inspired Electrolux to focus more on
the sustainability of the use phase of products in
the design and development, and wish that they
would challenge the competition with at least
some of Pompador’s functions in the future.
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13. Recommendations

Since this project has resulted in a con-
cept that is for the future, mainly focused
on changing the user behaviour to be more
sustainable, there are some aspects that
need to be further developed and/or tested.
The project team has constituted this list of
recommendations of aspects to consider if
continuing the development of Pompador.

»

»

All behaviour changing features such as the
feedback with light on drawers, the thawing
and chilling support and the different means
of communicating product placement
should be tested in user tests on a functional
prototype for a period of time for the effec-
tiveness to be validated and the function-
alities to be optimized. More specifically it
is recommended to evaluate the worst-case
scenarios of wrong placement of food in the
refrigerator to see if it can affect the foods
durability in a worse way compared to cur-
rent refrigerators.

The thawing and chilling timer functions
has to be developed more into detail so they
work when several events take place simul-
taneously (see HTA in appendix XVIII).
In this state there is no solution for how to
use the two different timer functions at the
same time and the chilling function is not
functional when the warm surface is active.
Thawing is possible, but not chilling, and
this is recommended to find solutions for.
Also the particular technology for the tem-
perature indications, whether it should be
thermocromic glass/paint or LEDs or a dis-

»

»

»

»

»

play reacting on data from sensors.

The particular sound of the timer signal is
important. It is recommended to make it
very pleasant and not aggressive or irritat-
ing. Both how and when and with what fre-
quency it should sound should be evaluated.
For example could it be an alarm if too warm
food is placed in the refrigerator. However,
alarms are recommended to treat with care,
since they can be very annoying.

That the heat used for drying towels and
for warming the top surface is produced by
the refrigerator when cooling the refrigera-
tor interior, and not generated additionally,
should be communicated to the user in a
clearer way to show the “direct use” of the
heat.

The choice of materials should be looked
over carefully to find material with the low-
est possible negative environmental impact
and high recyclability. That the parts are
mounted for disassembly should be ensured
and as use of the most energy efficient tech-
nology possible to all functions.

To further expand the connection to the
consumers and increase the product sustain-
ability, a well-developed service program
is recommended. In this program should,
apart from service of the product if anything
would happen, for instance upgrades of the
software be offered.

Related to the service system a VIP-portal on
the Internet, just as there is for Electrolux’s
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»

»

professional products, is recommended. This
portal should offer the possibility to order
additional insets such as special cheese boxes
or water containers specially designed for
Pompador. These additional features could
also come in limited editions or be designed
in corporation with different brands or
famous designers. Other features of the VIP-
portal could be the possibility to download
new themes for the interface, to share and
access recipes and food preservation sugges-
tions from professionals et cetera.

The look of the interface should be improved.
Now has mostly existing symbols been used
and little effort been put on the graphic
design, choice of colours etc. Another idea
to investigate is if the earlier mentioned
application for external devices should be
developed to incorporate more of the func-
tionalities of the display so that the display
on Pompador could be more streamlined or
even removed.

The application could possibly also involve
food-planning aids, since bad planning was
identified as a great contributor to food waste.
The applications could help people to plan
grocery shopping and how to use groceries
about to go off. Similar applications already
exist, but the project team recommend Elec-
trolux to develop an own for the product with
the possibility to be used with more Elec-
trolux products. Make it fun to plan!

» An introduction demo video/augmented

Recommendations
I n/

reality projection or some sort of movie
introducing the product and its function

should be developed to be displayed for the

»

»

»

»

user prior the first use. This demo should
highlight the most important functions
from the sustainable behaviour point of view
and above all explain the product placement
and how more information about it can be
found. There could also be a learning mode
in the product, giving the user more guid-
ance in the beginning, or even magnets or
stickers for the user to put on the fronts to
show what should be in each drawer until
the user, especially children, has learned it

by heart.
There should also be a “child lock” on the

drawer so that small children or the dog will
not accidentally open them, since they are
push-to-open. This lock should easily be

managed from the display or application.

For vegetarians and people who of any rea-
sons do not eat meat, it is reccommended to
offer an additional fruit and vegetable drawer
to replace the fish/meat drawer with. There
should also be a special “vegetarian edition”
of the interface without the animal prod-
ucts. Regarding the interface, the project
team recommend to develop some different
versions and settings for different geographi-
cal regions. For example do the characteristic

foodstuff symbols differ locally.

If Pompador would be sold outside Europe
it would be important to develop an inter-
face that is suitable for other countries food
cultures and languages.

All interior parts that are possible to lift out

should be developed to be able to clean in
the dishwasher.
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APPENDIX |: User behaviour

In order to change users’ behaviour it is needed to
have an understanding of how behaviours arise and
what the influencing factors are, or as Klockner and
Blobaum (2010) puts it: “Understanding, explain-
ing and changing human behaviour are the main
objectives of psychology in general”. Behavioural
and social psychology is a large field of science on
its own, and therefore will only some important facts
and models be briefly presented in this report. In
psychology are human behaviour often divided into
internal aspects, such as attitudes, values, habits and
personal norms, and external aspects, like incentives,
institutional constraints and social norms. In addi-
tion there are also the key influences, which do not fit
into these two categories, and therefore often missed
out in models of behaviour (Zachrisson and Boks,
2010). These casual influences are important to fo-
cus on because they are active when the user inter-
acts with a product, and have thus to be considered
in design for behavioural change. There are many
models attempting to include several of the men-
tioned influences, but these are often too complex to
be effective. Triand’s theory presented by Bhamra,
Lilley and Tang (2008) is one of the more successful
models including several influences.

How the user act depends on what intentions and
habits s/he has and what is in the control of the user
(Bhamra, Lilley and Tang 2008). According to An-
dersson’s theory three stages of the development of
cognitive skills can also be identified, these are the
Declarative stage when facts about the skill domain

3 Elements of
behavioural change

are interpreted, the Knowledge compilation stage
when knowledge is converted into procedures that
can be applied without any further interpretation
and the Procedural stage, which is where the pro-
cesses can be speeded up because the knowledge is
applied more appropriately (Zachrisson and Boks,
2010).

Intentions are made up by three factors. The first is
the users’ attitudes, which in turn depends on what
knowledge and beliefs they have. Secondly are so-
cial factors, such as norms, roles and self-concepts.
Lastly there is the affect, which depends on emo-
tions. (Zachrisson and Boks, 2010) Emotions can be
elicited by products and also depends on the context.
Habits are formed depending on the frequency of
past behaviour, and it is important to point out that
habits are only one of several factors affecting the
behaviour (Zachrisson, Boks, 2010). Triand’s theory
also encompasses strategies for changing behaviour
ordered on a scale from “user in control” to “product
in control” and can be found in figure Al 1.

Another model explaining behaviour, which is easier to
grasp but has been criticized for being too simplified,
1s the Comprehensive Action Determination Model
(CADM) by Klockner and Blobaum (2010), fig2. The
model is based on three theories (the theory of Planned
Behaviour, the Norm-Activation model and the theo-
retical concept of habit and Ipsative Theory of behav-
iour) and aimed to remove the limitations and to create
a model including external as well as internal factors.
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(Zachrisson and Boks, 2010). The CADM explains that
individuals’ sustainable behaviour is directly determined
by influences from three sources, namely habitual, inten-

tional and situational. (fig; AL.2)

When looking into the theory of planned behav-
iour, where cognitive self-regulation is an important
part (Ajzen,1991) there are some critical issues to be
aware of. Intentions are central also in this theory,
and Ajzen (1991) defines intentions term capturing
the individuals’ motivational factors influencing the
behaviour. That is an indication of how much effort
the person is willing to put down in order to perform
the behaviour. Thus stronger intentions imply higher
likelihood to perform the intended behaviour.

Ajzen (1991) also presents the old idea of that behav-
toural achievements depends on intentions (i.e. mo-
tivation) and behavioural control (ability). The per-
ceived behavioural control plays an important role
since if not the opportunities available to a person
indicate the likelihood of a behavioural achievement,
the behaviour will not probably be achieved. There-
fore perceived behavioural control together with be-
havioural intention can be used directly to predict
behavioural achievements (Ajzen,1991). However, in
different situations and applications either perceived

Habitual
Processes 3
- o

B

Normative
Processes
. Intentional

Processes

Situational

Influences

T

Ecological
Behaviour

behavioural control or intentions can be more sig-
nificant for the behaviour prediction, and sometimes
only one of the predictors are enough (Ajzen,1991).
As an example and a general rule it has been found
that when behaviours do not pose any serious prob-
lems of control they can be predicted from inten-
tions with good accuracy, for instance when having
choice among a set of alternatives (Ajzen,1991).

Intentions are made up by three independent de-
terminants according to the theory of planned be-
haviour. First is the attitude towards the behaviour,
referring to the degree of favourable/unfavourable
evaluation of the behaviour. The second predictor is
the subjective norm, which is a social factor referring
to the perceived social pressure. Finally there is the
degree of perceived behavioural control referring to
how difficult or easy a person perceive the perfor-
mance of a behaviour. Each of these three predic-
tors can also be regarded as a point of attack in at-
tempts to change behaviour. (Ajzen,1991)

A rule of thumb is that the more favourable the at-
titude or subjective norm is towards a behaviour, the
greater the behavioural control is and the stronger the

individuals’ intentions to perform the behaviour are.
(Ajzen,1991)

Fig.Al.2: The CADM model, (Kiéckner and Blébaum, 2010)
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APPENDIX [I: Product experience - sensory perception

In order to influence users’ behaviour there are
several different interrelated factors which affect
how the user will act and how s/he will experience
a product. In the context of product use, the user
through stimuli perceived by the sensory modali-
ties experiences the product. These stimuli can elicit
emotional reactions and result in different kinds of
behaviours. Thus, the usability, the semantics, sound,
touch, smell, looks and taste of the product together
with the concerns of the user evoke different behav-
iours and reactions in the certain context. The user
experience is particularly central when it comes to
designing a product with a strong user attachment.

Sensory perception

Designs intended to be perceived by several sen-
sory modalities simultaneously, known as multisen-
sory product experience or multimodal interaction is
key to create rich product experiences. Schifferstein
and Hekkert (2007) states that by designing prod-
ucts stimulating several of our sensory modalities at
the same time the product experience is likely to be
richer, but it is important that the messages sent out
by the product is congruent enough. A bit of in-con-
gruency might be welcomed in some cases. Because
sometimes the designer may not want to communi-
cate the same messages to all of the senses in order
to evoke for instance surprise. In such cases the chal-

lenge is to combine familiarity with originality. Then
it is important to assure that the product commu-
nicate the same message to most of the senses and
that only one modality is responsible for the surprise
effect to avoid confusion and misunderstandings.

Certain senses are more dominant and receptive for
certain kinds of stimuli and types of information,
and certain stimuli are typically perceived by mul-
tiple modalities. For instance there is commonly an
overlap between vision and touch. Size just as shape
can be perceived with both touch and vision and
therefore it is beneficial if there are no contradic-
tions or conflicts between what messages are sent to
touch and vision. If the users expectations are not
matched, disappointment may occur and therefore
a coherent multimodal product experience can be
linked to users product preferences. (Schifferstein
and Hekkert, 2007)

Activating more sensory modalities in the product
interaction has also become a usual way of commu-
nicating brand identity as an experience (Schiffer-
stein and Hekkert, 2007). Moreover, it is not solely
the sensory experience and physical interaction that
determines the product experience. Sensory imagery
and prior experiences in the mind of the user are

also influencing how products are perceived.



APPENDIX [I: Product experience - design for emotions

Design for emotions

Designing with the intention to evoke or prevent cer-
tain emotions, i.e. design for emotions, is facilitated
by understanding the processes behind the emotions
(Demir, Hekkert and Desmet 2009). Emotions are
complex and their arousal is influenced by many
factors. The same product in the same context can
elicit different emotions in two persons depending on
previous experiences and their concerns, for instance
attitudes and values (see appendix II). Emotions can
also be the reasons behaviours; for example a person
who is very angry might shout and fight. Therefore
design for emotions might be a good way to design
in order to encourage certain behaviour, and in fact
emotions include a strong behavioural component

(Desmet, Hekkert, 2009).

Desmet and Hekkert (2009) define emotions and the
function of emotional behaviour as “to safeguard
our well-being in our relationship with the world
and with everything that happens in it”. People are
constantly interacting with things and others in the
surrounding, and in these interactions occurrences
that might endanger the well-being can happen. The
emotional behaviour is to adapt towards these oc-
currences aiming to strengthen the relationship with
the things contributing to the well-being, 1.e. positive
emotions, and weaken the relationships with what
is threatening the well-being, i.e. negative emotions.
This implies that there is a relational aim oriented
towards an ideal future state behind every emotional
behaviour. (Desmet and Hekkert, 2009)

Desmet (2003) has made a basic model of product
emotions (fig. AIl.1). The model implies that there
are four main parameters eliciting emotions, which
are appraisal, object (product), concern and emotion.
The first three of them and the interplay between
them determines if and what emotion that is evoked.
The appraisal is an automatic and non-intellectual
evaluation of stimulus relevance for the personal
well-being (Desmet, 2003). Emotions always come
from a relation between an experience and a person.
The object, also called the product in the model can
be the object of the emotion sending out the stimu-
lus. The stimulus can also be an event like someone
telling someone something;

Concerns lie behind every emotion and could be for
instance attitudes, values and self-images the user

has, and concerns can be context dependent. Con-
cerns can be defined as individual more or less stable
points of reference for certain states of the world.
When a stimulus is perceived from an object, its sig-
nificance for the well-being is determined by if the
appraised concern is matched or not. If the there is
a match between the object and the concern it is ap-
praised as beneficial; positive emotions are elicited,
and if there is a mismatch with the concern are ap-
praised as harmful, i.e. negative emotions are elic-

ited. (Desmet, 2003)

Finally the fourth parameter - the emotion itself. As all
affective concepts, emotions are intangible and there-
fore difficult to lay ones finger on. Emotions are often
confused with moods, but the fact is that the two con-
ceptions refer to different experiential phenomena.
Moods have a long-term character whereas emotions
often are limited to seconds. Another important dif-
ference between emotions and moods is that emotions
unlike moods are involving one certain object that the
person is experiencing, but emotions are also strongly
influenced by moods and vice versa. (Desmet, 2003)

Based on the model of product emotions there are
classifications of different types of product emo-
tions such as aesthetic, social, interest, surprise and
instrumental. Hence product emotions do not only
rely on the aesthetics, as there is a common belief
of, but also on functionality. These types of product
emotions correspond to several kinds of appraisals,
which can be associated with different sorts of emo-
tions, and if the appraisal (and related concern) is
known the emotion can be predicted. (Desmet, 2003)

Products that for the user have an attached value are of-
ten more respectfully treated than value-less things, and
products are usually kept longer if it has an emotional
value. (Lilley; Lofthouse, Bhamra, 2005) There are four
product meanings that can be regarded as possible de-
terminant factors of product attachment of ordinary
products (Mugge 2007, Schifferstein and Hekkert 2008):

Self-expression: Expressing the consumer’s unique identity
Group affibation: Expressing the consumer’s belonging to a group
Memories: Reminds the consumer of the past
Pleasure: Provides the consumer with pleasure

If a product conveys one or more of these mean-
ings it can be regarded as having a special meaning

compared to similar products that does not, and it



has the possibility to create a special bond to its user

(Schifferstein and Hekkert 2008).

In her report Mugge (2007) writes that to evoke prod-
uct pleasures that last for a long time the designer can
incorporate surprise into the product. Pleasure elicit-
ing surprise attributes can be particular for a specific
product variant that no other variants can match com-
pletely. Past research shows that products that surprise
the user are more enjoyable. (Mugge, 2007)

Fig.All.1: Basic model of product emotions.
(Desmet, 2003)



APPENDIX [I: Product experience - semantics

Semantics

Semantics comes from the science of Semiotics that
can be explained as the study of signs, sign systems,
their structure, properties and roles in socio-cultural
behaviour. Signs could be more than just seen, they
could also be heard, felt, smelt and tasted. Semiotics
has three corner stones; syntax, semantics, and prag-
matics. Where syntax is the context and the com-
ponents surrounding the product, semantics is study
of the message communicated by the product and
pragmatics the physical and mental interaction with
the product. (Wikstrom, 2007; Mono, 1997)

Acsthetics is the science of beauty and the experi-
ence of it, while semantics is the science of an ob-
ject’s significance. Semantics can be described by
four functions:

Express. This is expressing a product’s characteris-
tics and properties though appearance and function.
Form can be manipulated to express a quality a prod-
uct does not posses. It is important to incorporate the
company’s business concept, the expectations from
the targeted group and the product’s purpose and
function in its expression. It is important that the ex-
pression is in harmony with the other technical and
semantic features of the product to not express char-
acteristics as “dishonest”.

Describe. This is describing a product’s mode of op-
eration through the product gestalt, totality of form,
colour and surface structure for example.. Often it is

more important to not make the description of op-
eration unclear than to actually show the exact mode
of operation.

Exhort. This is the signal message from a product.
The function to exhort is always aiming at triggering
areaction in the user. Sometimes the exhort function
1s well disguised, other times is it obvious like an or-
der on a display. An exhortation should be clear and
does only function in the right situation.

Identify. The identification function can make the
product tell what is its purpose, what is its origin,
what brand it is and to what product category it
belongs for example. The products of a company
brand can by design strategy be given the same de-
sign language to show the customers the product ori-
gin. (Mono, 1997)

In his book Verganti (2009) states that change of
“meaning” of a product to a user can lead to ben-
efits for the company implementing the change. As
an example he mention the introduction of the iP-
hone on the market; being not just a new more high-
tech cell phone to use when for communication with
people far away, but a product which is not primar-
ily a cell phone but a entertainer or enabler which
people can use to socialize with friends even in the
same room. Nokia had earlier introduced the Smart
phone but referred to it as a cell phone with more
high-tech functionality. When not just upgrading the
cell phone to be more high-tech, but changing its
meaning, Apple got great revenues. (Verganti, 2009)



APPENDIX [I: Product experience - usability

Usability

Usability can be described as: “...the effectiveness,
efficiency and satisfaction with which specified us-
ers can achieve specified goals in particular environ-
ments” (ISO DIS 9241-11 cited in Jordan, 1998,
p-5). The effectiveness is about to which extent the
goal is achieved, efficiency is about how effort de-
manding it is to receive the goal and satisfaction is
about the level of comfort when using the product.
If all these three parts are highly fulfilled the product
has good usability. Usability is, a bit simplified, how
user-friendly a product is to a user.

43

As the products become more and more complex
with more functionality, the importance of usability
increases accordingly. Usability is of great impor-
tance from a sales perspective because people are in-
creasingly unwilling to use products that are difficult
to use. Therefore companies can have advantages
over the competitors when offering “user-friendly”
highly technical products.

These following 10 design principles can affect the
usability of a product (Jordan, 1998):

1. Consistency: Similar tasks are designed so they
are performed in similar ways.

2. CGompatibility: The design of how the product
is operated meets the users’ expectations liked
to the knowledge they have from other products
and experiences.
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APPENDIX [ll: Food storage specifications

Special demands per type of foods

type temperature dimensions (min-max) wheight _humidity spread of odour/gas sensitivity
To light and
Potatoes >4°C (6-8°C) Bag size= heavy - bumping
Tomatoes >13°C 70-75% Some ethylene To cold
To ethylene,
humidity and too
90-95% (Keep the high or low
Cucumber 10-12°C length= plastic wrapping) temperatures
Eggplant 7-12°C To ethylene, cold.
Pumpkin 6-8°C diameter= heavy
Zucchini 5-10°C length= To cold
98-100% (without
Carrots 0-5°C Bag size= heavy condense) To wetness
-2-0°C (OKin
Onion room temp.) heavy 70-75% Some ethylene
95-98% (Keep in
plastic perforated To ethylene, too
Lettuce 0-2°C light bag) high/low temp.
High, keep in To ethylene,
Pepper 7-13°C plastic wrapping bumping, cold
To ethylene and
Bananas 12-14°C chilling damages
To ethylene and
Lemon 10-15°C cold
To ethylene and
Leek 0°C length= humidity
0-6°C (OK in room
Apples temp.) heavy 95% High amount of ethylene
Cabbage 4-8°C (2-4°C) diameter= heavy 90-95%
Light and too much
Rocket sallad 0-1°C light 95-98% moisture
To crushs and
Strawberries 2-6°C bumps
Very sensitive to
moisture, store in
Mushrooms 0°C light open paper bag
Herbes in pot 8-12°C light chilling damages
<5°C (higher temp.
Milk shorter durability) height=25 cm
Sensitive to high
Meat Slightly under 0°C humidity
Fish 0-2°C Odour
Oxygen, light and
Butter high temp.
Odour (keep each cheese Odour from other
Cheese 4-8°C separated) products
0° (if stored in Porous, sensitive
room temp. shorter to odours and
Egg durability) bacteria
4°C (higher temp.
Yoghurt shorter durability)
Leftovers <8°C <2h in room temp.
>4°C (should be in
room temp. or
Bread freezer)



APPENDIX V: Project planning - Gantt charts
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Mind maps - barriers, problems etc.
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APPENDIX VI: Interaction sequences
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APPENDIX VIl: PESTED-analysis

Political

The world is becoming more global and the borders
and differences between countries and region is de-
creasing. But at the same time is the demand for small
scale and locally produced products increasing. Also,
with the more wide spread online community new
common global laws and regulations, stretching over
the boarders between countries will be needed.

Economical

Time and experience is the new luxury, and in the
fast moving and always connected everyday life hav-
ing time off for an interesting experience will be the
most valuable. The access to services instead of ma-
terialistic products will grow, and very much depend
on the new technologies

The competition between companies is getting
tougher and it is a must to find new ways to differ-
entiate. The key will be experiences and emotional
attachment, and sustainability will rather be a basic
requirement than a factor to compete with. Brands
will have more niched target groups and the role of
strong and trustworthy brands will grow. This is also
connect to the higher demands from the consumers
who is getting more sophisticated and want more
professional products.

Societal

Consumers want more ways of expressing themselves
through the products and services they use. There-
fore adaptability and personal customization, prefer-
ably automatic without any effort from the user, will
be more important. Demand for convenience.

The barriers from the real world to the virtual world
are getting fuzzier, so there will be two parallel re-
alities. With the constant access to the virtual dimen-
sion where people do not have to meet in real life,
the longing and strive for genuineness and honesty
is increasing. Since the society gets more and more
individualized all people want to clearly make up a
picture for themselves and others of who they are and
what they stand for, creating clear personal bounda-
ries.

With a more wired up, high-tech and superficial vir-
tual society, the search for the simple, genuine and
natural increase. Therefor things such as urban farm-
ing and farm holidays are getting more common,

which makes contrasts a central concept describing
a possible future.

Accessibility is also a central word. Everything should
be available all the time. With shops and services
online, date and time will no longer matter when it
comes to shopping and access to services. The same
goes for information.

Because of smaller living spaces, due to urbanization,
the categorization of the rooms in the apartment gets
fuzzier. The rooms can be transformed to serve dif-
ferent needs. With higher personalization and more
constant access to everything, higher living standard
and the deemed for good foodstuffs, with declared
and good origins, manufacturing process and ingre-
dients are of greater importance.

Technological

The technological advancements will continue. But
as technologies are getting more advanced the de-
mands on ease of use and intuitivity is increasing.
Also the social life and everyday life will be depend-
ing on the technologies, why they cannot be barriers.
Multi functionality might get more important due to
the growing population, urbanization and more peo-
ple sharing less space. Therefore products and appli-
ances will be more connected, and augmented reality
letting us experience more in our surroundings than
what the human eye can see will be common. Reality
and the virtual world will be seamlessly integrated.

Ecological

Ecological and fair trade products will be more com-
mon if not the new standard. The demand of locally
produced and genuine products will continue to in-
crease. Climate changes will affect where and how
people live in the future.

Demographic

Big cities are getting bigger and small cites are be-
coming big cities as the urbanization boosts again.
Life-stages dissolving, and life can rather be regarded
as a continuous linear process. With the medical ad-
vancements and higher living standards, an increased
ratio of the (western) world’s population will be old.



APPENDIX VIII: Survey - online form

Consumption, behaviour and sustainability

We are very thankful that you are helping us by answering this survey for our master's thesis
project! The survey consists of three parts and will take you about 5 minutes to answer. Let start
with some generalities.

* Required

Age *

| =
=y
M

Sex *

| -
=y
—————

Nationality *

In which country do you live? *

How big is your household? *

( -
\ | -
S

What applies to your kitchen? *
Choose all the alternatives applying to you

_) itis small

it is big

it is an open plan kitchen

it is a separate kitchen

it is a pentry

| have no kitchen

| rent a room and share the kitchen with others

Other: |

What applies best to your grocery shopping habits? *
choose the alternative applying best to you

| daily shopping
| small shopping 2-6 times a week
| big shopping once a week only
_J big shopping once a week and complementary shopping in between

| big shopping once a month and complementary shopping in between



_! subscribed home delivery
_J self scanning

) Other: |

Which is your favorite product? *
Please choose one of your energy consuming products

Why is this your favorite product? *
Mention a few characteristics

( Continue » )
Ne——

Powered by Google Docs

Report Abuse - Terms of Service - Additional Terms

Consumption, behaviour and sustainability
* Required

Sustainability

How important do you find it to act eco-friendly? *
1 2 3 4 5 6 7 8 9

D O O O O O O

Not important Very important

How eco-friendly do you act in reality? *
1 2 3 4 5 6 7 8 9

Not at all ) O O D) O Very much

What prevents you from acting more eco-friendly? *

Which household appliance do you think is the least environmental friendly? *



Have you adapted your behavior when using it to make it more environmental friendly? *

B

If yes, how? If no, why not? *

If you throw away food, what is the most common reason? *
) It has past the expiring date

) It does not smell/taste/look good anymore
) | took a too big portion to finish it

2 ltis too little leftovers to be worth saving
) It has been frozen in the refrigerator

) there is no room for it in the refrigerator/freezer

) Other: |

Consumption, behaviour and sustainability
* Required

Refrigerator habits

How many meals do you normally prepare at home on weekdays? *
Snacks not included.

( -
\ I v
S

When you open your refrigerator a normal weekday, how full is it usually? *

B

If you leave the refrigerator door open for a while, what is usually the reason? *
Choose the alternatives that applies to you

I 1 cannot find what | am looking for
| | rearrange to make room for food
_J I'am taking out to prepare a meal
_! I 'am looking what | have at home/need to buy
| | feel hungry and do not know what to eat
| | leave it open all the time

| 1 have done grocery shopping and have to put in a lot

_| Other: '



How do you treat warm food you want to save? *
) llet it cool down to room temperature before putting it into the refrigerator/freezer
| put it into the refrigerator/freezer when it is still a bit warm
| never save it

| have not reflected over it

) Other: |

How would you rate your knowledge about under which conditions (i.e. temperature,
humidity, light ) different foodstuffs are best preserved? *

1 2 3 4 5 6

Verypoor O O O O O O Excellent

How do you arrange items in your refrigerator? *
| by how often they are used
) by product type
| by expiring date
| by temperature differences in the refrigerator
) by packaging dimension
| by weight
| to avoid leakage
| to avoid odour spread or contact with other items

| no certain order

_J Other: -

When buying a new refrigerator, what is most important to you? *
) Aesthetics and design

) Brand

) Volume

) Price

) Energy efficiency rating
) Interior layout

) Extra features

) Other: |



What do you think of your refrigerator? *
Please mark on the scales where you would place your refrigerator.

1 2 3 4 5 6 7 8 9

Plain © © O O O O O O O Extravagant

1 2 3 4 5 6 7 8 9
Wasteful © O O O O O O O O Efficient

1 2 3 4 5 6 7 8 9

Aggressive © O O O O O O O O Friendly

1 2 3 4 5 6 7 8 9
Jeopardizihng © ©O O O O O O O O Reliable

*

1.2 3 4 5 6 7 8 9

oo
o
@)
@)
(&
o/

A soulmate O O O A nobody

If your refrigerator was a person, how would you describe its personality? *
Please describe briefly

What's your favorite colour?
If you want to participate in a competition for a nice price, send an email to:

rebecka.lannsjo@gmail.com with your name and the answer to the question, as a subject write:
"Survey contest". After the survey is ended there will be a lottery between the participants and the

winner will receive a price announced on the Facebook event page and by email.

O

Q< Back) CSubmiQ




APPENDIX VIII: Survey - responses

1 3 3 responses

S u m m a ry See complete responses

Age

0 16 32 48 64

Sex

—————————Male [65]

Female [68] ———

How big is your household?

3 persons |
4 persons -
5 persons .

>5 persons .
0 10 20 30 40 50

What applies to your kitchen?

itis small
itis big+
itis an open pla...
itis a separate ...
itis a pentry-|
I’ have no kitchen
| rent a room and...

Other-
0 13 26 39 52 65

80

60

78

0-15
16-24
25-34
35-44
45-54
55-64
>65

Female
Male

1 person

2 persons
3 persons
4 persons
5 persons
>5 persons

it is small

it is big

it is an open plan kitchen

it is a separate kitchen

itis a pentry

| have no kitchen

| rent a room and share the kitchen with others

Other

43
78

o o oo

68
65

49
51

0%
0%
32%
59%
5%
0%
5%
0%

0%
51%
49%

0%
37%
38%
13%

7%

3%

2%

50%
23%
28%
40%
5%
1%
8%

6%

People may select more than one checkbox, so percentages may add up to more than 100%.



What applies best to your grocery shopping habits?

daily shopping 3 2%
daily shopping I small shopping 2-6 times a week 58 44%
. . o
big shopping once a week and complementary shopping in between 48 36%
big shopping once... - big shopping once a month and complementary shopping in between 14 1%
. . subscribed home delivery 4 3%
big shopping once...
self scanning 7 5%
big shopping once... ) Other 6 5%
subscribed home d... l People may select more than one checkbox, so percentages may add up to more than 100%.
self scanning {
Other .
0 12 24 3 48 60
Sustainability
How important do you find it to act eco-friendly?
35‘ 1- Not important 2 2%
28“ 2 3 2%
0,
21 3 1 1%
‘ 4 9 7%
1 ‘ 5 9 %
7 . 6 12 9%
o‘ N 7 27 20%
1 4 5 6 7 8 9 8 34 26%
Not important Very important 9- Very important 35 26%
How eco-friendly do you act in reality?
1- Notatall 0 0%
2 6 5%
3 8 6%
4 14 1%
5 28 21%
6 38 29%
40 7 32 24%
32{ 8 5 4%
- o
24/ 9- Very much 1 1%
164
. ml I
o -
1 2 3 4 5 6 7 8 9
Not at all Very much
Have you adapted your behavior when using it to make it more environmental friendly?
——no [59] 1 1%
yes 73 55%
no 59 44%
—— -
yes [73] ——————
If you throw away food, what is the most common reason?
It has past the expiring date 36 27%
It has past the e... _ It does not smell/taste/look good anymore 76 57%
) . L o
It does not smell... _ | took a too big portion to finish it 2 2%
It is too little leftovers to be worth saving 13 10%
I took a too big ... I It has been frozen in the refrigerator 0 0%
. . there is no room for it in the refrigerator/freezer 1 1%
Itis too little ...
Other 5 4%

It has been froze...|

there is no room ... I

Other l

0 15 30 45 60 75 90



Refrigerator habits

How many meals do you normally prepare at home on weekdays?

0 0%
0 3 2%
1 32 24%
2 40 30%
3 19 14%
4 17 13%
more 22 17%
0
1
2
3
4
more |
0 8 16 24 32 40
When you open your refrigerator a normal weekday, how full is it usually?
0 0%
— Very full [37] Almost empty 15 11%
Half full 81 61%
Very full 37 28%
‘/\["IWCG? empty [15]
Half full [81] —
If you leave the refrigerator door open for a while, what is usually the reason?
| cannot find what | am looking for 33 25%
I cannot find wha... _ | rearrange to make room for food 49 37%
| am taking out to prepare a meal 64 48%
| rearrange to ma...
| am looking what | have at home/need to buy 42 32%
| am taking out t... | | feel hungry and do not know what to eat 42 32%
. . N
I am looking what... _ | leave it open all the time 1 1%
| have done grocery shopping and have to put in a lot 67 50%
| feel hungry and... _ Other 5 4%
Ileave it open a... I People may select more than one checkbox, so percentages may add up to more than 100%.
Other .
0 13 26 39 52 65 78
How do you treat warm food you want to save?
| let it cool down to room temperature before putting it into the refrigerator/freezer 100 75%
I'putitinto the refri | put it into the refrigerator/freezer when it is still a bit warm 27 20%
| never save it 1 1%
. '-;"Eﬂfolc‘tlm I have not reflected over it 3 2%
Other 2 2%
srator/freezer [100]
How would you rate your knowledge about under which conditions (i.e. temperature, humidity, light ) different foodstuffs are best preserved?
55 1- Very poor 6%
44 2 25 19%
- 3 28 21%
33 4 54 41%
22
5 15 1%
n 6 - Excellent 3 2%

Very poor Excellent



How do you arrange items in your refrigerator?

by how often they...
by product type
by expiring date

by temperature di..

by packaging dime..

by weight

no certain order

Other

0 15 30 45 60

75

When buying a new refrigerator, what is most important to you?

Aesthetics and de... |
{

Brand {

|

Volume |

Price

|
Energy efficiency... |

Interior layout-

Extra features |

Other
0 7 14 21 28

What do you think of your refrigerator?

30

241

181

124

LT

oL . P ————
1 2 3 4 5 6 7 8 9

Plain Extravagant

40
321

24

] III
o 1L I.—
1 2 3 4 5 6 7 8 9

Wasteful Efficient

@

©

: IIII
e L]
5 6 7 8 9

1 2 3 4

Aggressive Friendly

90

35

by how often they are used

by product type
by expiring date

by temperature differences in the refrigerator
by packaging dimension

by weight
to avoid leakage

to avoid odour spread or contact with other items

no certain order
Other

People may select more than one checkbox, so percentages may add up to more than 100%.

Aesthetics and design
Brand

Volume

Price

Energy efficiency rating
Interior layout

Extra features

Other

1- Plain

2

3

4

5

6

7

8

9 - Extravagant
1- Wasteful
2

3

4

5

6

7

8

9 - Efficient

1- Aggressive
2
3
4
5
6
7
8
9

- Friendly

15
21
38
20
15
13

23
30
18
16
19
15
10

© W W -

43

19
26
21

14

13
34
35
18

17

49
76
17
27
70

7
21
13
23

3

37%
57%
13%
20%
53%

5%
16%
10%
17%

2%

1%

2%
10%
26%
26%
14%

0%
13%

17%
23%
14%
12%
14%
1%
8%
1%
1%

2%
4%
1%
16%
29%
15%
1%
10%
2%

1%
2%
2%
7%
32%
14%
20%
16%
6%



1- Jeopardizing 2 2%

24 2 4 3%
18 3 5 4%
4 1 8%

2 5 18 14%
6 6 19 14%
0 . 7 30 23%
1 2 3 4 5 6 7 8 9 8 30 23%
Jeopardizing Reliable 9- Reliable 14 1%
36 1- A soulmate 1 1%
30 2 2 2%
24 3 3%
18 4 13 10%
12 5 32 24%
6 6 9 7%
0 7 22 17%
L ¢ 8 30 23%

A soulmate A nobody 9- A nobody 20 15%

Number of daily responses
78

65
52
39
26
13

0
11/13/2011 11/26/2011



APPENDIX VIII: Survey - additional findings

The respondents

The survey had 133 respondents, ad the majority
of them were in the age 25 to 34 (59%), and 32%
between 16 and 24. Almost half of the respondents
were male and slightly more than half were females.
A majority of the respondents were Swedes or peo-
ple living in Sweden. Still there where a fairly high
ratio of respondents of different nationalities; 24%
where not from Sweden, and among these Italians
were most common nationality (6 %). There where
also 24 % of respondents not living in Sweden; some
persons of other nationalities than Swedes living in
Sweden and some Swedes living abroad.

Most respondents lived in single or two persons
households with a small separate kitchen. Most went
for small grocery shopping 2-6 times a week or big
shopping once a week with complementary shop-
ping in between. The 11% who answered that their
refrigerator was almost empty might have a too big
refrigerator for their needs.

Buying a new refrigerator

When asking about what people consider as most
important when buying a new refrigerator the ma-
jority said price (26 %) and energy efficiency rating
(26 %). After these came interior layout with 14 %
and “other” with 13 %. Most of the ones who re-
plied “other” said that they had never thought of
it or they had never bought a refrigerator. Further-
more, some replied with a combination of the given
alternatives. Aesthetics and design and volume was
considered as moderately important with 11% re-
spectively 10 % of replies. Brand did only get 2 % of
the responses and extra features apparently did not
mater at all (0%). What can be concluded from this
is that when all comes around cost is most important
to the consumers, since the energy efficiency rating is
closely associated with the energy costs.

In other studies other researchers also came to the
conclusion that the most important matter for the
consumers when buying a new refrigerator is low en-
ergy consumption. On a second place they had good
performance, on the third place low operating noise
emission (as one in the team’s survey also added even
though it did not exist as an option) and on fourth
place was the purchasing price. The reason to why
people rank low energy consumption so high might
be because the energy consumption of a product
that is running 24h every day have great impact on
the monthly energy bill even though the kW con-
sumption/hour is relatively low.

Nationality of respondents
19 _@% 2%

1% 1°/Fo
\—|\ o IZE%
e 0

& American
 Brazilian
i British

H Chinese
i Colombiai
i Dutch

M French

M German
Mindian

H ltalian

& Mexican
& Norweigat
4 Spanish

4 Swedish



APPENDIX VIII: Survey - quotes about refrigerator personality
Somewhat smelly, with lots of strange stuff inside.. amazingly i don’t mind eating the stuff
Friggo had in the stomach.. (10)

Someone who does not stand out that much, quite anonymous. He/she performs the tasks
which are given, but nothing more. Does not try to show off but still confident in itself. (13)

He's the smelly guy that no one wants to talk to and that makes annoying sounds at night.
Still you need him desperately.. (14)

His name is CIliff, friendly and helpful but a bit stupid - a few sandwiches short of a picnic.
(18)

A shy hardworking person. The kind that never complains, although it has to endure long
shifts and sometimes smelly cheeses. (19)

A bitter and complacent middle aged man, doing his job but without immediate hopes or
dreams for the future. Sad, but true. (20)

Plain, effiecient enough but not extravagant (svensson). A bit boring but at the sametime
someone you can trust. (21)

A old and very simple person who is happy he is hidden behind an extra door. He is not
concerned about the environment and he like to make sounds in the night. (39)

Completly unrealible asshole who sometimes hides my food in his pockets, sometimes
freezes it just for fun. He also soils himself and leak fluids all over the place. (46)

En stor vit fyrkantig och bufflig svensk! Pratar inte mycket, men han svanger rejélt nér det
kommer mycket folk och det vankas fest! Oppen mot alla! Inte alls skygg och nudist. (48)

An old gentleman with no complaints about his life. (49)

Silent but kind. Keeps a cool head, patient and the one person | can really rely on freshing
up my day even when [I've forgotten about items from long ago. A good buddy :) (55)

A cold person that knows how to take care of itself. A person that is usually well dressed (for
its external aspect) and the belly full (for the interior aspect) :) (62)

Standing there reliable, allways at your service, melting in, discrete (64)

Really effective, modern, good looking, a person you could depend upon and smart, i think
he/she would be smart. (71)

A middle aged or older person | don’t notice very much. Reliable and mostly does what it is
expected. | think it would be called Norm. (73)



A boring, beige person feeling a little bit tired. A quiet guy without much personality or
substance. (78)

Not so clever, light up when you say hello, but turns grumpy if you talk too long and pretty
silent general. (83)

A boring old man, sitting in a corner, making strange noises (93)

lyssnar pa lugna favoriter, &r trygg och ndjd i sitt hérn men vill egentligen se vériden. vagar
inte. Kldr sig i beige loafers. (100)

Den stéller alltid upp, &r palitlig. Den &r lugn, passiv och tystlaten. (107)

My refridgerator is shy, doesn’t stick out or draw attention to itself, but now and again |
hear it whining. Maybe it doesn't like the decorations (reminders, shopping lists, newspaper
articles, photos, etc.) we fasten to it with magnets. However, | think its also tired and worn
out from so many years of faithfully serving us and others before us. It has a few scars, but
is still hanging in there, | think its probably on its last leg ‘though. It could go any time now.
That would actually probably be for the best, evironmentally speaking, because then we
would be forced to buy something new and energy efficient. (110)

Simple and not very concerned about fashion, a bit old-school, you-know-what-you’ve got
kind of person. (128)

It's a cold, anonimous personality that stands all days in a corner. From a professional
perspective is organized and reliable, he never does anything wrong. (133)



APPENDIX [X: Context mapping - workbook

1(19)

Min kylskapsdagbok

NaMN: oo

Workshepkvill s/12
pé Electrolex
S Geransgatan 143
#as!

2(19)

Yfar de nigra #régor eller funderingar?
Tveka inte att kontakta nigon av 055 pi Leleton eller mail.

Rebecka
Zel. 0730-552155
rebeckalanngjo@qmal com

Anna
Zel. 0F05-6I6SF
annavig@hotmal com

Hej & valkommen till din bok!

3(19)

_fyll i veckodag

markera hur manga ganger
[du &ppnat kylen; streck for kort|

‘skriv hur manga ganger du tagit ut
respektive vara under dagen, om du

4(19)

exempel —— | i )| e s o
Frat vill vi tacka dig £8r att dut ger 055 cals - Uppgifter ———————y OfSiag 6. Arende Darrappring
mineder ar din tid vaje dag under en vecka £r R s3] 11
att hjilpa 055 med Virt examensarbete. Né dee Epprar Kylskipet: 3 7
Yeghart/51(7 7] 1
Det i viktigt £or o553 @l du cthr uppghterna |+ Notera det pé dagbokssidan ] X =
54 Sanningsenliqt de Kan, dvs att del doke- Frake 7] 1
merterar A Som du vanligen agerar etan @ |\ dag: Grensater [y 11111 /...
Ferindra nigot. Kom ihig atd det hir i din 7 X o
bok och a? du ér #ri @l kommentera)skriva/ - Ger uppgiften du Rnner pd |2 |1
rita S& som det Kinns bast +fer dig! Sbakside e d /sside 21|
9 hsiden ar varje dogbokssida o ':l Tar ser 0u vad Ge 4 olka
Boken bestir av tvi olika delar; din kylskips— smer [T]1 Kiistermrkena betyder
dagbok dir du markerar vaje tillfille och | Férsta ech sista dagen: [ 1X ox[ ]
aal du spprar Kylen. Den andra delen Fota insi ) N O. (,/ I L]
innehiller olika Sminppgtter, en per dag, pa ota insidan ar ditt kylskip Tt e |7 ]!
a vaje . Dessa uppg [) X Glastart/ (77
Snskar vi @t du cdfer i lugn och ro. Lycka 2ill! ’\\ Aaska/ e =
R N X \ J e Vatten
Heppas att et Aoner f‘/’/’.‘)”p“” e /"_‘e s a”fif Satoft Kistermarke vid ratt tid som | , ’_—J
at? gira, och dnnet en géng Lack £8r din fjilp! ‘talar om varfor du dppnade kylen | %73 €| 3 |11
[/ Rebecka & Arna L ’7"'4’_]
. . Arende Derreppning
~ mitt Kok

\

Znnan dee 8sjar Fylla
i Kylskipsdagboken i
rrorgon Anns hir en
Foréerede/seuppgift
For dig @t gera nu

Skissa wupp ditt kesk
och indikera var Kyl/
Frys, 5pis, diskhe
ete Kans!

wek ]
Yay.wt/#/[:‘

Fredt [—
Gronsaker [:‘ /- tore

ast ]

S [ ]
ox[_j
77//43«{ matd D _'/
Aaska/tub D A
> veter| ] &y
':; Ovrig dryck [— ~
= ] o, O

— Dag 1. mitt kylskap

\
I Kita et hyllor och lédor
Sdsom det ser «d i ditt
Ky/skép i skissen indill.

2. Klistra in matvarekliter-
méirkena dér de brekar
FErvara varorna i din kiyl.

Ar det négon a vara du
aldrig har hemma, hoppa dé
Sver att placera in den. Ar
det ndgot dut e Fervarar i
Kylen, sitt den dé ctantsr.
Kita gérna in fler varor gjélv.

« exempel

Q
ORRE

Subsequently every second page is th self
observation sheet above (one for each day
of the week)




9(19)
~— Dag 2. min kylskapsdorr \

1. Vad Anns cdanpé ditt kylskip?
Skissa wpp din Kylskipsderr
och vad Som dr Fhst pé dess
wdsida. Amind girna £2rger och
beskrivande ord.

2. Inkspslista? Om de har en
inkepslista £ den hir veckan
vill vi gérra alt du tejpar +ust
den hir eller mailar den Till:

rebeckalanngjo@qmal.com

Antiinder det ingen inkspslista
fryssa hér Q

« exempel

stipsmaet

Shorpinglista

11(19)

~ Dag 3. frascht

Vad innebir Fréischhet £5r dig nir det handlar om Kylskip, och vad ger ad kylskipet
inte Kinns Frascht och inkjudande?

Skriv, rita och Ayl det grena filtet med sidant dee £erknigpar med ett fraseht bylskip,
och amiind det réda £iltet £5r ord och bilder som du £ rner dypiska £&r ett ofréscht.

13(19)

~ Dag 4. att slanga mat )

Placera in nummerna £5r madvarirna pi ligjen, Sorterade i den ordning du skulle
ha slingt bort dem.

Sléinga
direft

Bést fore: oA

Ve Niins\ul _

~— Dag 5. det jag gillar mest —

Vilket G ditt favorit Cill#ille/ upplevelse i koket?

Vad 2ycher du allra bist om @t ha
i ditt kylskip? Kita och beskriv!

17(19)

~— Dag 6. framtidens kok

Forestall dig ditt ksk ar 2020. Ténk pé vart te(w‘hzz‘vga(f/ﬁrggn dr plvig; appar,
Connectivity, scaming och " Smartd funktioner... eller kanske nigot helt anndd,
néget som inte involverar teknik?

Némn 3 saker du snskar att ditt kesk skulle kunna gora dr 2020/
Kita gérna!

— Dag 7. skicka in \

Det hir dr den sista uppgiften i din kylskipsbok:
Skicka in Fotona pé insidan av ditt Kiylskép som du
tog den F5rsta dagen och idag till:

rebeckalanns, o@gmal.com
Vi kommer inom kort @t samla in din bok enligt
Sverenskommelse.

Sedan Ser vi fram emct att trifFa dig vid Electrolux huvudentré
pé S Geransgatan 143 (Tbane station Stadshagen) den

S/ 12 /(’ / AS - OO0 For en treviig diskussionskvill!

Vi réknar med @t det kommer at ta ungetir 2 immar,
och vi bjuder pd Fka och en giva Som tack Fer hjdlpen.




APPENDIX [X: Context mapping - the participants’ refrigerators

The photos from day 1 and 7 from
the participants using the sensitizing
workbook.

U1 = user study participant 1

Ty

u

US day 1 mm—

g




APPENDIX [X: Context mapping - generative session set up

1. kl. 18.00: Fika och Introduktion — 75 min

Presentation av oss och kort om projektet - 2 min

Lat deltagarna presentera sig med namn, sysselsattning, hur de bor (boendeform, typ av kdk och
personer i hushallet) - 3 min

Uppvarmningspastaenden (stélla sig upp nér det stdmmer in) - 10 min
Presentera sig med namn, sysselsattning och familjeforhallande och kokstyp....

Jag bor i lagenhet
Jag bor i hus
Jag ar en romantiker
Jag é&r en logisk analytiker
Jag &r nagot av en perfektionist
Jag &r en slarver
Jag éar intresserad av mode och inredning
Pa Iordagkvéllar féredrar jag hemmamys
Pa Iérdagkvéllar &r det fest som géller
. Nér jag képer nya hushallsprodukter &r det viktigt att de uttrycker min stil
. Fér mig gar alltid prestanda och funktion fére design
12. F6r mig ar det viktigt att mitt hem reflekterar min personliga stil
18. Jag brukar ta med mig hemlagad lunchlada till jobbet
14. Mitt drébmkdk dr en maskinpark med de mest avancerade funktionerna
15. Mitt drémkdk é&r vélmatchat och vélkomnande
16. Jag gillar exprimentiell matlagning och testar gérna nya saker
17. Jag lagar middag hemma varje dag

© 0NN LN =

- —
= O

2. kl. 18.15: Diskussion om vanor — 37 min (Utifran workbooken)
| syfte att hitta barriarer och se om problemhypoteserna stammer
a. Hur tyckte ni det vara att fylla i boken - 3 min

Var det latt/svart, roligt/trakigt? Upptédckte ni nagot som ni sjélva gér som ni inte var medvetna om
tidigare? Har det gett er nagon tankestéllare eller fatt er att vilja férdndra ert beteende pa nagot
sétt eller vis?

b. Har ni reflekterat dver varfor/nar ni har kylskapet dppet lange? - 3 min

Har det med dalig éversikt eller placering av matvaror att géra? Jocke, vad ar “annat” for vara som
ni tar ut ofta?

c. Har ditt satt att anvanda kylsképet forandrats under aren? - 2 min
Med éndrade levnadsférhéllanden, familjekonstellation, alder, ekonomi el dyl
d. Vad har kylskapet for roll/betydelse for dig? - 4 min

e. Humorslinje uppgiften: Vad kanner du nér du interagerar med ditt kylskép och hur ar ditt humor? - 2
min



Fa en individanpassad 24h tidslinje och sétt ut humdrsgubbar
f. Diskutera vilken ”status” de ar i och jamfér svaren - 3 min
Géllande informationsmottaglighet i de olika skedena...
g. Inkdpslista: Ni som inte anvander forskriven inkdpslista hur planerar ni era inkop?
Planerar ni dem alls? Hur bestdmmer ni vad ni ska &dta och nédr planerar ni det?
h. Matflode; Hur gér du for att tina mat fran frysen? Hur hanterar du varma matrester? - 5 min
Varfor, varfor, varfor, varfor inte?
i. Har du reflekterat kring vad som &r orsaken da du slanger mat? - 5 min

Hur mycket influerar datummérkning? Oftast fran kyl, matbord, skafferi, ugn eller frys till soptun-
nan? Otillagat eller tillagat?

j. Anser du att du kan tillrackligt mycket om hur olika livsmedel bér forvaras? - 4 min

Koll nér det géller temperatur och fuktighet m.m.? Skulle du uppskatta om ditt kylskap gav dig
feedback/information om det?

Upplever ni "felplacering” som ett problem? Hur skulle du vilja fa sadan information? Genom kyl-
skapets utformning och eller skriven information?

3. kl. 18.50: Framtidsscenario och fika — 20 min

Las upp framtidsscenariot och beskriv uppgiften de skall utféra. Visa dem materialet och be dem att
gbra en egen action line (eller cirkel om de hellre vill) med bilder ord och valfritt material.

Paminn efter 15 min om att avsluta!

4. kl. 19.10: Presentation av framtidsscenario, diskussion kring
mervarden — 40 min

Lat var och en beskriva vad de har skapat och forklara varfor/nur de tankt. 72 min
Diskutera: 28 min

Hur kan planering av inkép och kommunikation underléttas? Hur handlar ni maten? Hur kan ni fa
béttre koll pa kylskapets innehall? Hur vet ni vad f&r mat som ni ska laga och hur gér ni till vdga?
Kommer ni ens att laga mat? \/ar sitter ni och dter? Tillsammans med vem? Vad gor att ni skulle
tycka om just de produkterna och funktionerna ni beskriver? Vad i allménhet gor att man blir fést
till en produkt?

Péastaendena fran enkéten...... diskutera och rangordna vad som é&r viktigast! Hur viktigt &r det att
produkter uttrycker den ni &r? Hur stor roll har varumérket | det?
5. kl. 19.50: Avslutning, tack och utdelning av presenter

Forfragan om de kan tanka sig ev stélla upp pa utvardering av slutkoncept.
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APPENDIX [X: Context mapping - future assignment

Framtiden.

Valkommen till ar 2020....

Varlden ar globaliserad dar granser mellan lander och regioner allt mer blir utsuddade.
Du kan hora fran yngre som vaxer upp att de ofta sager sig vara europeer snarare an
svenskar. Aven granserna mot den virtuella varlden har suddiga kanter, till vilken du alltid
ar uppkopplad och dar du har en utvecklad egen personlighet som liknar den du har i
verkligheten. Av och till far du en kaénsla av dubbla verkligheter. Virtuella méten mellan
dig och vanner och arbetskamrater ar vanligare an verkliga méten. Synen pa livsstadier

i livet har mer eller mindre forsvunnit och barn som vaxer upp vet inte vad ord som
"medelaldern” betyder. Livet ses mer som en linje, utan uppdelningar. Forever young.

Fler och fler manniskor flyttar till storstader. Konkurrensen mellan foretag ar stor

vilket tvingar dem till att hitta nya mer emotionella vagar att skilja sig fran varandra

och tilltala dig och dina 6nskemal. Tjanster ersatter och kompletterar produkterna du
koper och de produkter du koper ar speciellt anpassade for just dig och dina behov.
Produkter blir smartare och kan kommunicera med varandra. De blir mer "manskliga”

och kan utvecklas, uppdateras och med tiden anpassas battre till dig som anvandare.
Tillganglighet ar ett ord som ligger i tiden; allt ar tillgangligt alltid. Andra viktiga uttryck som
speglas av samhallet ar frihet och standig medvetenhet.

Din framtida drom-mathantering

Du har bjudit hem nagra vanner pa middag. Forestall dig att aret &r 2020 och att samhallet
ser ut s& som du just fick beskrivet i framtidsscenariot.

Hur skulle du ga tillvaga for att planera, handla och férbereda maltiden? Hur ser ditt
dromkok, och framforallt ditt optimala kylskdp ut? Vad kan det géra och hur interagerar
du med det? Ar det ens ett kylskdp eller hur férvaras maten, och hur sker inhandling av
matvaror?

Gor en tidslinje dver hela forloppet med fokus pa interaktion och kommunikation med
"kylskapet”, och beskriv med ord och bilder s& som du tror att det hade gatt till i de basta av
varldar!

Beskriv garna vad du upplever och vad som gor det till det basta kdk/kylskap/
mathanteringsprodukten/tjansten du kan forestélla dig inom de givna ramarnal

Har ar lite stddord som ar bra att beskriva i férloppet:

planera och kommunicera — handla — fa hem och packa in varorna — hitta och ta ut
ingredienser och tillaga — ta hand om rester



APPENDIX X: Barriers matched with problems

Barriers

Areas of behaviour change 1 (23 (4[5 |6 |7 |8 |9

10

Food placement (overview, best X
conditions for preserving the food)

Hot/frozen food placed in the re- X X |X |X X
frigerator

Taking care of food before it goes X X X
bad (leftovers, close to expiring
date, knowledge)

Food planning (dinner planning, X X |X X
communication, shopping lists)

1. Ignorance of how to — Ignorance that something actually
can be done, lack of information

Ignorance of the actual consequences of the action
Hopelessness — "it's impossible”

It is too expensive

Too effort demanding (laziness, tired, convenience)

High risk of accidentally doing wrong/forgetting doing right
(it's easier doing wrong than right)

Takes too much time

Lack of inspiration to act sustainable/not (visual) appealing
. Difficulties of planning

10.Lack in communication

11. Other things/actions comes first

ok whN

© o~




APPENDIX Xl: Need and demand list

Any of the needs and desires should not

compromise on sustainability

1. Sustainability

1.1 Make the user act more sustainable than
with a classic refrigerator, i.e affect them to
waste less food and consume less energy.

1.2 Utilize the technology in the most sustainable
way (so the energy efficiency reach its full
potential)

2. Technical aspects
2.1 Possible technology

2.2 Top class energy efficiency

2.3 Possible to integrate with/adapt for smart
grid

2.4 (Feature a display/touch screen)

2.5 Not be noisy

3. Interaction

3.1 Be intuitive/easy to use

3.3 Not overload the user with information
3.4 Offer an interesting experience

3.5 Be supportive

3.6 Feel nice to touch

3.7 Advice cooking

3.8 Enhance the experience and the social
aspects of food

3.9 Not demand more effort than present
refrigerator without clearly communicated
benefits

4. Functionality

4.1 Offer temperature and humidity conditions so
products of the following categories last at least
to the declared expiring date:
dairy products, meet and fish,
vegetables, eggs, fruits, drinks, jars and

cans, post-prepared food, etc

4.2 Allow adaptation of interior climate

4.3 Support thawing food in energy efficient and
controlled ways

4.4 Support chilling down food in energy efficient
and controlled ways

4.5 Allow easy taking out of foodstuff
4.6 Allow easy loading
4.7 Offer overview of contents

4.8 Give information/feedback on energy
consumption

4.9 Offer suitable lighting to see inside

4.10 Support food planning (shopping and meal
planning)

4.11 Guidance in what to stored where
4.12 Support keeping good organization

4.13 Facilitate knowing status of food (including
left overs)

4.14 Allow flexibility and meet needs of different
occasions

4.15 Offer cooking inspiration
4.16 Help saving time

4.17 Be easy to keep clean

5. Food management

5.1 Preserve the freshness/condition of food
5.2 Preserve consistence of food

5.3 Preserve nutritive content of the foodstuff
5.4 Prevent growth of microorganisms

5.5 Preserve taste of the foodstuff

5.6 Minimize waste of foodstuff

5.7 Support utilization of leftovers

6. Design demands (dimensions etc)

6.1 Meet dimension and weight requirements
of foodstuffs and packagings needing cold
preservation (see specification)



6.2 Offer overview of contents

6.3 Preserve foodstuff from crushing
6.4 Fit into the kitchen interior

6.5 Easy to keep clean

6.6 Flexible for shifting needs

6.7 Support organization of foodstuffs

7. Customization

7.1 Attract the target by being:
Flexible for shifting needs

A way of expressing themselves through
the product

Supportive to their social lifestyle
Fun to interact with
7.2 Upgradeable

7.3 Adaptable for the users needs and
preferences

8. Expression, formal functions

8.1 Express premiumness
8.2 Carefully designed details

8.3 Unique (i.e not mainstream, too ordinary)

8.4 Perceived as fresh

8.4 Perceived as reliable and competent

8.5 Emotionally attractive

8.6 Fit into the Electrolux brand product range.

8.7 Change its “personality” from anonymous
and boring to attractive and confident

8.8 Invite to consume the contents

9. Material

9.1 Use, in comparison with other materials on
the market, sustainable materials

9.2 Not use environmentally harmful materials

9.3 To an as high extent as possible use
recyclable materials

10. Market

10.1 Be designed for the European market.

10.2 Strengthen the bond between the
consumers and Electrolux



APPENDIX Xll: Idea generation - early ideas and sketches

Vid hojd temperatur i kylen och
sankt i rummet visas detta som

féargskiftning/ljus i rummet

Feedback

Nar kylskapet blir for varmt/ ckar
energikonsumtion skiftar handtaget

gradvis féirg*

Electrolux loggan andrar féarg

beroende pa energiférbrukningen*

pé energiférbrukning, temp., status etc.

;ar hur man ligger til jamfoért med
dra i energiférbrukning/pengas-
ieri/matsloseri

Kylsk&pet lases da ett for varmt ob-
jekt kommer néra/alarm avgar

Anvéndning av termoférger

energiférbrukningen*

Subtil ljus/farg/monster férandring
pa kylen nar energiatgangen okar

Indikations(farg)lampa som visar pa

En sensor kdnner av om tempera-
turen stiger och kér dé igdng kom-

pressorn med adderat ljud for att

uppmarksamma anvandaren

Displayen visar med siffror hur
temperaturen stiger hela tiden da

dorren ar dppen

Ljuset avtar ju langre dorren ar

dppen (och slocknar helt till slut)

Svérare och svérare att 6ppna dor-
ren/doérren &ker igen fortare och
fortare vid manga pé rad féljande

oppningar

for att visa pa hdg temp./energifor-

brukningen*

Satt att & info for planeringshjalp:
- scanna vid inplacering

- scanna kvitto

- V&g i hyllplan

- kameraigenkanning

- 3D scanning

Sjalvscanningssystem i af-
faren &r kopplat till kylen s&
att ett varningssystem ak-
tiveras om man koper varor
som redan finns hemma*

Utnyttja handlingskvitto eller
sjalvscanning i affaren for att
f& information inkdpta varor

till kylen, indikera var i kylen

varan placeras

Skicka veckomeny till kyl-
sképet, famijen kan komma
med synpunkter, kylen gor
an shoppinglista av menyn*

-programera via menysystem
- smartglas sa att man kan se utan att dppna
- taligenkanning

Rfid/kamera/vikt/scan-
ning for att fa information
pa kylsképsdisplayen/i
smart phonen

connectivity och
igenkanning

connectivity, avlasning av
kylens innehall och dess
bést fére datum som kan
ses i telefon

mataffar

kommunicera med

mataffaren genom kylen

Planering

arstidsberoende
Matkalender péa displayen.
Arstidens varor, receptforslag,
synka med néara och kéra, dela
med sig av matupplevelser*

receptforslag for arstider,

for se rester (om lagat fran
tidigare forslag finns lagrat
annars latt att knappa in)*

receptforslag

Rfid och app: fraga via
smart phone “finns mjolk”,
fa svar (ja 1| bast fore...)

viktsensorer i hyllplanen
som kan avgodra hur mkt
som finns kvar av varje
vara sa att du vet det
nar du handlar och listan

“dinner app* - alla i hushéllet
maéste attenda middagen, de
kan 6nska maltider, och menyn
sénds till mataffaren sa att mat-
kassen kan hamtas upp dar

autouppdateras*

Inkodpslista pé displayen
som ar synkad med mobil-
er och datorer i hushaller,

listor

Inkdpslista som automatiskt
pabdrjas av kylen, baserat pa
vad som finns och dess status,
samt om varor tar slut*

Ink&pslista som tar hansyn
till v@nner och bekantas mid-
dagsplaner , kollektivhandla

Den automatiska inkopslistan ar
baserad pa arstidensvaror och
tillgéng, foreslar aven recept*

Slumprecept efter de ingre-
dienser som finns i kylen
och behdver konsumeras

info om mats status

Férenklad info (typ mejeri 8

prod. /) viasas pa displayen.

klickas i kan mer info fas

Info om hur mkt det &r
kvar av olika rester och
vad som behdver laggas
till for att fa god maltid



Ge doérren mer isolering for att sky-
dda varorna i doérren béttre

Peltiercell

Varmt/kallt
-temperaturévergangar

snabb nedklning med
Peltier och skydd dver
sd att varmen ej sprids

*

Quick chill; en avdelning i kylen
som kyler direkt och fort

Nar varm mat stélls in i kylen isol-

En stekpanna/gryta som kan stéllas
P oy eras den av en isolerande bubbla

in i kylen med varma rester och déar
kopplas sé varmen gér ut ur kylen
till rummet

Varm mat in Isolerande “cooling box“ som kan

placeras i kyl/frys med varm mat i och

Transferzone — varmt till kallt, kallt
till varmt, 6vrig tid?*

Upptiningsradgivning - s&g till nar en ratt
ska lagas och hur, kylen s&ger nar maten
béast skall tinas och hur (direkt frys stek-

panna eller 2h i rumstemp forst?)*

Planering av matlagning i smartphone
— kopplad till kylen — stéller automa-
tiskt larm for nar nagot ska tas ut och

tinas — meddelas till anvandaren®

Tining av mat pd alt. satt. Utnyttja
varme fran elementet.
Kall mat in

D4 fryst mat placeras i kylen avges
okat ljus/trevligt ljud och pa display-
en star uppmuntring/feedback om

“tjanad“ energi*

transportera vérmen ut ur kylen/frysen

En metallhylla fastkopplad i dér-

rhantaget som visar OK d& maten i

den ar sval nog for att ga in i kylen

En stekpanna/gryta som kan stéllas
in i kylen med varma rester och déar
kopplas s& varmen gar ut ur kylen
till rummet

En hopfallbar metall/hardplastpase
finns i kylen dar varm mat kan plac-

eras och varmen effektivt foras ut
liten hylla som

sakta ror sig in i
kylen s& maten
kommer in forst nér
den &r kall

Kylen &r indelad i temperaturezoner
(varmast 6verst). varm mat placerasi
liten hiss dver och sanks sakta ned till
ratt niva allteftersom den svalnar

mat kan distanstinas via
dator/telefon. sdg nar den
ska vara tinad och kylen
fixar*

Sensorer runt dorren

som kanner nar for

hdg temperatur nar-

mar sig och ett alarm

(ljud/ljus) satts igang*
Defrost compartment i kylskap.
bra idé, detaljer pa blad E *

Rorelsesensor som vid “vift-

“Kylbok” - hyllorna
ning“ dppnar kylskapsdorren

kan bladdras mellan

’ 2 dorrar, en stor
som i en bok

och en liten méanga fack och
dorrar avsedd for

specifika varor®

Gummistripes som
stanger in kylan

SKutdorr 1 91as, - iqpaer far dorr

som i butiksfrys

roterbar doérr som
en [6nndorr

utfallbar hylla pa handtaget
som &r en avlastinings yta
som férkortar dppningstiden
/antalet dppningar

kylutrymmet sluts till
nar maten dras ut*

olika tatslutna fack opti-

_minsl_(a Sppn- mala fér maten , vakuum-
Skjutdérr pa ingstid/under- fack, korta hyllplan som
Transparent eller hojden (som 1ada som tillsluts bakom latta 5ppning &r obegrénst fiyttbara,
smart glass dorr* arkivskap) S8 att kyla ej lacker ut nér X ) interidra lador*
kylen 6ppnas Lador som 6ppnas
med en knuff
d Flera l&dor och langsgéende
Byraladedppning®  @orrar handtag - nar motsvarande del
Oppning frén tva Lucka uppat/nedat . B} av handtaget vidrérs 6ppnas
hall; sk&p och P Lada som kan 6pp-  ¢e ladorna* uppbyggnad
18dor* lador door-in-door nasi1 och 2 steg
kyl-kdksd
H kansla av professional
Utformning P

Runt och roterbart

i

dorr

(av 6ppning)

< g
< H

Roterbar kyl med
olika typer av 6ppn-
ingar frén olika hall,
lattillganglighet och
haftigt

Utsnurrbara hyllor

som i ett hornskéap
Utdragbar kryddskapsliknande

burkhylla**

runda/roterand hyllplan
inuti for att oka Gversikt

och filganglighet dorr/l&da tvéa 6ppn-

ingsmajligheter i en

Luftgardin som barriar*
aven feedback pé att
det &r en barriar

Ett mindre kylskap
sd att man maste
képa hem mindre

Modulart sa att utrymmet kan
tildkas/minskas efter behov.
Flera dorrar/lador och ev &ven
utspridda enheter*

Kylsépsskép hangandes
Over diskbanken som ett
koksskap i dgonhojd*

stanga inne kyla

sparr som forhindrar
frekvent dppning
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APPENDIX Xlll: Part concepts - The Organized
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The Organized

Functions and features

The Organized was a combi-bottom refrigerator
with the freezer in the bottom. The entire front was
glass coated and its dimensions were slightly lower
and wider than most refrigerators in order to make
it easier to reach the top compartment.

The top door of the top compartment was made off
Smart glass, so it was opaque until it was touched
and turned transparent, so the contents could be
seen without opening the door. The door to the
large compartment had an integrated display, which
was invisible until it was interacted with. In the in-
terface it was possible to write a shopping lists that
were synchronized with for instance smart phones to
facilitate planning. Settings of the refrigerator could
be made and information about how different food-
stuffs should be preserved accessed. The refrigerator
could also remind the user of products which had

not been moved for a long time, or give notifications
to for instance bring the lunch box.

The Organized also aimed to change the user be-
haviour in placing warm food into the refrigera-
tor by giving immediate feedback on the action. It
would by means of IR sensors around the opening
detect instantaneous temperature increases and then
turn the interior light redder, communicating that
the temperature in the inside would raise affecting
the food in a bad way.

To the left of the large compartment there was a pull
out larder, which also could be opened as a small
quick access door for frequently used products.

In the flexible large compartment there was a system
of detachable boxes for leftovers. It included boxes
connected to a display strip on which date label-
ling, contents and special storage settings could be



accessed. Thus, taking care of leftovers and broken
packages was encouraged and facilitated.

To encourage the user to finish the oldest food first,
an eat-me-first zone was suggested. In this zone lit
up by green LEDs, products close to expire could be
placed to highlight and remind that they had to be
consumed. In the same compartment were also “flip-
click shelves” suggested to further increase the flex-
ibility and possibility to customize the space. These
shelves could be flipped down or up against the wall
depending on the dimensions of the stored items.
There was also a dividable box for vegetables and a
cold compartment for eat and fish, which was about
zero degrees.

The top compartment covered with smart glass
could be opened by sliding down the door, making it
impossible to open the other doors at the same time
by force. The carousel shelf behind the transparent

door facilitated reaching things at the back, and gave
easy access to products often used together. The car-
ousel shelf had “cake piece trays” where entire kits
of products such as the breakfast kit could be placed
on one tray so they could be taken out all at once,
and the opening time hence shortened. The carousel
could be turned from the outside by swiping on the
glass door, and it could learn its usual position at a
certain time of the day to then auto turn.

When opening the quick access door at the side fre-
quently used drinks could be reached and there was
a fruit bowl encouraging users to more eat fruit. If
using the horizontal handle instead of the vertical
the entire larder could be pulled out. In the larder
the was space for storing bottles, cans, jars, tubes etc.
with good overview, and it was less cold than in the
large and the top compartment.




APPENDIX Xlll: Part concepts - The Professional

Functions and features

The Professional was placed under/in line with the
kitchen worktop and had several compartments and
drawers tailored to optimally preserve different food-
stuffs, i.e. food was placed according to type and
what temperature and humidity demands. The top
surface could be offered in different colours so Lou-
ise could choose the one she fancies. The top surface
was not only decorative but also functional, since it
could be used as a working bench. There was a fan
at the back of the refrigerator that led up the heat
that otherwise is spread in the room. With the fan
turned on the surface could be used for tempering
food, fermentation of bread or to speeding up thaw-
ing (which better should be encouraged to do in the
refrigerator). If the fan was turned off the top surface
was suitable for cooling down food before putting it
in the refrigerator since it featured temperature sen-
sors. If something too hot to put in the refrigerator
was placed on the surface indicators would turn the
surface red around the food and the intensity of the
colour would decrease until it disappeared and the
food was cold enough to go into the refrigerator.

Each and every drawer would have sensors and spe-
cial features prolonging the durability of the food, like
a mineral filter reducing ethylene gas and moisture,
and light of red and blue wave length making veg-
etables mature slower. There would also be a speci-
fied temperature interval adapted for each drawer’s

contents, and a temperature indicator on the outside
showing the temperature in absolute numbers when
the surface 1s activated (touched). Otherwise only a
small circle would be visible. The temperature indi-
cations would inform the user if the temperature in
the drawers are in the right interval; if any happened
to be to high the indicator would lit up in red instead
of withe and if it were too cold it would turn blue
to give feedback. Apart from the special functions
the drawers interior and size were designed to offer
good overview and space for different groceries, and
to keep good order.

The Professional did not have a multifunctional dis-
play; instead it should come with a special application
with a clear and stylish interface. The application
would have functions that expanded the professional
experience and educated and engaged the user in the
food management. There would be recipes from the
professional chefs working for Electrolux all over the
world, giving the persona Louise the possibility to
find the latest professional trendy recipes to cook for
her friends, increasing her interest in food and thus
start caring more about the foodstuff. There could
also be information about foodstuffs; how they are
best taken care of and their contents, advices how
and when to chill and thaw food connected to a tim-
er function and the possibility to make personal set-
tings and adjustments.




APPENDIX Xlll: Part concepts - The Communicator

Functions and features

The looks and the appearance of the interior were
undefined. Instead the focus was on the virtual
functions. The concept was visualized with a more
unique form than the other concept, mostly to show
that it could be very different from the conventional
refrigerator. It was completely freestanding with a
small table around it on the back. The table could
be used when having a snack or interacting on the
display, which could be visible on both sides of the
refrigerator. Since it had eye tracking it could detect
where the user stood and turn up there with custom-
ized settings to make it more personal. The table had
a part sticking out by the door that could be used
when loading/unloading the refrigerator, so the door
did not to have to be kept open for as long as when
having to turn to another surface.

To prolong the durability of foodstuffs The Commu-
nicator could have a larger freezer compared to re-
frigerator. It also featured a built-in water dispenser

by the table to eliminate door openings for taking
out water.

The interface oft the Gommunicator offered func-
tions within three areas - overview of contents, as-
sistance in planning and recipes et cetera for inspira-
tion. It had content awareness, which means that it
by means of cameras and sensors, or possibly RFID
tags, could keep track of its contents and share the
information with connected devices. This allowed
the user to know what they had at home and what
were soon to go off’ without having to check in the
refrigerator. If knowing what there is in the refrig-
erator when being at the supermarket the user could
avoid buying doublets. S/he could also have sugges-
tions of what to cook based on what there already
were at home.

When the user opened the door products needed to
be consumed soon could be highlighted. Since the
Communicator had voice control it could also be
possible to ask for products and they will be high-
lighted to be found faster. In the interface informa-



tion about food storage, different foodstuffs, their
nutritive contents, their environmental impact and
so on sould be presented in an engaging way to edu-
cate the user. Pinpointing the effects of actions such
as putting warm food into the freezer could also be
suitable.

Competition is a strategy for changing behaviour,
why allowing the user to compare statistics over food
purchases and energy consumption could be a good
way to encourage a more sustainable behaviour.
Based on the content awareness were the shopping
list and the support to choose dishes to cook two key
functions. The shopping list could either be written
right on the display, as it had been a real piece of
paper hanging there, or things could be added by
the voice control. The list could be synced with other
devices and it could even be sent to the food store for
the groceries to be pick up or delivered to the door.
Based on the weekly menu planned on the Commu-
nicator, the ingredients from the chosen dishes that
were missing in the refrigerator could be automati-
cally added to the list. When planning for the entire
week in advance less food is bought in vain, and the
quantities needed can be optimized. The refrigerator
could send a reminder of what to buy by whom and
when in order to have the ingredients fresh at home
when they are needed.

In order to make the planning more enjoyable and
engaging users in caring for the food and the envi-
ronment, there were the inspiration functions, where
the bank of recipes was the core. The Communica-
tor could easily adapt for the users demands; special
diets, budgets, desired ingredients, what they got at
home, cooking time, flavours etc., to find suitable
recipes. Thus the Communicator would serve as a
moderator when the user runs short of inspiration.
There could also be seasonal suggestions and maybe
also where to buy the ingredients nearby, or with
good offers based on the present supply. The cook-
ing instructions were shown on the display as an in-
teractive video with a chef or a friend cooking. By
navigating on a world map the user could connect
to friends and share recipes and other food related
things, something the target user would like since
she is a social person who likes trying new things. If
having near and dear far away there could also be a
possibility for co-cooking or dining together via the
Communicator.

To conclude this concept it offered endless possibili-
ties of functions since it had the content awareness
and the Internet connection. But it was important
to pinpoint that it should not have any features that
did not encourage a pro-environmental behaviour or
were very relevant and meaningtful for the Electrolux
brand and its heritage, or for the target user.



APPENDIX Xlll: Part concepts - additionals
Extras: Expression, character, customization, awareness...

e \Wake up/fall asleep when starting stopping interaction. Light up slowly, pulsating light heartbeat
breathing, noises, vibrations Communicator

e \/oice recognition so it is personally customized for each user (foremost the communicator) The
interface is adapted for each user and learns how you interact and creates shortcuts for you

e Turn the shelf according to who uses it and when Organized

e |[f the display is large notes can be written there and only shown when desired (like dashboard)
Communicator/Organized

e Patterns and light with meaning — all of them giving some sort of feedback all but differently

e Change colour and appearance of the entire front as the user likes to have it (if all is a display or lit
up with LEDs for instance, or projection) Communicator

Immediate connection btw action and consequence:
Door openings - decreasing light intensity inside Proffesrional
changed colour of the light Organized (synced with the coloured temperature
zones)
increasing light signal
very subtile countdown/alarmclock signal Organized
air stream starting when opening (the heat from the back?)
termometer/numbers showing temperature incease all but differently
a meter showing increased cost, kWh, or anything else
handle gets warm (tactile feedback) Organized/Communicator (not necissarily
handle)
colour change of handle

Momentanous temperature changes -  measured with IR sensors Proffesrional (Organized)
frozen food -> reward (points, symbols ratings, vouchers..)
Telling in advance what will happen if you do this and that
incentive will come so the user can change her mind
hot food -> warning Communicator
point deduction
suggest alternative action that is good

e The handle is very hot/cold depending on the temperature conditions inside (unpleasantness,
direct feedback)

e Triggering reminders -> make it emotionally affective to do wrong (kill the frog...) create bad con-
science from wasting food all but differently

e Reference objects/indicators to show the status the food should have in the present climate of the
fridge.

* Hot food: light tums read | Also communicate in numbers: degrees all, durability off food Profes-

* Frozen food: blue light sional, electricity bill, compare with oneself Communicator (earlier)
Organized

Communicate visually: patterns for instance

e Tactile surprises on handle Organized

e Hidden surprises/new occurences in the fridge Communicator, carusel shelf in Organized

e Light up items not used for a long time Communicator

Interior modules: Organized

e Special porcelain (or plastic) trays, forms, plates, boxes etc produced by designers/other brands
as co-branding limeted editions, tailored to fit in the fridge. Also fit with other appliances (dish-
washer, freezer...prof.)

e Vaccum box, defrost box, hot food box etc to place over on an designated place on the shelf with
little display for settings



APPENDIX XIV: Evaluation - functions vs focus area for sustainable

Evaluation of concepts and features with derivation of used intervention strategies

OK1 = fit focus 1, optimal preservtion
OK2 = fit focus 2, temperatures

behaviour

*high\\/ promising

Concept Focus area Adopted DSB categories Adopted DSB strategies Usage situation* Expected effectiveness
The Organized Increase overview 1. Spur Primarily single use, sec- Education and communication
and accessibility 2. Steer ondary needs of intended usage needed

The Professional

The Communicator Encourage and fa-

-> waste less energy
Save leftovers
-> waste less food

Improve preservation  { gieer

and awareness of con- o Enligthen

tents-> waste less food

First time and activities

High, long term. Raised awar-
ness of preservation. Placment
have to be communicated.

Change in lifestyle, product

1. Enlighten
cilitate planning -> Buy o Spu% Neee dependent, behaviour gone if
less and use every- product gone
thing. No waste
Features
* Eat me first zone  Use before going off Enlighten, Exhort behaviour, Scripting Needs Immediate, long term if
Steer becoming a habit
Kits of products Shorter/less openings, Spur Convinience Activities Must be evaluated physi-
used together less energy waste cally
% Encourage thawing Hot/frozen manage- — ----- - Activites s
OK2 in fridge ment-> gain energy
Transparent door  Overview, less openings Spur Convinience Single use Convenience is determining.
-> less energy used
Inviting fruit quick  Eat more veggies, ac- = Spur Convinience, Needs Lifestyle change, over time
access cessibility -> less waste Incentives...
Quick access door accessibility, less long ~ Spur Convinience Single use Doubting. Depends on
openings -> waste less organization
energy
% Direct feedback on | Hot/frozen food Enlighten Immediate Activities High but annoying
management, invisible feedback

OK2 hot food (light)

Leftover system
OK1

Features

energy -> less waste

Take care of leftovers  Spur
->less food waste Enlighten

Focus area

Adopted DSB categories

Enhanced benefits
Information

Adopted DSB strategies

Needs, activities

Long term \life
style change

*See the irefrigerator-user nteraction cycle

Usage situation

Expected effectiveness

* Durability enhancing
| technologies

Pull out larder

* Chilling down tem-
perature indication
OK2 surface

Warm surface using
waste heat

Kitchen/food man-
agement seamless
system with trays etc

Local temperature
OK1{ zones

* Shopping lists and
synchronization

Recipie bank

Reminder of prod-
ucts to consume

* Competition, com-  Decrease consumption Spur, Enlighten

pare with the past

Carousel shelf

Placement for better  Spur
preservation-> less
food waste

Placement for better  Spur?
overview-> less food
waste

Hot/frozen food -> Enlighten
less energy and food
waste

Hot/frozen food

Additional benefit Spur

Placement for bet-
ter preservation

Planning -> waste Enlighten
less Spur

Planning (inspiration)  Spur
-> waste less through
finding ways of using

Use before going off  Enlighten

Food placement Spur
(accessibility and
overview)

Spur, but not obvious

Spur, Enlighten

Incentives

Convinience?

Immidiate feedback, Support
relatedness, Enlightment through
interaction and experience

Enhance benefits

Enhance benefits,
convinience

Incentives

Support Autonomy;,
Convinience

Incentives

Information for sustainable
behaviour

Competition, feedback for
self monitoring

Fun theory, convinience

Activities, first time use

Single use

Activities, needs

Needs

Activities

Activities, first time

Needs

Needs

Activities

Needs

Single use

No direct behavioural change

Low, but good overview and
organization

Immediate, educates!
Benefit for the user, use waste
Energy. Little behaviour change.

Benefit for the user, convinience

Good if communicated, otherwise
terrible

If effortless, very effective

Indirect and low, inspirational

Depends. Easily ignored

Most effective in the begin-
ning, then the change might
be sustained

Better control, relatively high

*See the irefrigerator-user nteraction cycle



Evaluation of concepts and features with derivation of used intervention strategies

Features

Focus area

Adopted DSB categories Adopted DSB strategies

Usage situation

Expected effectiveness

OK1

Recipe suggestions
based on contents

Self-closing
drawers

Numerous custom-
ized compartments

Loading/unloading
surface

OK2

OK1

Cooking instruction
videos

Colour coded
interior

Know contents
away from home

Purchase optimiza-
tion and weekly
meal planning

Visible energy con-
sumption

Visible absolute
temperature and
interval accordance

Storage/preserva-
tion suggestions

Features

use food before
going off

Prevent heat leakage

Food placement for
accessability and
preservation

Decrease door
opening time -> less
wasted energy

(Engage and inspire)

Food placement,
organization and
preservation
Planning, use before
going off

Planning, less food
waste

(Decrease energy
consumption and
increase awareness)
Educate to right pres-
ervation (food place-
ment) -> less waste
Food placement for
preservation and
overview

Focus area

Enlighten,
Spur

Force,
Match

Force,
Spur

Spur

Enlighten
Enlighten,
Spur

Enlighten,
Spur

Spur

Enlighten

Enlighten

Enlighten

Engaging information,
Convinience

Forced functionality

Habit intervention,
Order and aesthetics

Convinience

Guidance from authority,
Modelling

Information,
Order and aesthetics?

Information,
Convinience

Goal setting, Enhanced benefits

Enlightenment through Interac-
tion and Experience

Exact feedback

Information

Adopted DSB categories Adopted DSB strategies

Needs

Single use

Activities, single use

Activities

Needs

Activities

Needs

Needs

all

Single use

Activities

Usage situation*

Dependening on the function,
effective when in use

Good result, BUT when using
another fridge it can have nega-
tive effect

Immediate, but items has to be
orginazed properly *

High e

None, just inspirational and
engaging

Uncertain

Excellent *

If becoming a routine, high

High, especially if directly as-
sociated with actions *

W

Little, demands effort from the
user

High

*See the irefrigerator-user nteraction cycle

Expected effectiveness

Thawing/chilling
timer

OK2

Food information
(contents, impact,
heritage, nutrition...)

Patterns emerge

Hot frozen food and
planning

Education and
awareness

Education and

connected to energy awareness

consumption

Flip-click shelves

Mirrors on inner
walls

Additional modules
for organization from
other companies

Organization for
overview

Overview and
awareness

Overview and
awareness

Enlighten

Enlighten

Enlighten,
Spur

Spur

Spur

Information, Feedback

Engaging information,
Enhancing resource value

Enlightment through interaction
and experience,
Order and aesthetics

Order and aesthetics

Order and aeathetics,
Affective design

Activities

Needs

Needs

Activities

Activities, Single use

All

Helpful, medium effectiveness

g

Long term lifestyle change

If well communicated; Long
term lifestyle change

Helpful, medium to high
effectiveness

Uncertain, needs to
be physically tested

Uncertain



APPENDIX XIV: Evaluation - part concepts vs need and demand list

Need and demand list extract for evaluation

2. Technical aspects
2.1 Possible technology

3. Interaction

3.1 Be intuitive/easy to use

3.4 Offer an interesting experience

3.5 Be supportive

3.7 Advice cooking for sustainable inspiration

3.8 Enhance the experience and the social aspects of
food

3.9 Not demand more effort than present refrigerator
without clearly communicated benefits

4. Functionality

4.1 Offer temperature and humidity conditions so
products of the following categories last at least to the
declared expiring date:

dairy products, meet and fish, vegetables,
€ggs, fruits, drinks, jars and cans, post-
prepared food, etc

4.3 Support thawing food in energy efficient and
controlled ways

4.4 Support chiling down food in energy efficient and
controlled ways

4.5 Allow easy taking out of foodtuff
4.6 Allow easy loading

4.7 Offer overview of contents (a. know what there are
inside b. know where what is placed)

4.8 Give information/feedback on energy
consumption

4.10 Support food planning (shopping and meal
planning)

4 11 Guidance in what to store where

4.12 Support keeping good organization

4.18 Facilitate knowing status of food (including
leftovers)

4.14 Allow flexibility and meet needs of different
occasions (modes)

4.16 Help saving time

4.17 Be easy to keep clean

5. Food management

5.7 Support saving/utilization of leftovers

6. Design demands

6.2 Offer overview of contents

6.3 Preserve foodstuff from crushing
6.4 Fit into the kitchen interior

6.5 Flexible for shifting needs

6.6 Support organization of foodstuffs

7. Customization
7.1 Attract the target by being:

a. A way of expressing themselves through

the product
b. Supportive to their social lifestyle
c. tempting to interact with

7.2 Upgradeable

8. Expression, formal functions
8.3 Unique (i.e not mainstream, too ordinary)

8.5 Perceived as reliable and competent

8.9 Invite to consume the contents

10. Market

10.2 Strengthen the bond between the consumers

and Electrolux



The Organizer The Professional The Communicator Comment
2 1 0
0 1 2
placering, rester 1 varm/kall mat 1 2
3.7 0 1 2
3.8 0 0 2
2 1 1
1 2 undefined
0 2 1
0 2 undefined
2 2 undefined
2 0 1 not a big difference!
1 0 2
1 2 undefined
indirect 1 indirect 1 2
1 0 2
1 2 2
2 1 0
1 1 2
1 1 undefined
0 1 2
0 2 undefined
save 2 0 use 2
2 1 undefined
1 2 undefined
1 2 0
2 1 undefined
2 2 0
0 1 2
0 1 2
1 0 2
1 1 2
0 1 2
0 2 1
1 1 1 same same but different
0 2 1
32 41 38




Functions of final concept

An evaluation which key aspect
each feature satisfies the most and

how

Key aspects:

a. Functionality

b. Sustainable behaviour
c. Target user

d. Electrolux

Hot food indication on top surface

a.—b. Yes, preventing loading of warm
food in fridge. Learning user when food
has ok temp.c. ? depending on how d. —

Working bench/(un)loading
surface

a. Facilitate b.Shortening door opening
time c.—d. —

Warm top surface

a.— b.Yes, if communicated where the heat
comes from c.? Makes it unique d.Seems
innovative, differentiate, professional?

Kitchen scale in the top surface

a.— b.Yes, encourages cooking the right
amount of food c.Convenient, unique,
better than others, advanced but simple
d.Professional

Thermometer on the scale

a.— b. Help the timer function to work,
learn temperature and thawing times c.—
d.Ingenious

Thawing timer

a.— b.Yes, change behaviour to thaw in
fridge c.Yes, in control, feel good etc.

APPENDIX XIV: Evaluation - functionality, Electrolux, persona & DfSB

Important that it is easy d.Yes,
communicate professional expertise

Storage/placement guidance on
the display
a.Yes b.Yes, the food is placed where it

should c.— d.Professional knowledge with
ability to guide

Kitchen towel dryer

a.— b.Enlightment of energy usage —if
communicated c.? uniqueness, should be
nicely looking to attract d.Environmental
thinking, strenghten eco-friendly image —
if communicated

Indication of temperature
accordance/deviation on the
outsides

a.— b.Yes, enlightment of actions and
educating about what's suitable c.— d.—

Indication of “work in progress”
when the refrigerator is
readjusting to the right
temperature

a.— b.Yes, feedback on that energy is
needed to meet the previous action ¢c.—d —

Detachable interior for increased
cleanability

a.Yes, preventing growth of micro
organism and make it easy to keep clean
b.— c.Yes, convenience (can put the parts
into the dishwasher) d.Professional,
important to keep clean and hygienic

Self-closing drawers

a.Yes, keep suitable indoor climate b.?
awareness of long door opening if closing
after a while ¢ — d.—



Eat soon zone

a.— b.Yes, encouraging and informing of
food that needs to be eaten. c.Uniqueness,
she can use it as she pleases d.User in
focus, "Thinking of you"

Big graphic symbol on each interior
compartment

a. —b. Informing of right placement c¢.—
(simple information) d. —

Small graphic symbols, digital on
“display strip”, lit up on the edge of
each exterior compartment,
showing examples of stored items
a. — b.Informing of right placement ¢.—
(simple information) decorative/

aesthetically pleasant
d.—

Cold vegetable compartment with
red/blue light and sealing lid (to
keep humidity). Maybe mineral
filter too

a. b.c.d. Premium feeling

Pattern in the bottom surface of
the vegetable drawer minimizing
the contact surface

a. Makes vegetables last linger

b.c.Something special, aesthetically
pleasant

d.

Cold meat compartment with
extractable trays

a. Hygienic, minimize risk of odour and
bacteria transferal
b.c.d. Professional feeling

Cold drawer for long-storage of
dairy products etc

a.b.? Encourage users to keep the food for
longer c.d.

Highly adjustable drawer for
smaller items in the mid-
compartment

a.b.c. Yes, flexible d.

Pull out compartment for bottles/
jars

a.b. Quick access — less cold compartment
that is separated matches the current
behavior of taking jars in and out when
cooking c.d.

Pantry compartment for drinks,
potatoes etc.

a. Have to chill less for the things not
having to be as cold preserved -> energy
savings b.c.

d.

Additional storage accessories to
buy

a.b.c. Yes, ability to personalize d.

Extras:
Leftover management ribbons with

RFID
a.b.c.d.

Interior parts fit into the
dishwasher and oven of the same
range

a.b.c.d.

Competition?Planning app?



APPENDIX XV: Semantics and food associations

The meat/fish box

Since this part of the refrigerator is where the rel-
atively expensive meat and fish should be stored it
can be seen as a a more exclusive part. It is therefore
suitable with a professional touch and the box should
have professional design cues. The box could be in
stainless steel with a removable tray that (as common
in professional refrigerators) can be placed directly in
the oven. Metal emphasises the expression of cold-
ness since it feels cold when touching, an expression
important to associated with meat. The box should
describe high cleanability, and thus is stainless steel
a suitable material. Colours that should be used for
meat is red, and a cold bluish lighting could be suit-
able to communicate the low temperature.

The vegetable/fruit boxes

The expression of the vegetable boxes should be
fresh, healthy, crisp and light. The expression could
remind of a sunny day in spring with cold fresh high
air and vivid colours. Glass was thought of as a suit-
able material but a glass-like plastic material might
be better from a durability point of view and is also
cheaper. The vegetables and fruits are often sensitive
foodstuff, and commonly wasted why they have to be
taken better care of. The box should describe that it
protects its contents. In a supermarket fruit is usu-
ally presented in an inviting and beautiful way very
dissimilar from in the refrigerator at home. A more
attractive presentation in the domestic environment
that also keeps the freshness of the fruits and vegeta-
bles are therefore welcome. Crystal clear plastic ex-
press coldness and freshness and suitable colours are
foremost green for green for vegetation, but also blue
for water and clear sky and white lighting reminding
of sunny daylight.

The flexible space

A flexible space is mainly aimed for dairy products,
but also leftovers, juice and so on. The colour associ-
ated with dairy products is often milk white, which
thus is suitable to use. Dairy products are often stored
in packages that are square which the interior should
be designed to describe. It is important that this area
should have flexibility and customization possibili-
ties, described by for example subdivisions movable
along both the x- and y-axis. The drawer must be
high enough for tall packages, at the same time of-
fer solutions for small things such as yeast or a small
piece of cheese. Contrasts could be used to describe

which parts that are movable and adjustable, indicat-
ing flexibility and describing order. Colours and ma-
terials that could be used are milk white glossy plastic,
blue and/or green colour for associations to “open
landscapes” where the dairy products commonly has
its heritage and a contrasting material like a metal
communicating coldness.

The bottle and jar drawer

This drawer should have the temperature of a chiller
and should contain things that has not to be stored as
cold or that also could be placed in a pantry. The de-
sign could therefore describe that the things here are
stored warmer. Its closest equivalence in a conven-
tional refrigerator is the door shelves, or a cold ver-
sion of the spice-rack. The jars and bottles here are
often luxurious and or maybe homemade products
with heritage from all over the world. They are often
are kept for a long time and used to add extra flavour
to or to enhance the taste of a dish. The design of the
drawer should display the bottles and jars in a luxuri-
ous way and lift forward the vivid coloured contents
of for example jars of jam and marmalade. It should
describe high cleanability, because the content of jars
and bottles sometimes tend to stick to the outside of
the packages. This is a compartment that could be
frequently open while cooking, why it should express
that the contents will not overturn if opening or clos-
ing it quickly. Bottles and jars often have a circular
bottom surfaces unlike for instance milk packages,
which should not be stored in this compartment. By
having circular marks on the the shelves it could be
communicated that this drawer is not for milk and
yogurts. A bit of exclusiveness could be added to this
drawer to make it something special, to bring out pre-
sent the products in a. This could be achieved with
the choice of materials and colours, maybe wood or
metals. Another aspect to consider is that mostly glass
containers will be stored in this drawer, why a metal
shelf might give a too hard and not so pleasant feel-
ing when placing glass on it.

Drawer for drink bottles

This drawer should share the temperature with the
bottle and jar drawer. To describe it is aimed for
drinks and bottles a wave-shaped rack could be put
there to indicate that bottles should be stored here.
It should express stability, safety and comfort for
glass bottles but also freshness and tastefulness. In
this compartment is often heavy things stored, and
it should thus express robustness and high durability.



APPENDIX XV|: Form development - sketches
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APPENDIX XVI: Form development - from part to final concept




APPENDIX XVII: Calculations - wall thickness
Needed wall thickness

- to insulate and preserve temperature differences between the
compartments

The largest AT between two nearby compartments will be approximately 4 °C.

The Fourier law:

Where:

q = heat flow rate through the wall

k = thermal conductivity of wall material
A = wall surface area

dx = wall thickness

k ~ 0,025 for the insulation material

Hence:

kA(T; —T:)
X=
q
Inserting the values for the outer wall thickness of standard refrigerator today
and normal AT between room temperature and the refrigerator gives the value
of q:

Ax =35 mm

k=0,025

AT =20°C

A can be approximated to 1 m2 and thus be eliminated

kA(T, — Ty)
9=

Ax
0,025%20
q= ——c— =0,014285714 W /m3
Solving for x when AT = 4:
- 002 00000
¥1= 0014285714 " mm

The wall thickness needed to preserve a temperature difference of 4°C is thus
7mm, given that the same wall material as today is used. If using a more efficient
insulation material an even thinner wall is enough. However, because of the
gaskets a surface of at least 25 mm is needed to keep the doors sealed.



APPENDIX XVII: Calculations — placement of warm food

If 0.25 kg hot food (in the calculation represented by hot water) with a temperature of 40°C
inserted by one person per household it takes about AT = 20.5 K to lower it to room temperature
(if ambient temperature is of 19.5°C). If this food is directly placed in the refrigerator it will increase
the energy consumption with about 1.4kWh/year for a single person household.

Energy needed to chill down the hot food:
Heat load per day/COP*365

Heat load per day:
0.25kg * 4.19kJ/kgK * 20.5 K = 21.47kd = 0.0059 kWh/day

Energy needed per year:
0.0059 /1.5 * 365 = 1.4kWh/year

COP = coefficient of refrigerator performance, assumed to be 1.5

(ISIS, 2007)



APPENDIX XVII: Calculations — energy efficiency

(Statens energimyndighets forfattningssamling, 2005) Bilaga5 STEMFS
Ener gieffektivitetsklass: 06312

For att bestimma ritt energieffektivitetsklass skall apparatens energiforbruk-
ning (kWh per 24 h) och nettovolymerna (1) for olika slag av utrymmen be-
stimmas enligt de standarder som avses 1 7 §. Energiforbrukningen for 24
timmar multipliceras med 365 for att fa den arliga forbrukningen (kWh/ar).

Del 1: Defiition & K sssrma A @h A+
En apparat skall klassificeras som A+ eller A++ om dess energieffektivitets-
index alfa(I ) ligger inom de grinser som anges i tabell 1.

Tabell 1
Energieffektivitetsindex a (I,,) Energieffektivitetsklass
30=(I,) At
42>, =30 At
(I,) =42 A-G

I tabell 1 giller foljande: I, = %: x 100

o

dir
AC = apparatens arliga energiforbrukning (i enlighet med bilaga 1, not V)
SC,, = apparatens arliga standardenergiforbrukning

SC,, beriknas enligt foljande:

M, x 3 (Ve x (23Tl x FF x CC x BI) + N, + CH
Utrymmen 0

dar
Vc idr varje utrymmes nettovolym (i liter) (enligt de standarder som avses i

78
Tc dr utrymmets avsedda temperatur (i °C)

Virdena M, och N, anges i tabell 2, och virdena for FF, CC, BI och CH
anges i tabell 3.

STEMFS Tabell 2
2005:12 — -
Apparatkategori enligt Temperatur i det | M, N
bilaga 4 kallaste utrymmet | kWh/l, ar kWh/ar
1 Kylskap utan frysfack | > -6°C 0,233 245
2 Kyl-/svalskap >-6°C 0,233 245
3 Kylskép utan stjirn- >-6°C 0,233 245
mirkning
4 Kylskap * =-6°C 0,643 191
5 Kylskép ** <-12°C 0,450 245
6 Kylskap #** s —18°C ***/ 10,777 303
*(***)
7 Kyl-/frysskap *(***) | s -=18°C **%/ 0,777 303
*(***)
8 Frysskép < —18°C *(¥*%) 0,539 315
9 Frysbox < —18°C *(¥*%) 0,472 286
10 Flerdorrarsapparater 1 1
eller andra apparater

! For dessa apparater skall temperaturen och stjirnmiirkningen for det utrymme som
har den ldgsta temperaturen avgora virdena for M och N. Apparater med utrymmen
for —18°C *(***) skall anses vara kyl-/frysskdip *(¥*%).



Korrektionsfaktor | Viirde Villkor
FF (frostfritt) 1,2 For "frostfria” (ventilerade) frys-
utrymmen
1 Ovriga
CC (klimatklass) | 1,2 For “tropiska” apparater
1,1 For “subtropiska” apparater
Ovriga
BI (inbyggt) 12 For inbyggda apparater' med en bredd
pad hogst 58 cm
1 Ovriga
CH (nollgraders- | 50 kWh/ar | For apparater med nollgradersfack pé
fack) minst 15 liter
0 Ovriga

! En apparat anses vara “inbyggd” endast om den #r konstruerad uteslutande for
installation i ett koksskdp och har provats som s&dan.

Thus: | <30, | =AC/SC 100
o o o

DATA:

gasket leakage= 2,13 W/m

Pompador

Volume T(10° C): 80,7 litres, i.e. 35 % of total volume
Volume T(4° C): 91,0 litres, i.e 39 % of total volume
Volume T(1° C): 62,1 litres, i.e. 27 % of total volume
Length of gasket seals: 6,74 m

N, =1,M,=1,FF=1,CC=1,BI=1, CH=50

-> AC=84,48 kWh/year

-> gasket leakage= 2,136,47=14,4 W
-> total heat load =14,4/0,15=96W

Energy savings (hot and frozen food, temperature settings, data from table 11.1):
0,87x1,014x0,74=0,6528 -> 65,3 %

Same size as our concept but with one 4 °C compartment
Volume T(4° C): 282,4 litres

Length of gasket seals: 3,22 m

N =245, M = 0,233, FF =1,CC=1,BI=1,CH=0

-> AC = 94,5 kWh/year

-> gasket leakage= 2,13x3,22=6,9 W
-> total heat load =6,9/0,15=46W

Energy savings (hot and frozen food, temperature settings, data from table 11.1):
1,11 >11 %



APPENDIX XVIII: Final concept evaluations - HTA

Thaw food in
refrigerator

Unload thawed food

Receive and interpret
recived notification

Notification given to
cell phone and alarm
by refrigerator

Pick out thawed food
from refrigerator

1
Get groceries from
freezer . .
Activate thawing
functipn
Timer symbol
shown in display
I | and time ticking
down
Choose groceries Unload groceries on
8 workbench
Blue light around
the food
1 1 1
. Place food in
Choqse food typein indicated refrigerator,
Place food on scale the display to activat
— . ti drawer
Weight is shown in mer
display together with

symbols of food

Move food according
to the blue direction

Make sure the food is
placed inside the
arbing lighted area of the

Blue pointing marking|
towards scale

The scale is marked
out with white light

Symbol of refrigerator
drawer shown. Possible tg
choose room temp.




refrigerator when it is

Place food into the

chilled enough

Let the warm food chill down
to room temp.

Place warm food on
workbench

Red light shown
around food

Activate timer function by
pushing the timer symbol

Wait until chilled enough and
timer turns off

Indications on display on which|

Timer starts counting down

drawers that the food can be

placed in

Place chilled food into the
refrigerator

If too hot the drawer will

Arrange foodstuff
correctly into the
refrigerator

show a red light

Get help through interactive

guidance

Interact with the display

Press somewhere in the
display

The skelleton of the
refrigerator is shown

Press the wanted drawer in
the display

Symbols of groceries are

shown in each
compartment and then a
list of the most common
foodstuff for each drawer

Search in an external
application in cellphone

All groceries can be searched

for in an external app.

Get guidance from drawers

Symbols can be seen on
each front top edge




APPENDIX XVIII: Final concept evaluations - CW and PHEA

CW och PHEA  Thawing; unload on workbench to see blue light

JIN_ | Varfor? (F/S)

Problem (UP)

Anteckningar

1. Kommer anvéndaren férsdka uppna ratt effekt?

J | Placerar varor dér naturligt.
Vet att funktionen finns.

Skulle kunna placeras pa an-
nat stille.

2. Kommer anvandaren att notera att ratt handling
finns tillganglig?

N | Synsej om ej aktiverad.

3. Kommer anvéandaren att associera korrekt
handling med ratt effekt?

J | Bléttljus runt maten. Blatt =
kallt.

4, Om ratt handling &r utférd, kommer anvandaren
att se att handlingen har fér uppgiften narmare
malet?

] Ja. Feedback med blatt ljus
som riktas mot vég.

e Vilken handling kan anvandaren géra fel vid ratt tillfalle?
* Vilken handling kan anvandaren géra ratt vid fel tillfalle?
e Vad hander om anvéandaren utfor en ej fullstandig handling eller utesluter en handling?
« Vad hander om anvandaren utfér handlingarna i fel ordning?
Fel Orsak Konsekvens Upptéckt Aterhamtning
Placera varorna pa annat Vet ej om tiningsfunktionen. | Kan ej fa hjilp med timer- - Ja om placeras pa ritt stlle.
stalle. funktionen.
Placera kalla varor pa ytan vid| Anvidnder som avlasntning- | Blatt ljus runt varorna/ob- Ja. Flytta pa grejorna/ignorera.
annat tillfalle. syta. jekten.
Gar in i displayen for att akti- | Vet ej hur funktionen Gar ej. Frustration. - -
vera tining. fungerar.
CW och PHEA  Thawing; move food according to the blue direction marking
J/N_| Varfor? (F/S) Problem (UP) Anteckningar
1. Kommer anvandaren forsoka uppna ratt effekt? J Det bld ljlnlset har rlktnmg mot
upplyst vig
2. Kommer anvandaren att notera att ratt handling ] Ja. Da maten placerats pa ytan
finns tillganglig* aktiveras ljusindikationen
3. Kommer anvéndaren att associera korrekt ] -
handling med ratt effekt?
4. Om rétt handling &r utférd, kommer anvandaren . . P
att se att handlingen har fér uppgiften narmare ] Dlspla.yen aktiveras och garin
malet? i thawing mode
o Vilken handling kan anvéndaren géra fel vid ratt tillfalle?
¢ Vilken handling kan anvandaren géra rétt vid fel tillfalle?
¢ Vad hander om anvéndaren utfér en ej fullstandig handling eller utesluter en handling?
» Vad hander om anvéndaren utfér handlingarna i fel ordning?
Fel Orsak Konsekvens Upptackt Aterh@amtning
Flyttar inte den kalla maten. | Forstar inte flyttningsmark- | Tiningsfunktionen aktiveras | oklart Ja om flyttas.

Flyttar maten direkt in i kylen

Flyttar saker som ar kalla till
vagen som inte ska tinas.

Flyttar ej maten till vagen

(Gér in i displayen for att akti-
vera timern

eringen.
Vet bittre. Kan sjélv.

Dalig koll

€j.
Timern startar ej

Timern startar ej

Far tipset ddr att flytta varan

Nej eller sker medvetet

Ja

Nej

Ja. Flyttar vara.




CW och PHEA  Thawing; Make sure the food is placed unside the lighted area of the scale

JIN_| Varfor? (F/S)

Problem (UP)

Anteckningar

1. Kommer anvéndaren férséka uppna ratt effekt?

J

finns tillganglig?

2. Kommer anvéndaren att notera att ratt handling [

handling med ratt effekt?

3. Kommer anvéandaren att associera korrekt ]

malet?

4. Om ratt handling &r utférd, kommer anvandaren ]
att se att handlingen har fér uppgiften narmare

Vilken handling kan anvéndaren gora fel vid rétt tillfalle?
Vilken handling kan anvéndaren géra rétt vid fel tillfalle?
Vad hé&nder om anvandaren utfér en ej fullstdndig handling eller utesluter en handling?
Vad hander om anvandaren utfér handlingarna i fel ordning?

Fel

Orsak

Konsekvens

Upptackt

Aterhdmtning

Placera varan utanfér vagens

Varan placeras ej korrekt pa
vagen, den sticker ut

Gar in i display utan att kor-
rigerat placering

varan ar for stor

ignorerar att den 4r utanfor
markeringen
ignorerar att den 4r utanfor
markeringen

Ej korrekt vikt visas-> fel tid
visas

Ej korrekt vikt visas-> fel tid
visas
Ej korrekt vikt visas-> fel tid
visas

nej, inte forrrén timern
alarmerar

nej, inte forrran timern
alarmerar
nej, inte forrrdn timern
alarmerar

nej

nej

nej

CW och PHEA  Thawing; Choose food type in the display to activate timer

JIN_ | Varfor? (F/S)

Problem (UP)

Anteckningar

1. Kommer anvéndaren férsoka uppna ratt effekt?

J | valerbjuds

Inget passande val erbjuds

finns tillganglig?

2. Kommer anvéndaren att notera att ratt handling ]

handling med ratt effekt?

3. Kommer anvéndaren att associera korrekt ]

Guidas pa displayen

4. Om ratt handling &r utférd, kommer anvandaren : : - 3 ot S ol _
ait se att handlingen har for tppgiften narmare ] Rlace‘rmg i kyl foreskas och forst'fir ej att varan ska plac
mélet? tid visas eras i kyl
¢ Vilken handling kan anvéndaren gora fel vid ratt tillfalle?
¢ Vilken handling kan anvéndaren gora ratt vid fel tillfalle?
¢ Vad hander om anvéndaren utfr en ej fullstandig handling eller utesluter en handling?
« Vad hander om anvéndaren utfér handlingarna i fel ordning?
Fel Orsak Konsekvens Upptéackt Aterhamtning

vilja fel slags mat

timern kan ej aktiveras, det
gar ej att ga vidare

rétt val erbjuds ej, rakar
trycka fel

man ir dum

ev. fel tid

man kommer ej vidare

oklart

inget hander

nej




CW och PHEA  Thaw, Place food in indicated refrigerator drawer

J/N

Varfor? (F/S)

Problem (UP)

Anteckningar

1. Kommer anvéandaren férséka uppna rétt effekt?

den ar upplyst, pa display och
pa lddan

vill tina snabbare och viljer
rumstemp.

2. Kommer anvéndaren att notera att ratt handling
finns tillganglig?

dubbel indikstion

3. Kommer anvéndaren att associera korrekt

timern kor igdng, bonusmon-

i 3 ? . o . .
handling med rétt effekt? stret vixer, ladljuset slicks

4. Om ratt handling &r utférd, kommer anvandaren
att se att handlingen har fér uppgiften narmare
malet?

timern raknar ned

Vilken handling kan anvéndaren gora fel vid ratt tillfalle?

Vilken handling kan anvéndaren géra rétt vid fel tillfalle?

Vad hénder om anvandaren utfér en ej fullstandig handling eller utesluter en handling?
Vad hander om anvéndaren utfér handlingarna i fel ordning?

Fel Orsak Konsekvens Upptéackt Aterhdmtning

placerar i annan lida vill hellre det timern kan visa felakig tid - -

placera varan pa végen igen
och gor om

for snabb eller vet redan
tiningstiden

placera maten i ladan innan timern startar ej ingen timer

typ av vara vald
timern slar automatiskt om
till rumstemp.

man vill tina varan snabbare ny, kortare tid visas pa tim- |-

ern

varan lamnas pa toppytan

som punkt 2 - - - -

CW och PHEA  Thaw; Understand when food is thawed

J/N | Varfor? (F/S) Problem (UP) Anteckningar

[Hor alarm, ser att timern 4r pé noll,

1. Kommer anvéndaren forsoka uppna rétt effekt? ] ladan lyser och meddelande mottagef

2. Kommer anvéndaren att notera att rétt handling  [J -
finns tillganglig?
3. Kommer anvandaren att associera korrekt J

handling med ratt effekt?

4. Om ratt handling &r utférd, kommer anvandaren ]
att se att handlingen har fér uppgiften narmare
malet?

Forstar att kylen vill nagot...

¢ Vilken handling kan anvandaren gora fel vid ratt tillfalle?
¢ Vilken handling kan anvandaren gora rétt vid fel tillfalle?

¢ Vad hander om anvéndaren utfér en ej fullstandig handling eller utesluter en handling?
« Vad hander om anvéndaren utfér handlingarna i fel ordning?

Fel Orsak Konsekvens Upptéackt Aterhdmtning

Har stangt av meddeland- Maten tinad i kylen Ja da man tittar in -

efunktionen, dr ej hemma

Missar alla upplysningar

Tror att varan ar tinad i fortid | flera varor tinas samtidigt, | Maten ej tinad. Ja Vinta
fel i timersattningen, samma
feedback fast for annat event

Maten gloms i kylen fattat men glomt mat kan bli dalig Ja Ja/Nej




CW och PHEA  Chill; Place warm food on workbench

¢ Vilken handling kan anvéndaren géra fel vid ratt tillfalle?
¢ Vilken handling kan anvéndaren gora rétt vid fel tillfalle?
.

Vad hénder om anvéndaren utfér en ej fullstandig handling eller utesluter en handling?
Vad hénder om anvéndaren utfér handlingarna i fel ordning?

J/N_| Varfor? (F/S) Problem (UP) Anteckningar

1. Kommer anvandaren forsoka uppna ratt effekt? N Litt att oppna kylen' Stller
annanstans

2. Kommer anvandaren att notera att ratt handling N
finns tillganglig?
3. Kommer anvandaren att associera korrekt ] Rott = varmt. Reaktion.
handling med ratt effekt?
4. Om réatt handling &r utférd, kommer anvandaren 2 s
att se att handlingen har for uppgiften ndrmare J Te‘:.mp.'feedback pa dlSp lay.
malet? R6d farg runt maten.

Fel

Orsak

Konsekvens

Upptéackt

Aterhdamtning

[nte stilla pa ytan.

Stélla varm mat pa ytan som
inte ska svalna

Btilla mat pa ytan dd virmen
Hr pa.

Placerar ej pa ytan

Behover ej avlastningsytan.
Avlastningsyta.
Man vill ha bada funktion-

erna samtidigt

Vill aktivera timer utan att
forst placera pa ytan

Funktionen blir dald. Ej
timer.

Displayen aktiveras i
onddan. Forvirrande,

Gar ej, maste vilja,

Gar ¢j

Om stiller in mat i kylen for
tidigt. Annars nej.

Fraga pa displayen

Ja

Om stiller pa ytan.
Ta bort fran ytan.

Val.

Stéll pa ytan

CW och PHEA

Chill; activate timer function by pushing the timer symbol

J/N

Varfor? (F/S)

Problem (UP)

Anteckningar

1. Kommer anvéndaren férsoka uppna ratt effekt?

om uppmarksamhet riktad
mot displayen 4r den synlig

2. Kommer anvandaren att notera att ratt handling
finns tillgénglig?

tydlig symbol, fa andra
storande moment

3. Kommer anvandaren att associera korrekt
handling med ratt effekt?

timern startar nir timerns
trycks

4. Om rétt handling ar utférd, kommer anvandaren
att se att handlingen har fér uppgiften narmare
malet?

timern startar

Vilken handling kan anvandaren géra fel vid ratt tillfalle?
Vilken handling kan anvandaren géra ratt vid fel tillfalle?
Vad hander om anvéandaren utfér en ej fullstdndig handling eller utesluter en handling?
Vad hander om anvandaren utfér handlingarna i fel ordning?

Fel

Orsak

Konsekvens

Upptackt

Aterhdmtning

inte trycka pa timer symbolen

trycker ej pa timersymbolen

letar efter symboln for att ak-
tivera innan maten placerats

pd ytan

noterar eler frstar ej symbo-
len, vill ej starta timern

vill ¢j starta imern eller
noterar/forstar den ej

missforstatt funktionen, vill
gora installning forst

timern startas ej

timern startar ej

timern startar ej

om funktionen ar kand

symbolen hittas ej

gOr om gor ratt

placera maten pa ytan




CW och PHEA  Chill; Wait until chilled enough and timer turns off

JIN | Varfor? (F/S)

Problem (UP)

Anteckningar

1. Kommer anvandaren forsoka uppna ratt effekt?

] “Nan”“ ser att
€j vantar.

man gor fel om

Har inte tid att vanta. Rddd
om maten.

2. Kommer anvéndaren att notera att ratt handling
finns tillganglig?

] Ja, timern ticker.

att se att handlingen har for uppgiften ndrmare
malet?

3. Kommer anvéndaren att associera korrekt ]
handling med rétt effekt?
4. Om ratt handling &r utférd, kommer anvandaren ]

e Vilken handling kan anvéndaren géra fel vid ratt tillfélle?
¢ Vilken handling kan anvandaren géra rétt vid fel tillfalle?

e Vad hander om anvéndaren utfér en ej fullstandig handling eller utesluter en handling?
« Vad hander om anvéndaren utfér handlingarna i fel ordning?

maten, kollar ej timern

Fel Orsak Konsekvens Upptackt Aterhdamtning
Stoppa in maten i kylen innan | Otélig, stressad, nojigmed  |Ro6tt ljus pa kylladan Ja om rétt ljus pa ladan Ta ut ladan igen!!!
den ar sval nog maten, kollar ej timern
Vanta lingre 4n nodvandigt ~ Man har missat eller glomt ~ [Maten kan bli délig Ja senare Nej
alarmet
Vantar for kort eller inte alls  |Otalig, stressad, nojig med  |R6tt ljus pa kyllddan Ja om rétt ljus pa ladan Ta ut ladan igen!!!

Place chilled food in the refrigerator

CW och PHEA
J/N | Varfor? (F/S) Problem (UP) Anteckningar
1. Kommer anvandaren férséka uppna réatt effekt? d%splay samt IJuS pa lida in-
dikerar ok
2. Kommer anvandaren att notera att ratt handling indikation pa display och ldda| | vitt ljus pa lada av annan or-
finns tilganglig? sak, tex dteruppnadd temp.
3. Kommer anvéndaren att associera korrekt om maten placeras in sldcks
i a ? . o 1o .
handling med ratt effekt? ljuset pa lddan & timern borta
4. Om rétt handling ar utférd, kommer anvandaren fecd
att se att handlingen har fér uppgiften narmare mission completed
mélet?
¢ Vilken handling kan anvandaren géra fel vid rétt tillfalle?
¢ Vilken handling kan anvandaren géra ratt vid fel tillfalle?
¢ Vad hander om anvandaren utfér en ej fullstandig handling eller utesluter en handling?
« Vad hander om anvandaren utfér handlingarna i fel ordning?
Fel Orsak Konsekvens Upptackt Aterhédmtning
lata maten std kvar trots att | missar alarmet, dr ej hemma | maten stér for varmt och kan | nir man ser maten nej
den &r sval nog bli dalig
stilla in maten for tidigt Otilig, stressad, nojig med | maten star for varmt och kan | Rétt ljus pa kylladan, timern | ta ut maten igen!
maten, kollar ej timern bli dalig later?
mat placeras utan att ladan | distra. kylskapet blir varmt, ger Ja nej, stang

stangs

feedback pa det




CW och PHEA

Placement; interact with display

JIN_ | Varfor? (F/S)

Problem (UP)

Anteckningar

1. Kommer anvéndaren forsdka uppna réatt effekt?

J/IN Behover ej, vet ej om funk-
tion, orkar ej kolla upp

Kollar ej pa display

att se att handlingen har fér uppgiften narmare
malet?

klicka vidare f6r mer info.

2. Kommer anvéndaren att notera att ratt handling N Syns ej vil i display och kan-
i illganglig? . o 7.

finns tillganglig* ske ej ens kollar pa display
3. Kommer anvéndaren att associera korrekt ] Far mer information

handling med ratt effekt?

4, Om ratt handling &r utférd, kommer anvandaren ] Troligtvis Fattar kanske att

¢ Vilken handling kan anvandaren géra fel vid rétt tillfalle?
¢ Vilken handling kan anvandaren géra réatt vid fel tillfalle?

¢ Vad hander om anvandaren utfér en ej fullstdndig handling eller utesluter en handling?
* Vad hander om anvéndaren utfér handlingarna i fel ordning?

Oklart om anvindaren kom-
mer orka att kolla upp eller bara
placera in... Bér utvérderas yt-
terligare.

Fel Orsak Konsekvens Upptackt Aterhamtning
Not defined enough
CW och PHEA  Placement; get guidance from drawers
J/N | Varfér? (F/S) Problem (UP) Anteckningar
1. Kommer anvéandaren férsoka uppna ratt effekt? I/N Om det noteras Vlkt.lgt att SYmbOler syns och dr
tydliga

2. Kommer anvandaren att notera att rétt handling ] Om det noteras
finns tillganglig?
3. Kommer anvandaren att associera korrekt N | Ingen feedback
handling med ratt effekt?
4, Om ratt handling &r utférd, kommer anvandaren N
att se att handlingen har fér uppgiften narmare
malet?
¢ Vilken handling kan anvandaren gora fel vid ratt tillfalle?
¢ Vilken handling kan anvandaren gora rétt vid fel tillfélle?
¢ Vad hénder om anvandaren utfor en ej fullstandig handling eller utesluter en handling?
« Vad hénder om anvandaren utfér handlingarna i fel ordning?

Fel Orsak Konsekvens Upptéckt Aterhdamtning

Man tittar ej pa symboler

placering istillet for kolla i
display

Man tittar ej pa symboler

for att placera

Uppmérksammas ej

Man 6ppnar lador for att hitta| Kanner ej till display, vill
gora sa istéllet

Uppmairksammas ej

Man Oppnar lador for att hitta | Vill inte kolla med hénder
placering innan man 6pppnar | fulla eller saker i vigen

Ev. felplacering

Onoédig dérréppning -

Ev. felplacering

Onédig dorréppning -







