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SUMMARY

Figure S.1: Redesign

Refurbishment is a critical strategy in the
circular economy (Bocken et al.,, 2016).
Despite the environmental and financial
benefits, refurbished products are not (yet)

a popular consumer choice (Mugge et al.,
2017). Refurbished products are seen as old,
used and of low quality, and consumers worry
that products are contaminated with traces
of a prior user (Mugge et al.,, 2017). This lack
of consumer acceptance is perceived as too
risky for companies to make the financial
investments needed for refurbishment. In
theory, refurbishment can be implemented in
any product category. But, not every product
category is equally popular. Partly due to the
lack of consumer interest, the refurbishment
of personal care products remains unexplored
(Mugge et al., 2017). Because of this, many
products and components go to scrap before
the end of their functional life. To exploit this
potential, consumers need to see the value of
refurbished personal care products.

To this end, this project has aimed to explore
ways for designers to enhance the consumer
acceptance of refurbished products through
product design. A design research process
was used, including interviews, surveys and an

in-depth product case study. Insights gathered
throughout this project are combined into

an illustrative product redesign and a tool.
These should help designers to integrate

the consumer perspective and cope with

the complexity of design for refurbishment.
The argument for this is that circular design
thinking is a skill that should be trained and
developed in practice.

To demonstrate how consumer centred
research and design for optimal refurbishment
can be combined into one design (fig. s1), a
case product was optimized for refurbishment;
the Philips Lumea Prestige. The Lumea is a hair
removal product for personal care at home.

This raised the question of how hygiene
perception influences the will to buy
refurbished. Hygiene is related to the
consumer’s fear of contamination. Consumer
interviews suggest that hygiene is mainly
perceived in relation to complexity. Features
like buttons, small corners, and split lines
negatively influence the refurbished product’s
acceptance. This suggests that product
complexity negatively affects the perceived
ease of cleaning. Findings also show that the

CONSUMER CENTRED DESIGN FOR REFURBISHMENT
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Figure S.2: Redesign

colour white and smooth surface finishing are
favourable for a refurbished product due to
their associations with hygiene and medical
products. From this research, it can be stated
that improving the hygiene perception will
cause a slightly increased willingness to buy
refurbished.

The research findings led to the following
conclusion on the influence of design
aesthetics on the acceptance of the
refurbished product: ‘Aesthetics influence

the acceptance via associations but will

not be the deciding aspect for solving the
overarching societal problem that stands in
the way of refurbished product acceptance;
misconceptions about refurbishment’. That
does not mean that aesthetics has no influence
at all. Creating positive associations through
aesthetics can increase the willingness to buy
refurbished (Huang et al., 2020). This project
concludes that, for the Lumea, especially
associations with luxury, hygiene and durability
positively influence the acceptance of the
refurbished product.

Based on this redesign process, it was
concluded that design for refurbishment is not

a quick fix or stand-alone design activity. It is a
mindset best developed through experience
and cooperation with other designers. Every
product and context is unique. There are

no guidelines or rules to follow, which apply
in every situation. The proposed skills for
designers to incorporate the refurbishment
design mindset are (1) consumer empathy,

(2) product lifetime management and (3)
ecosystem thinking.

To help designers to develop these skills, a
tool was created in the shape of a canvas

(Fig. S.2). Each box on this canvas focuses on
a different aspect of refurbishment, ranging
from the different consumers in different
lifetimes to ideation on aesthetics features
and concerns. The canvas and its brainstorm
questions are most relevant at the start of the
design process, to incorporate refurbishment
and its challenges from the beginning. Also, the
tool can serve as a summary of the findings
obtained during the project to stimulate
internal communication. Finally, the tool is
evaluated with Philips designers in practice.
However, to fully validate the added value, it
should be tested in multiple case studies with
products from different categories.
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Introduction

Climate change is a hot topic these days;
melting polar caps, drought and forest fires.

The generated e-waste is predicted to exceed
74mt by 2030 (Forti et al., 2020). As stated by

ir Attenborough: When watching the news, the
ourse our planet is on may sound like a doomsday
scenario’. Luckily, it is not too late to turn the tide.
0 reduce e-waste, we must optimize the use of
resources. This can be achieved by going from

a linear ‘take make waste’ model to a circular
economy (Ellen MacArthur Foundation, 2020).
Over the past few years, the circular
economy has gained traction, and more
companies are interested in the opportunities
circular strategies can bring. For these strategies
to be implemented successfully, an approach
tailored to the specific product and context is
needed (Bakker et al., 2014).

Refurbishment is a key strategy in the
ircular economy since it retains more value

han alternative end-of-use scenarios, such as
ecycling or remanufacturing (Bocken et al.,
2016). Despite the environmental and financial
enefits, refurbished products are not (yet) a
yopular consumer choice (Mugge et al., 2017).
efurbished products are seen as old, used

nd of low quality, and consumers worry that
roducts are contaminated with traces of a

rior user (Mugge et al., 2017). This lack of
onsumer acceptance is perceived as too risky
)r companies to make the financial investments
eeded for refurbishment.

Refurbishment is already standard

ractice for some product categories, think of
ars and bikes. Currently, refurbished electronics
avices like smartphones and laptops are gaining
ound in the consumer market. In theory,
furbishment can be implemented in many

Figure 0.1: Philips Lumea in use\(josieloves:de, 2018)

other product categories. But, not every product category is equally popular.

Who would want to buy someone else’s used toothbrush? (Mugge
et al,, 2017) The insurance of hygiene is critical with these kinds of personal
care products. Partly due to the lack of consumer interest, the refurbishment
of personal care products remains unexplored mainly (Mugge et al., 2017).
Because of this, many products and components go to scrap before the end
of their functional life. This indicates great potential for bringing personal
care products back in the loop.

To exploit this potential, consumers need to see the value of
refurbished personal care products. However, what hygiene means to
consumers and how the perception of hygiene influences the acceptance of
refurbished products is unknown. Therefore the main research question is:

‘How to enhance the consumer acceptance of refurbished (electronic
personal hygiene) products via product design?’

To answer this question, a case study is conducted with the Philips
Lumea Prestige (fig. 0.1); An IPL (intense pulse light) hair removal device for
personal use. The Lumea is applied on hairy and private parts of the body
and has a distinct design, making it an interesting product for this research.

The Lumea will be evaluated on both consumer acceptance and
accessibility of the hygienic critical parts. The focus lies on how appearance
features change the perception of hygiene of the refurbished product
and how to ensure hygiene in multiple-use loops. After the evaluation, the
Lumea is redesigned for refurbishment from a consumer perspective. The
outcome of this case study is evaluated on a general design level to be able
to write recommendations for new personal care products to be designed
for refurbishment. During this research, the following sub-questions will be
answered:

What is the influence of hygiene (for the consumer) in the refurbished
personal care products’ buying decision?

How can design appearance increase the consumer acceptance of a
refurbished product?

How to (re)design a personal care product for refurbishment?



Project approach

Earlier studies focused on why consumers

are not interested in refurbishment and why
some products are more accepted than others.
This project aims to complement this field

of research by providing an in-depth study

on a single case; the Philips Lumea Prestige.
This focus led to qualitative insights into how
product appearance can influence consumers'
perception of refurbished personal care
products.

The main research question can be
answered from different (design) angles.
Consumer acceptance is a marketing or even
psychological topic that involves consumer
behaviour studies. On the other hand,
designing a product that is easy to refurbish
while still functional and safe is a technical
challenge. Both perspectives should be
taken into account to create a redesign that
is desired by consumers and technologically
feasible. Therefore, the research was divided
into two foci; refurbishability and product
appearance. These studies are conducted in
parallel and form the base for redesigning the
Lumea and creating the tool.

Due to the COVID-19 crisis, the
university campus and company were not
accessible. This made an internal experience
of the company and its employees, face to face
interviews or physical brainstorms impossible.
Throughout the project, this had to be taken
into account.

The set-up of the project is based on the classic
Double Diamond model, which divides the
design process into a research and a design
phase.

1. Research

The first part of the project consisted
of researching the Lumea, and it's consumers.
The research was a mix of different design
research methods, taking both the product
architecture and consumer perspective into
account.

This phase started with forming
a throughout understanding of the
refurbishment concept through literature

research. The literature review defines the
theoretical basis of the project and presents
existing findings on consumer behaviour
towards refurbishment.

Also, the product and its use were
analyzed to get a complete understanding of
the context. Based on this, in-depth consumer
research was conducted. Through interviews
with both new and second-hand consumers,
the needs and values of consumers with
different buying incentives and experiences
were identified. These interviews revealed
opportunities to enhance their acceptance of
the refurbished product. A follow-up survey
was conducted on the visual influence of
colour and texture on the willingness to buy
refurbished.

Parallel to the consumer research, a
product architecture study was conducted.
This research consisted of multiple methods;
hotspot mapping, disassembly mapping and
drop tests, to get a full understanding of the
product's current refurbishability status. An
additional focus throughout this research was
the influence of fear of contamination on the
product architecture,

2. Design

The second part of the project consisted
of optimizing the Lumea for refurbishment.
Based on the insights from the research
phase, multiple solutions are presented that
enhance both the consumer acceptance and
the physical refurbishability of the Lumea
Prestige. By using 3D printed prototypes and
visualization techniques, ideas were rapidly
tested and validated.

Based on the research insights and the
redesign process, a tool was created for Philips
design. Via build-measure-learn loops, the
tool was either tested by design students or
discussed with Philips designers and improved
accordingly.

Finally, recommendations are
formulated on how the concept and the tool
could be further developed in the future.

CHAPTER 1
THEORETICAL BACKGROUND

CHAPTER 2
LUMEA PRESTIGE & ITS CONSUMER

> 2.1 Interviews with consumers

Q2.1: How do consumer experience the Lumea?

with buying refurbished?

Q2.2: What associations do consumers have - — — — — — — — — — — > 2.25urvey on Lumea

characteristics

Q2.3: What are the main hurdles consumer
experience when considering a refurbished product?
Q2.4: How can be Lumea'’s refurbished decision

making experience be improved?

CHAPTER 3
LUMEA INSIDE OUT

Q3.1: What are contamination sensitive parts,
and where are they located in the Lumea?

Q3.2: What are the priority parts of the Lumea?
Q3.3: How many and what actions need to be

> 3.1 Hotspot mapping analyses
— 3.2 Disassembly map creation
~ 3.3 Droptest

taken to reach these priority parts?
Q3.4: What are the most prominent product

design hurdles that stand in the way of efficient
refurbishment?

Q3.5: What consumer safety requirements
should the Lumea meet?

CHAPTER 4
AESTHETICS & REFURBISHMENT

Q4.1: What aesthetics features do consumers favour
for the refurbished Lumea?

> 4.1 Survey colours and textures
4.2 Lumea aesthetics analysis

Q4.2: What characteristics positively influence the
willingness to buy refurbished?

Q4.3: What (aesthetic) features can be redesigned to
enhance the acceptance of the refurbished Lumea?

CHAPTER 5
REDESIGNING THE LUMEA FOR REFURBISHMENT

Q5.1 How to (re) design a personal care product
for refurbishment?

CHAPTER 6
CONSUMER CENTERED DESIGN FOR REFURBISHMENT TOOL

> 5.1 Development and testing
of a redesign for refurbishment

Q6.1 How to (re)design a personal care product
for refurbishment?

> 6.1 Development and testing
of a tool for consumer centered
design for refurbishment

CHAPTER 7
CONCLUSION AND DISCUSSION




Throw away society

+  Products are discarded before the end of
their functional life with little concern for
the environmental (Cox, 2013).
Consumers play a key role in early product
replacement (Antonides, 1991).
Growing amount of e-waste is mainly fueled
by higher consumption rates (Forti et al.,
2020).
The recycling activities are not keeping up
with the global growth of e-waste.

Circular economy
A circular economy is regenerative and aims
to gradually decouple growth from the
consumption of finite resources by keeping
products, components and materials at their
highest utility and value at all times’. (Ellen
MacArthur Foundation, 2020)

Refurbishment
‘Refurbishment is the process of returning
a product to satisfactory working condition
by replacing or repairing components that
are faulty or close to failure, and making
‘cosmetic’ changes to update the appearance
of a product’. (British Standards, 2009; Ellen
MacArthur Foundation, 2020)

\
: +  Economically beneficial for both company
and consumer (Wallner et al., 2020).
- Companies are put off by the idea of high
investment costs and low profit margins

Consumer acceptance

Refurbished products are often perceived
as old, used, and having reduced
performance (Wallner et al., 2020)
Despite the benefits like warranties and
lower prices, most consumers do not
consider refurbished products as a viable
alternative to new ones ([1] Mugge et al.,
2017).

Refurbishing personal care products

Research gap

Aesthetic appearance

Consumers use visual factors, such as
product appearance, to verify the quality
(Mugge et al., 2012)

Refurbished product buyers seek
functionality instead of newness (Jiménez-
Parra et al., 2014)

Refurbished products should meet
minimum functional requirements before
other characteristics, like appearance, are
taken into account (Luchs et al., 2012).
Aesthetic appearance of refurbished
products is considered less attractive than
the appearance of new products (van
Weelden et al.,, 2016)

Timeless designs are preferred for
refurbished products (Lobos, 2014)

The neo-retro and the simplistic design style
evoke positive perceptions and enhance the
attractiveness (Wallner et al., 2020)

Personal care products are considered unfit
for refurbishment ([1] Mugge et al., 2017)
Refurbished products are considered

less clean than new ones because of
contamination concerns ([1] Mugge et al,,
2017)

If and how the perceived contamination can
be influenced via product design remains
unexplored ([1] Mugge et al., 2017)
Unknown how to develop refurbished
products that are desired by consumers
(Jiménez-Parra et al.,, 2014)

CONTEXT

ANALYSIS



1. CONTEXT ANALYSIS
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CHAPTER 1.1

Throwaway society

Intro

In 1950s America, advertising firms
found out that they could sell products based
on novelty instead of function, quality, or
durability. Products were sold as “new” or
“modern,” whether or not the “innovations”
offered any genuine value (Weyler, 2019). The
throwaway society (Packerd, 2011) was born on
the notion that “styles” changed every year. To
appear "'modern,” one must repeatedly buy new
products (Weyler, 2019).

Today, consumers expect constant
and rapid updating of products (Cox, 2013).
Between 2007 and 2017, Apple introduced 14
new iPhone models, one every 37 weeks (Apple.
com, 2020). Apple stopped supporting the first
generation phones and continues to make
previous phones unsupported. Apple is only
one of many companies applying this strategy.
These policies are not an accident or a necessity
of technological advance (Park, 2010). They are
marketing decisions explicitly designed to sell
more products.

Replacement behaviour; Linear economy
(throwaway society)

With this constant supply of new
products, throwing away products before they
fail has become the core of consumer behaviour
(Cox, 2013). Products become outdated in terms
of design or technology and are discarded
before the end of their functional life with little
concern for environmental consequences
(Cox, 2013). However, it is up to the consumer
whether they replace the product or not
(Antonides, 1991). Therefore consumers play a
crucial role in early product replacement (van
den Berge et al., 2020).
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E-waste

This replacement behaviour contributes
to resource depletion, emissions and physical
waste (Cox, 2013; Bakker et al., 2014). About
2% of this waste is electronic waste or e-waste
(Forti et al., 2020).

Definition

E-waste is anything with a plug, electric cord

or battery (including electrical and electronic
equipment) that has reached the end of its life,
as well as the components that make up these
end-of-life products. E-waste is also called waste
electrical or electronic equipment, or WEEE for
short (PACE, 2019).

Two per cent may not sound like much.
Still, in 2019 approximately 53.6 million metric
tons (Mt) of e-waste was generated, 7.3 kg
per person on the planet (fig. 1.1.2; first circle)
(Forti et al., 2020). The growing amount of
e-waste is mainly fueled by higher consumption
rates of electrical and electronic equipment,
short life cycles and few repair options (Forti et
al., 2020).

The formal documented recycling of
e-waste was 17.4% compared to e-waste
generated (UN anual report, 2020). Recycling
grew by 1.8 Mt since 2014, an annual growth
of almost 0.4 Mt. However, the total e-waste
generation grows by nearly 2 Mt yearly (UN

fate
unknown

1.
fig, 1.1.2; E-waste numbers

e-waste
growth

anual report, 2020). Thus the recycling activities
are not keeping up with the global expansion of
e-waste.

The fate of 82.6% of e-waste generated
in 2019 is unknown (fig. 1.1.2; second circle),
and its whereabouts and environmental impact
varies across the world (PACE, 2019). Ending up
either in landfill or being informally recycled.

If we continue on this course, it
is estimated that the amount of e-waste
generated will grow by 29% by 2030 (fig. 1.1.2;
third circle) (Forti et al., 2020).



CHAPTER 1.2

Refurbishment

Intro

In the circular economy, refurbishment is a promising strategy to regain value from
discarded products. A definition and explanation of the principle of circular design can be
found in Appendix A. Through refurbishing it is possible to save (critical) raw materials
and energy, and to avoid emissions (e.g.,, CO2) (Andrae, 2016).

Refurbishment is already common practise for some product categories. For
example, car dealers who repair and fix-up pre-owned cars and put them up for sale.
Currently, refurbished electronics devices like smartphones and laptops are gaining
ground in the consumer market. Refurbisher Leapp, seller of refurbished Apple
products, grew from start-up to a 30 million euros turnover business in 6 years (Camp,
2019). In theory, refurbishment can be implemented in many other product categories.
However, setting up an infrastructure to make refurbishment possible requires financial
investments. Which are only worth it if consumers buy the refurbished products.
Consumers need to accept refurbished products as substitutes for new ones (Mugge
et al., 2017). Unfortunately refurbished products are seen as old and used, and are
nog popular with consumers (van Weelden et al., 2016). This creates a vicious cycle of
prejudice and economical risks in which companies are not eager to get involved.

Definition

‘Refurbishment is the process of returning a
product to satisfactory working condition by
replacing or repairing major components that are
faulty or close to failure even where there are no
reported or apparent faults in those components,
and making ‘cosmetic’ changes to update the
appearance of a product’. (British Standards,
2009; Ellen MacArthur Foundation, 2020)

Pro's & Con's

The big advantage of refurbishment
is the potential for energy and material
conservation, which makes it a key strategy
in the circular economy (Bocken et al.,, 2016).
Once the refurbishment infrastructure runs
successfully, it can be economically beneficial
for both company and consumer (Mugge et
al., 2017).

However, refurbishment has some
boundaries that prevent companies from
implementing this strategy. First and mainly,
companies are put off by the idea of high
investment costs, low profit margins and
market cannibalisation (Abdulrahman et al,,

2014, Govindan et al.,, 2015,). A well-functioning
refurbishment infrastructure is an operational
challenge; Refurbishing facilities, technical
capabilities, reverse logistics processes (Guide
& Van Wassenhove, 2001) and skilled people
are needed to make it work (Sharma et al.,
2016). This, together with uncertainty about the
availability and supply of used products, which
is caused by the consumers’ unwillingness to
return used products, makes refurbishment
challenging (Sharma et al., 2016).

All together this adds up to high
investment costs and a lot of uncertainties.
Costs that are, considering the low popularity
of refurbished products with consumers, too
high a risk for most companies.

Furthermore, there are no guidelines
and standards for refurbishment (Sharma et
al., 2016). Companies do not have profitable
examples in their industry or the capability to
create working guidelines themselves, which
increases the perceived risk. This leads to a
great variety in product quality and design
issues (Sharma et al., 2016).

Successful implementation of Refurbishment

In the electronic appliances market, the
BHS group launched a successful pilot with
refurbished products; BlueMovement (more
info in the square below).

The success of BlueMovement shows
interest in this way of consuming products,
especially by the younger generation. By
retrieving products after use, BHS can see

what happens to their product during one
lifetime on a large scale. This allows them to
learn from users and innovate accordingly
(Blue movement, 2020). It also proves that a
refurbishment can be a viable business model
for big appliances companies like Bosch, or in
case of the Lumea, Philips in the near future.

®BlueMovement

POWERED BY BOSCH

BlueMovement is a subscription
service for home appliances in the
Netherlands, offering washing machines,
dryers and fridges as ‘Hardware-as-a-Service’
for a fixed price per month. BlueMovement
offers both new and refurbished appliances,
and recollects them at the end of the
subscribtion with the aim of keeping
products in the loop as long as possible.

BlueMovement is a success and
therefore received recognition for being
the most promising initiative towards the
circular economy (Sitra, 2020). They started

last year in the Netherlands and will be
expending to Belgium and Germany in 2021
(BlueMovement, 2020). The number of
subscribers grew in the last months of 2020,
especially with people below the age of 25
(BlueMovement, 2020). ‘At this moment, 21%
of our subscribers are below the age of 25,
and this number is growing. Therefore we
focus on this younger generation, they will
make the change' says Hypscher (owner of
BlueMovement) (fig. 1.3.1).

f

ent, 2020)
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CHAPTER 1.3

Consumer acceptance

Unfortunately, it's not only companies
that are doubtful about refurbishment. As
mentioned before, refurbishment is not
popular with consumers either. But why not?

Van Weelden et al. (2016) uncovered
how consumers decide to choose for a
refurbished smartphone (fig. 1.4.1). Their
findings demonstrated that consumers weigh
the benefits and the risks and only include
a refurbished smartphone as a potential
option if the benefits outweigh the risks
(Mugge et al., 2017). Specifically, Van Weelden
et al. (2016) demonstrated that, although the
initial responses to refurbished smartphones
are favorable, various aspects can prevent
consumers from purchasing refurbished
smartphones (Mugge et al., 2017).

Consumers mentioned the following
motives to either accept or reject a refurbished
product for a certain category: financial,
functional quality, aesthetic quality, warranty,
contamination, personalisation and lack of the
thrill of newness (Van Weelden et al.,, 2016;
[1]1 Mugge et al, 2017). Also, people are not
aware of the refurbished options, or have
misconceptions about what refurbishment is
(Van Weelden et al., 2016).

Refurbished products are often
perceived as old, used, and having
reduced performance (Baxter, 2016).

-=LACK OF AWARENESS

I Are predominantly favorable
and show potential for
consumer acceptance

INITIAL RESPONSES
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PHASE INITIAL
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’ NEED SET
’ RECOGNITION

-+ LACK OF AVAILABILITY

BARRIERS

ORIENTATION PHASE

FINAL
CONSIDERATION = = = = =
SET

Additionally, consumers worry that products
are contaminated with traces of a prior
user (Wallner et al.,, 2020). This high perceived
risk and low perceived quality causes a low
willingness to pay for refurbished products
compared to new ones (Hamzaoui, ESsoussi
and Linton, 2010).

Consumers’ willingness to accept
refurbished products also depends on their
understanding of the refurbishment concept.
Ambiguity about the refurbishment process
feeds the lack of understanding and fosters
low quality perceptions (Hazen et al., 2012).
Informing consumers on what procedures
are executed during refurbishment increases
trust in refurbished products, which positively
influences acceptance ([1] Mugge et al, 2017).

For consumers, refurbished products
are an economical beneficial choice because
their market value is 10-50% lower than the
market value of new products. The value
dependes on the market demand and the
qualitative state the productis in ([1] Mugge
et al,, 2017). Consumers do not appreciate
refurbished products as a considerable
substitute to new products, despite the
financial benefits and warrenties ([1] Mugge et
al., 2017).

-*MISCONCEPTION REFURBISHMENT CONCEPT :

-+ LACK OF THE THRILL OF NEWNESS

POST-PURCHASE
PHASE

EVALUATION PHASE

Fig. 1.4.1; Model of the consumer decision-making-process showing the main factors influencing consumer
acceptance of refurbished mobile phones (van Weelderen, 2016).
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Fig. 1.4.2; consumer acceptance step based model (van Weelderen,

2016)

Increasing the perception of refurbished
products

Van Weelden (2016) proposes a step
based approach to increase the consumer
acceptance of refurbished products (fig.1.4.2):

Attracting consumers starts with building
awareness and making refurbished products
widely known as a high-quality alternative
for new products. Also, to eliminate negative
associations, product presentation and
packaging can be used to develop a shopping
experience that evokes desirability and a thrill
of newness (Enneking et al., 2007).

After being attracted, the consumer
needs to be convinced of the value of the
refurbished product. To do so, consumers
should be provided transparent and
accessible information about both the
refurbishment process and specific product
properties ([1] Mugge et al, 2017). This
information should communicate the
functional, financial, and environmental
benefits of refurbished products.

To significantly reduce the perceived risk
related to refurbished products, companies
should offer high-quality service and
warranty that relieves consumers from any
product performance-related concerns. To gain

consumers' trust, companies should support
the product with independent confirmations,
such as consumer reviews or quality labels
(Harms and Linton, 2015).

The last step is to involve consumers
in the use and growth of refurbishment.
Companies should invest in building
relationships with customers and use
customers as ambassadors of refurbished
products. Positive word of mouth and
increased familiarity are crucial to build
awareness and convince consumers of the
value of refurbished products.

Other factors that can positively
influence the consumer acceptance of
refurbished products are brand reputation,
which acts as an affirmation of product quality
(Hamzaoui-Essoussi and Linton, 2014), and
eco-certification (Harms and Linton, 2015).
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CHAPTER 1.4

Aesthetic appearance

Intro

Van Weelden's model (2016) (fig. 1.4.2)
has a marketing perspective and does not
cover product design or aesthetic appearance.
But does appearance even have an influence
on refurbished product acceptance?

The influence of product aesthetics

When buying a new product, objectively
judging the performance quality is difficult for
consumers. They are likely to turn to visual
factors such as product appearance to
verify the quality (Mugge and Schoorman,
2012). Appearance can communicate
functional characteristics and ease of use,
which are used as cues for quality judgement
(Blijlevens et al., 2009; Haug, 2016). A product’s
appearance can have aesthetic and symbolic
value for consumers, which influences the
perceived desirability (Blijlevens et al., 2009).
Both a product’s desirability and novelty
influence its perceived performance quality
(Mugge and Schoormans, 2012).

Aesthetic appearance and refurbished
products

It is known why consumers do not favor
refurbished products, however, research on
how to change their perception via appearance
is limited (Mugge et al.,, 2017). Consumers
interested in refurbished products primarily
seek for functionality instead of newness or
outstanding appearance (Jiménez-Parra et al.,
2014). Consumers should first be convinced
that refurbished products meet minimum
functional requirements before other
characteristics, like appearance, are taken
into account (Luchs et al,, 2011).

Differences can be seen between
product categories. For certain product
categories, like wallets, it is crucial that the
product looks new because it is used to
express the user’s identity (Mugge et al., 2017).
If the product is already personalized by the

previous owner, people are less likely to accept
it ([1] Mugge et al., 2017).

For product categories that serve a
primary practical function, like drills or irons,
consumers would even consider visually
damaged refurbished products ([1] Mugge et
al., 2017).

Despite being shown the same product,
the aesthetic appearance of refurbished
products is considered less attractive than
the appearance of new products (Wallner
et al.,, 2020). This does not mean that the
appearance of refurbished products has no
influence on the acceptance, on the contrary
([1] Mugge et al.,, 2017). Wear and tear
signs lower the consumer’s willingness to
buy refurbished products ([3] Mugge et al.,
2017). Consumers worry that the product is
contaminated with physical traces of previous
owners ([3] Mugge et al., 2017). However, for
product categories like furniture, visual wear
and tear can give a 'vintage look’ which can
enhance the acceptance ([1] Mugge et at,
2017).

Wallner et al. (2020) researched the
influence of different design styles on the
acceptance of refurbished products. Timeless
designs are preferred for refurbished
products because changing consumer taste
and hypes have less effect on products in
this style (Lobos, 2014). The neo-retro and
the simplistic design style (fig.1.5.1) evoke
positive perceptions and enhance the
attractiveness . Besides, consumers favored
refurbished products with a solid appearance
over a slender look (Wallner et al., 2020).
Furthermore consumers preferred products
made of high-quality materials, such as wood,
leather, and metal because of their durability
(Wallner et al., 2020). This report builds on this
research by investigating other appearance
characteristics in a more specific context.

Simplistic & timeless design
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Fig. 1.5.1; Rams transistor radio (left) & Apple’s first iPod (right) (medium.com)

CHAPTER 1.5

Refurbishing personal care products

Generally, personal care products
are considered unfit for refurbishment.
Consumers are not interested in other people’s
used shavers or toothbrushes ([1] Mugge
et al, 2017). Mugge et al. (2017) already
suggested that hygienic products (products
that are in contact with human skin) can cause
contamination concerns.

Contamination is defined as: “the idea that

an interaction with an object can differ from its
intended condition due to another interaction by
someone or something” (Baxter et al., 2016).

Contamination can involve hygienic concerns
as refurbished products were considered
less clean than new ones ([1] Mugge et al.,
2017). To minimize those concerns, the ease

of cleaning should be enhanced and the effort
of cleaning and disinfection done during the
refurbishment should be clearly communicated
to consumers ([1] Mugge et al, 2017).

Research gap

In the field of refurbished personal
care and hygiene products specifically,
contamination is a proven issue. However, if
and how the perceived contamination can
be influenced via product design remains
unexplored ([1] Mugge et al., 2017). Prior
studies focus mainly on smartphones, which is
a completely different product category than
personal care. Specific benefits or risks can be
more important for one category than for the
other, and therefore can not be copied one on
one (Mugge et al, 2017).

Also, a consumer perspective on
refurbished products has been largely
unexplored (Jiménez-Parra et al.,, 2014; van
Weelden, 2017). To increase the share of
refurbished products in the market, there is a
need for in-depth insights on how to develop
refurbished products that are desired by
consumers (Jiménez-Parra et al., 2014).




Lumea & Philips
The Lumea is a hair removal device that
works with Intense Pulse Light (IPL)
Refurbishment is a key focus point for
Philips to achieve their circular goals

Consumer journey
Problem
Consumers buy the Lumea because they
experience a problem; unwanted body hair
Exploration
+  Consumers prefer internet research, like
reviews, evaluate a product
People look for social confirmation
Making sense of the product and creating
an opinion towards it is based on aesthetic
features
Evaluation
+  Consumers weigh benefits and risks before
taking a product into consideration
Contextual factors, like the brand and
price, have an influence of the evaluation of
unknown products
Insecurity about quality lowers the
willingness to pay
Mutual trust between the buyer and
the seller is needed to sell second-hand
products
The financial benefit is the main motive for

buying second-hand
Purchase decision
The product can be bought new, new
via subscription (Try&Buy) or Second life
(reprocessed) via Try&Buy.
First-time use
During first time use, the use is
‘overwhelming’ and ‘complicated’
Looking back, consumer experience the
Lumea as ‘funny’ and ‘surprising’
Covid-19 drives second-hand buyers to take
extra product cleaning measures
Second-hand buyers fear contamination
and skin debris from the first owner
Use cycle
Treatment can be time-consuming and
perceived as boring
For some users, treatment is ergonomically
uncomfortable
Post use cycle
Cleaning is considered necessary
Cleaning the Lumea is perceived as precise
and annoying work
End of life
+ Not much is known
Consumers think throwing the product
away is a shame because of the cost
Consumers leave the product laying around
or sell it online

LUMEA

PRESTIGE



CHAPTER 2.1

Lumea Prestige; the basics

The Philips Lumea Prestige is an IPL
hair removal device. IPL stands for Intense
Pulsed Light. IPL only works when the hair is
in its growing phase, and not all hairs are in

etc. However, the Lumea is not effective on

light hair (blonde, red, grey) or dark skin.
The Lumea comes with three

attachments; one for the legs and arms, one

growing phase at the same time. Therefore a for the face and one for the armpits and bikini
repeat cycle of about 8 weeks is needed for the line.

optimal effect (Lumea manual, 2018).
The Lumea can be used on different

Also, the device is hand-held and can be
used wireless when charged.

parts of the body: face, legs, armpit, bikini line,

SPECIFICATIONS

General

Mass 0.48 kg
Height 22 cm

Width 16 cm

Depth 9.6 cm

Materials housing

Pink and white housing PC

Shiny ring Plastic (unknown)
White internal housing PBT

Black internal housing PA6-30%GF

Power and charging
Rechargeable Li-ion Battery
Type S036Nx2400150 adapter (mains power)

Charging time 1h 40 min
Battery life 12 h
Flash power

Light intensity levels 5

Flash length <1.5ms

Safety classification IP 30 (NL 60529)
Shock safety class I

INPUT OUTPUT
INSIDE LUMEA
. »>Sound
Force ransfer to push
(human) | .. Power to light >Light
(Led ready)
Power Storing - Light
o Power to light >
power e Heat
| . Air
Air > Power fan >Sound

Fig. 2.2.2; input and output of Lumea

Working principle

The Lumea’s main function is to prevent
unwanted body hair from growing back. The Lumea
applies pulses of light to the hair root, putting the
follicle into a resting phase (Philips Lumea Prestige,
2020). As a conseqguence, the amount of hair the
body grows gradually decreases (figure 2.1.1).

Figure 2.2.2 gives an overview of the Lumea's
input and output. The Lumea’s main output is the
intense pulse light, but it also produces a warning
light when the product is ready to flash. Besides light,
a clicking sound and fan noise can be heared. Also air
flows through the product for cooling.

Second Life

The Second Life Lumea is a used Lumea
Prestige that has been remanufactured (steps
of the remanufacturing process can be found in
chapter 3.3). The Lumea is put through a certification
process to ensure the same quality standards as
the new devices. Once certified by Philips, they are
ready for a new life and have the same guarantee
period as a new Lumea. The benefit for Philips is
that, according to Philips, Second life has a 40%
reduced environmental costs compared to the new
Lumea, increases profit by 10% and opens doors to
markets segments with less budget (Philips, 2020).
The Second Life Lumea is currently only available
via Try&Buy. In July 2020, 5800 consumers had a
subscripted Lumea (personal communication, 2020).
More information on Try&Buy and pricing can be
found in Appendix B.
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S

Fig. 2.2.1; IPL on skin (Lumea manual, 2018)



CHAPTER 2.2

Lumea; approach

Intro

Consumers base their perception of
refurbished product quality mainly on what
they see in the orientation phase of buying
a product, as proven by van Weelden et al.
(2016). However, this research was conducted
with mobile phones, therefore the barriers
identified in this study can not simply be copied
to a personal care product like the Lumea
(Mugge et al., 2017).

This research was set up to discover
what these barriers are for the Lumea. This
chapter explores the consumer’s opinion on
and experiences with the Lumea Prestige. The
Lumea’s product experience and dominant
characteristics are investigated, based on
the Model of the consumer decision-making-
process (Van Weelden et al., 2016) and the
product acceptance is investigated with the
Framework of Product Experience (Desmet &
Hekkert, 2007). This chapter concludes with
presenting the three main hurdles consumers
experience when concidering a refurbished
Lumea, opportunities for Philips and a project
focus.

Research goals

+ Develop consumer empathy
Develop an understanding of consumers’
values and concerns when buying
refurbished personal care products, like the
Lumea.
To explore opportunities to improve the
aesthetic experience of the refurbished
Lumea.

Research questions

1. How do consumer experience the Lumea?

2. What associations do consumers have with
buying refurbished?

3. What are the main hurdles consumer
experience when considering a refurbished
product?

4. How can be Lumea'’s refurbished decision
making experience be improved?

Getting to know the consumer and the

Methodology

Interviews

The amount of people owning a Lumea
Prestige is relatively small compared to, for
example, people owning a normal shaver.
Especially finding and recruiting those who
own a Second Life (refurbished) Lumea is a
challenge. A qualitative research method was
chosen to obtain the most valuable insights
with this small sample size. To reveal latent
consumer needs, a qualitative and generative
approach is most efficient (Sanders & Stappers,
2012). Also, the subject of unwanted body
hair and personal care can be sensitive to
participants. An informal, casual conversation
format was chosen to create trust and a safe
and environment in which participants can
speak freely.

A test interview was conducted to test
the interview guide, interview length and stimuli
pictures used.

Due to the Covid-19 restrictions, the
interviews are conducted online via video calls.
To ensure in-depth consumer insights, the
interview was divided into two parts;

«  Semi-structured interview (interview guide can
be found in appendix C). The main topics
discussed were; use and routines, decisions
making process, cleanness and appearance.

+  Dilemmas; Different versions of the Lumea
were shown (fig. 2.2.1), variables were; price
(new price, refurbished price and second-
hand price), physical state (new, light
scratches or heavy scratches), colour (black
or white) and surface finishing (smooth
or rubberish). Participants were asked to
choose between one of the two shown
Lumea’s and explain why. Six dilemmas
were presented (see appendix C). This
format was chosen to ‘force’ participants to
make trade-offs between product features.
This gave insight in what features weigh
more in making a purchase decision and
uncovered latent buying insentives.

Participant selection

Participants were selected through
purposive snowball sampling and self-selection.
Social media channels like Philips Facebook
fan groups and personal sharing were used,
mainly to find owners of a new Lumea. To find
second-hand Lumea owners, an advertisement
was posted on Marktplaats.nl (figure 2.2.2).
The Second Life owners were recruited via a
banner placed on the confirmation mail after
purchase (figure 2.2.3). Because of the small
target group, TU Delft made a bol.com voucher
available to motivate people to participate in
the interviews.

10 people in total were recruited (5
new, 5 second-hand). Although not specifically
selected, all participants were female. This
is probably due to the product's purpose
and target group. Participants ranged from
students to recently retired.

Data analysis

All interviews were audio recorded and
transcribed by the researcher. Afterwards,
interesting quotes were highlighted and
memos were written on participants reactions
and relations between answers. The quotes
were categorized in themes to create an
overview of the data.

Once this overview was created,
the quotes of new and second-hand users
were compared to uncover similarities and
differences.

Oproep! Kopers van een tweedehands Philips Lumea
@ 2xgezien QOxbewaard & 15jan. 2021

y Wijzig ﬁ.’ Verwijder

P Reserveer

Zie omschrijving

Levering
Ophalen

Verkoop met Track &
Trace van PostNL

v Veilig, snel en vertrouwd
versturen

v Dichtbij met ruim 2900 locaties

&P Bereken verzendkosten

/@ Grote foto's

Categorie

Contacten en Berichten
Advies en Oproepen

Beschrijving

Voor mijn afstudeer onderzoek aan de TU Delft ben ik opzoek naar mensen die geinteresseerd
zijn in het kopen van een tweedehands Philips Lumea, zoals ze worden aangeboden hier op
Marktplaats.

Mijn doel is om tweedehands persoonlijke verzorgingsproducten aantrekkelijker te maken voor
consumenten. Daarom ben ik benieuwd naar waarom jij kiest voor een tweedehands Lumea en
wat je eventuele bedenkingen erbij zijn.

Dus als je aan het bieden bent op een Lumea of van plan bent er eentje tweedehands de kopen,

stuur me dan een berichtje! Alvast bedankt!

Fig. 2.2.2; Marktplaats.nl advertisement
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Thank you for your interest
in participating in the Philips
Lumea interviews by TU Delft

You receive a 10 euro
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New state ‘\\ / > Scratches \ / )
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bol.com voucher for
participating!

Philips and TU Delft are aiming
to make the Lumea circular.
You are about to make this
happen with us by sharing your
experience and feedback! The
interviews will take 30 minutes
maximum and will be held via
Zoom. Please indicate your
preferred date and time
(between the 25th of

Fig. 2.2.1; Sample dilemma interview
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Fig. 2.2.3; Banner confirmation email



CHAPTER 2.3

Consumer experience

To identify the differences between buying a new and a circular product,
the complete purchase process should be taken into account. Consumer
interviews (n=10, 5 new, 5 second hand) were used to idenitfy consumer
assocations with the Lumea from different purchase perspectives.

The quotes used are coded to participant number and purchase route.
Consumers how bought the Lumea new are coded with ', 'SH means second

hand.

Before need

The main difference between new
and Second Hand Lumea buyers is the
awareness of the circular options. Most
consumers who bought the Lumea new
were simply not aware. P4N: ‘I know about
the refurbished iPhones, but | didn’t know
about these types of products’. Second-
hand consumers mentioned being ‘pro
circular economy’ (P4SH) and having positive
experiences with previous second-hand
sales. P1SH: ‘I am quite a Marktplaats.nl user,
and 9 out of 10 times the product is in perfect
condition’. This is perceived as having a
positive influence on the consumers’ attitude
towards the refurbishment.

Searching

For all consumers interviewed, the
incentive to buy a Lumea is the same:
unwanted body hair. P3SH: ‘There are
different techniques for depilation, waxing,
shaving, but that is all temporary. I'm looking
for a more permanent solution’. PN2: ‘I first
went to the beauty salon, which is way more
expensive than the Lumea’. Also, consumers
buy the Lumea as a present to themselves.
There is a cheaper version on the market,
the advanced, and consumers still chose
the buy the expensive one. This indicates
that the expression of luxury in the product
has a positive influence on the willingness
to buy, both new and refurbished. PTN: ‘It
is a spoiling moment for yourself, buying an
expensive product for personal care’.

Before buying the Lumea, consumers
do extensive research. The main reason
to do so include high investment and
unfamiliarity with the product use. P4SH: ‘I
started orienting a few years ago... since the
price is high and | had no idea if it would
work on my skin, | doubted for a long time’.
Both new and second-hand consumers
do thorough internet research before
they decide to purchase. Ratings from
independent websites are helpful when
exploring options. P3SH: ‘I reviewed many
different websites, but the Philips Lumea
came out as one of the best every time’.
Because this concerns a personal care
product, consumers also mentioned asking
friends, family or medical experts for advice.
P4SH: ‘My dermatologist recommended the
Lumea to me’. PN3: ‘my friend had brought it
along, and she had good experiences’.
Second-hand consumers used other
channels and sources to obtain information.
They made second-hand options part of
their purchase behaviour. P2SH: ‘A few years
ago, | decided to buy everything second-hand.
Now [ first check marktplaats.nl before |
check regular webshops'.

Evaluation

Once the option of refurbishment was
introduced, consumers initially responded
positively. However, consumers always
mentioned a ‘but’ (van Weelden et al.,, 2016).
P2N: ‘Oh how funny, I did not know about it...
I wouldn't consider the refurbished anyway'".

The lumea is a woman
in her 50ies who likes
to go to the household

fair. She knits on the

weekends, has two
cats and her husband
only watches football
... That metallic light

pink looks actually a

bit like my grandma’s

flower curtain.

- Participant 2; Second hand

When asked what their rejection is based on,
consumer mentioned feelings and emotions.
P4N: ‘New ones last longer, | don’t know what |
base that on’, P1N: ‘It is more of a feeling, there
isn’t something rationale behind it'.

Second-hand buyers all mentioned price
as their primary incentive. P3SH: ‘New is just too
expensive for me, my budget does not allow it’.
When discussing the price reduction to new
consumers, they say that ‘it would not influence
their decision’(N1). However, once the price
difference is low enough, consumers are willing
to go for refurbishment. PTN; ‘if the functionality
is really the same, | would clean it myself for that
price’. This indicates that price is the main driver
for decision making.

When deciding to buy a refurbished
product, people consider benefits and risks (van

Weelden et al.,, 2016). For the Lumea, a major
perceived risk is performance. Consumers
do not know what functional state to expect
from a refurbished product. PN3: ‘How long
will it last?... If you buy a refurbished one and
it breaks after a year, you can still buy a new
one’.
To be able to judge functionality,
second-hand consumers mentioned looking
at the ratings of the seller. P3SH: I check
whether the seller is reliable, acknowledged
and has good reviews. | don’t want to buy
something that doesn’t work’. This indicates
a need for trust and honesty from the
refurbishers. Luckily, Philips is mentioned as
being a reliable company, which positively
influences the consumer’s attitude towards
refurbished products. P2SH: ‘I trust the brand,
Philips delivers quality products that last.
The product’s shape is also associated with
trust in the product. P2SH: ‘That loche design
inspires confidence. This thing looks weird, so
it must do the job well. If it was thinner, the
product would be less reliable, how could it
have all that laser power?’. This indicates that
robust shape have a positive influence on the
perceived durability of circular products.
Other perceived concerns were hygiene
and contamination. Since the Lumea is a
product for personal care, circular options are
a popular choice. PN5: ‘For products like this,
I don’t look at second-hand options. | want a
clean and new product for myself. This fear,
however, is not shared by all consumers.
Consumers buying second hand show less
fear of contamination. P1SH: ‘I clean the



product at arrival and | don’t care where
it has been’. In general, hygiene is a less
dominant factor in decision making than
performance and price. PSH4: ‘Reduced
functionality outweighs that it is perhaps less
hygienic'.

The try&buy was also introduced
to consumers. Again, the initial response
was positive. PN1: ‘The try & buy sounds
good. If you don't like it, you can still send it
back after a certain time’. However, due to

hygiene concerns, consumers drop out. PN3:

‘Leasing is not an option for me. If | buy such
a personal product, it must be for myself.

Visible scratches tend to negatively
affect the refurbished product desirability.
P2SH: ‘Scratches make it look used and
badly treated, | wonder if it still functions as
it should’. This indicates that scratches are
associated with technological failure. The
location of the scratches on the product
influences associations consumers create
of the prior use. P3SH: ‘Scratches can
reduce functionality on the buttons and
the attachment more than on the housing’.
Scratches on locations that are not in line
with the intended use (e.g. ‘scratches on
top of the product), lower the willingness
to buy even more. PN1: ‘Light scratches, in
terms of use, can happen when you slide it
over the stones of your bathroom furniture.
But with those heavy scratches | doubt
whether the internal components have not
broken’. However, the difference between
light and heavy scratches is not significant to
consumers. Therefore, scratches and their
negative associations should be avoided at
all.

Colours are not mentioned as the
main differentiator for refurbished products.
P4SH: ‘I pay attention to other things. As
long as it’s clean and looks fine, the colours
don’t matter to me’. As mentioned before,
the main buying incentive for the Lumea is
the function. This is also expressed in the
perception of colour. P3N: ‘Functionality is
most important for me, nobody sees it but
me’; P4N:"You don’t buy the Lumea for house

decoration, like a pretty mixer or coffee maker

on your countertop’.

However, white and light colours are
preferred, also considering the category
and intended use. Consumers like that the
product looks ‘fresh and female'(P1N). From
a hygiene point of view, consumers mention
white as the preferred product colour. PN4:
‘This is not a product that should be black.
That is a hygiene thing because spotting dirt is
harder".

Use

Second life consumers expect less in
terms of performance than new consumers.
P2SH:'If | buy something second-hand, | do
expect reduced product durability and use
traces’.

Consumers that bought a new Lumea
create a self-care routine moment with the
Lumea. P3N: ‘I grab my e-reader and a Netflix
movie and take a moment for myself’. P1N:
'I'm pampering myself for a moment, kids
in front of the tv, mom has me-time’. The
second-hand consumers interviewed tend to
have a more practical approach. P1SH: ‘I just
use it as | should and then it goes back into
the closet’. This difference might be due to
the higher investment new consumers make
to buy the product.

Hygiene perception

The Lumea is perceived as a hygienic
product by both new and second-hand
buyers. P2SH: ‘The smooth surface and light
colours make the Lumea easy to clean, it
reminds me of medical products, which meets
my hygiene expectations for products in this
category’. The rounded shapes and corners
are also mentioned as practical for cleaning.
P4N: ‘Few corners or edges, what can get
in between?’. Consumers say that ‘bumps
or holes'(PN3) like buttons, small corners
and split lines are harder to clean. Findings
suggest that product complexity negatively
influences the perceived ease of cleaning.

Summary findings:

Positive associations

As new product appearance; no
visible scratches

Fresh and female product
appearance

The expression of luxury
Robust product designs
Distinctive product design
Simplistic design styles

White colours, associations with
medical products

Smooth surface finishing; emphasize
the ease of cleaning

Rounded shapes and edges

Negative associations

Unaware of refurbished option
New / unknown product use; harder
to predict for consumer what wear
and tear can be expected

Personcal care products are hygiene
sensitive; consumers would rather
personally own a new one

Fragile design styles

Scratches on housing

Complex design styles

Sharp corners and edges; harder to
clean



CHAPTER 2.4

A Luxury personal care product

Now that we have discovered the consumer’s attitude towards refurbished products, it
is important to explore the perception of the Lumea in general.

With one look at a product, we know whether we want to own it or not (van Desmet &
Hekkert, 2007; Weelden et al.,, 2016). Especially for refurbished products, aesthetics
cues are used to judge quality and performance, which can make a difference in
consumer acceptance (Jiménez-Parra et al., 2014; van Weelden et al.,, 2016). This part
focuses on associations consumers have with the Lumea and how these relate to the

acceptance of refurbishment.

Luxury product

The Lumea is a product from Philips’
Prestige product line. This line should express
luxury and quality and is targeted at women
who want to spoil themselves with self-care
(interview Philips designer, 2020). From the
interviews, it can be concluded that consumers
buy the Lumea Prestige not only for its function
but also to pamper themselves with a luxurious
care product. The fact that the cheaper
Advanced model and more expensive Prestige
can coexist proves this.

According to Heine & Phan (2011),
luxury can be defined as: ‘More than only
necessary and ordinary characteristics compared
to other products of their category, which include:
« relatively high level of price
* Premium quality
* qgesthetics (unique)

*rarity

* extraordinarity

* symbolic meaning’

Also, luxury products express a well-
established brand identity (Phau & Pendergast,
2000).

To test the meaning consumers give to
Lumea, a survey was conducted among people
who have seen or experienced the physical
product at least once (n=61). Participants were
asked to rate personality treats on a scale from
one to seven (based on a study conducted
by Mugge, 2018). One being not applicable to
the product at all and seven being completely
descriptive. More details on the survey and
complete results can be found in appendix G.

According to consumers, ‘high quality,
‘luxurious” are very applicable to the product,
confirming the interview findings. ‘Untidy’, ‘silly’
and ‘provocative’ are least associated with
the Lumea. Concluding, the Lumea expresses
exactly what the designers intended.

Luxury products in the circular economy

The most common business model for
luxury products is the ‘classical long life model
(Bocken et al,, 2016). Therefore, not many
studies have been conducted on refurbishing
luxury products. However, Bundgaard and
Huulgaard (2018) state that there are links
between high pricing, premium quality and
durability of luxury products, and the circular
economy’'s inner circles (maintenance, reuse,
and repair).

Luxury personal care and refurbishement
To find out whether refurbishing the
Lumea Prestige is desirable, the expressions of

luxury and refurbishment values are compared:

High level of pricing

Consumers mentioned the Lumea’s high
pricing as the main reason to go for a second
hand instead of a new product. This high
pricing is in line with the expression of luxury
(Heine and Phan, 2011). However, consumers
expect lower pricing for a refurbished product.
If the price difference is not big enough, they
are willing to take the risk. Therefore, a balance
needs to be found between expressing luxury
through price while making refurbishment a
financially beneficial alternative. This challenge
is likely more marketing than design related.

Premium quality

According to Heine and Phan (2011),
quality relates to durability, materials, and
components (a.0.). These characteristics are
mainly experienced via the Lumea'’s design.
Consumers mentioned that the product looks
durable because of its robust and volumes
shape. This also positively associated with
refurbishment since consumers assume the
Lumea can last a long time.

Brand image is related to extraordinarity
(Phau and Pendergast, 2000). However, in case
of the Lumea, consumers mentioned Philips in
relation to the quality, which contributed to the
acceptance of the refurbished product.

« Unique aesthetics

Consumers mention the appearance of
the Lumea to be distinctive and ‘futuristic’. The
Lumea is, among others, associated with a ‘Star
Trek laser gun'’ (fig. 2.4.1) (appendix G for more
examples). This distinctiveness is beneficial for
the expression of luxury. And, according to the
interviews, uniqueness is also beneficial for the
acceptance of the refurbished product: ‘This
thing looks weird, so it must work well’. In this
case, the ‘weirdness' of the design is associated
with high functional performance.

However, the timelessness of the
design must be kept in mind. Enhancing the
uniqueness of the design should not make it
trendy or hype sensitive.

Also, the Lumea’s design is described
as female and soft because of the pastel,
light colours and round shapes. In this case,
it is related to sophistication. Whether this is
positively associated with refurbishment is
unknown. However, it is highly valued by the
Lumea consumers because of the use and
symbolic meaning (explained below).

* Rarity

Since the Lumea is a mass production
product and can be bought in many (web)
stores, rarity is not applicable.

«  Extraordinarity

Extraordinarity can be found in the
Lumea’s design (as discussed before) and the
innovation of the technology. An IPL laser at
home is disruptive compared to the regular
shaving routine and equipment. This, however,
has a negative influence on the acceptance
of the refurbished product. Consumers do
not know how the product was used by the
previous owner, which evokes trouble judging
the durability and quality of the refurbished
product (Mugge and Schoorman, 2012).

* Symbolic meaning

The ‘me-time moment’is the main
symbolic values expressed in the interviews.
The Lumea is a product that gives you a
moment to make yourself look pretty’. Consumers
allow themselves to spend money on (and
invest in) self-care, which is highly symbolic.
From this study, the relation between high
symbolic value and refurbishment can not be
established.

Conclusion

The symbolic meaning of investing
in a luxurious self-care product is, together
with the functionality, the main reason to buy
the Lumea Prestige. This feeling of luxury is
mainly experienced via the uniqueness of the
aesthetics.

For example, according to new
consumers, the silver ring of the Lumea
makes it looks chic. However, second-hand
users mention this shiny ring to be contagious
to fingerprints and scratches, which is not
beneficial for acceptance.

This indicates an interesting
contradiction between the material expression
of luxury and refurbishment values. The
refurbishability redesign should focus on
finding the balance between those values.



CHAPTER 2.5

Problems to solve; Consumer acceptance

Table 2.5.1: Consumer acceptance problems

This chapter answers RQ1: What are the
main hurdles consumer experience when
considering a refurbished product?

The following problems, resulting from the
interviews, should be kept in mind when
designing a product for refurbishment (fig.
2.5.1):

'l

1
\!

1. Fear of contamination

The interviews and survey suggest
that the Lumea’s design evokes positive
associations with hygiene that need to be
maintained.

However, as a personal care product,
the Lumea is also sensitive to contamination
concerns (Mugge et al., 2017). Consumers
confirmed that buying a personal product
like the Lumea Second Life is just not an
option. The idea the someone else used it
before is repulsive.

Some product parts are more
sensitive to contamination than others.

For example, consumers expect the
attachment to be new, because this part
might have touched the bikini-line of the
previous owner On the other hand, the
housing is expected to function and may
even have small scratches. This shows that
contamination sensitivity can differ per
component. Therefore, it is needed to list
the contamination sensitivity of all outer
housing parts and assess the need for
replacement and repair.

In addition, Mugge et al. 2017 state
that enhancing the ease of cleaning might
also reduce the fear of contamination.

2. Financial & performance risk

The Lumea can be described as a
high involvement, static product. According
to Mugge et al. (2017), this means that
consumers want to see value for their
money and that the product’s technology is
less vulnerable to obsolescence.

According to consumers, this makes
the Second Life Lumea less interesting.
They often do not see the financial benefit
and express a fear that the product
is not as durable as a new one. The
Lumea is described by consumers as
‘marathon’ product that requires long term
commitment and therefore the product
should be functional for a long time. The
idea of a used product lowers the perceived
performance and with that the willingness to
buy refurbished.

To tackle this hurdle, is important to
make consumers aware of the satisfactory
aesthetic and functional qualities and the
additional environmental benefits (Mugge
etal, 2017).

PHILIPS

Approved

refurbished
product

3. Refurbishment fuss

Confusion about the meaning of
Second Life and the refurbishment process
that forms the main hurdle.People assume
it means something like second hand, which
is undesirable for a personal care product.

Also, consumers have trouble
judging the quality of refurbished products
and do not know what to expect from the
performance. Consumers are unaware
of the their warranty rights when buying
refurbished and are not willing to take the
risk, especially since the refurbished Lumea
still requires high investment.

Most consumers who bought
the Lumea new were not aware of the
refurbished option, nor were they
interested. This indicates a need for
promotion and awareness campaigns on the
topic. However, younger generations show
less fear and are more informed on circular
strategies. This indicates potential for future
generations of buyers.



CHAPTER 2.6

Consumer concerns & Opportunities

Answering RQ2: How can be Lumea’s refurbished decision making experience be improved?

Consumer concerns

DCCNDELC NICEDN

Opportunities

Confusion about refurbishment
process; Consumers are not
sure what refurbishment is and
what the terms and conditions
are.

Refurbished personal care
products are considered dirty

Promote Second Life like the
new product. Show confidence
as Philips that this really is a valid
substitute to the new Lumeg,
that the consumer can rely your
product quality.

Use social confirmation

to spread awareness (e.g.
‘Greenfluencers’ social media),
by the means of independent
reviews.

CCADCUWINIC

Unaware of refurbishment
option; Consumers do not
know it exists.

Other buying / searching
habits; Consumers are used
to buying new, Second Life or
Try&buy are unknown options
to requires consumers to step
out of their routine.

Currently consumers see the
Second Life options after they
click ‘buy’. By then, they already
adjusted themselves to a new
product. Present the Second
Life as equal to or better than
the new Lumea to increase
interest, and present the option
earlier in the process.

Conclusion enhanced consumer acceptance of refurbished Lumea

Avoid the creation of negative prejustices about the
Second Life Lumea by avoiding prior use traces
and stimulating positive associations through

product design characteristics, which decreases the

perceived financial and functional risk

Less value for money; consumer
have trouble judging the quality
of the Second Life Lumea and

are afraid of ending up with an
overpriced second hand product.
Functionality risk; consumers
buy the Lumea for its
functionality. The use routine
requires long term commitment,

C\/ALI1IATINIC

Clearly express the Second

Life’ functional benefits. So

the option to buy a premium
luxury product for less should be
emphasized. And, positive impact
on the environment.

Focus on aesthetic features to
express desired characteristics.
Consumer base product quality
on what they see. Aesthetic
features of the Lumea show

SO consumers want a durable,
perfectly functioning product.
Second life is associated with
‘'used, therefore reduced
performance is expected.

Fear of contamination; the
Lumea is a personal care project.
The idea of other people having
used it before arouses aversion.

positive associations like hygiene
and luxury. These should be
emphasized in the Second Life
Lumea’s design.

Present possibilities to compare
between new and Second

Life and show clear quality
standards. This makes consumers
feel more secure about their
decision

USE

Lower product expectations of
lifetime and functionality
Missing thrill of newness;

the unboxing and unboarding
experience does not give

the same feeling as with new
products

PURCHASE &

Provide a like new experience
with no prior use traces

Create a positive, satisfactory
experience that evokes a positive
attitude towards refurbished
products in general and
encourages refurbishment as
option in future purchases

Conclusion

At the moment, consumers are not keen
on refurbished personal care products. They are
considered unsanitary and undesirable. The price
is too high for the leap consumer need to take out
of their comfort zone. Also, because consumer are
generally not well informed on the refurbishment
concept and standards, like warranties, consumers
are not willing to take the risk. As short term fix,

remanufacturing could be an option for the Lumea.

With this strategy, products may be sold as new, and
therefore no negative associations are made with
circular products.

However, the younger consumers were more
familiar with refurbishment and expressed a more
open attitude towards the concept. They were more
used to buying second hand products and express

less fear of contamination. Therefore, investing in the
Second Life Lumea should be considered a long term
project. By starting the exploration and development
of the perfect refurbished Lumea now, Philips will

be ready when this younger generation enters the
market.

Project focus

When evaluating potential product options,
consumers experience uncertainty about the product
quality and contamination fear. This project aims
to investigate whether product design features can
influence these concerns and enhance the acceptance
of the Second Life Lumea. Focussing on external
and internal design solutions to be ready for coming
generations of consumers.



Contamination and priority critical parts
Combining functionality and maintenance:

Lightsource

Glass

battery

Capacitor

Fan

PCB

Main problems

Opening the product
Since three triple snap fits had to be broken
before the Lumea could be opened (fig.
3.7.1)

Drop safety

+ The product should comply to shock safety
factor Il; two layers of isolation (IEC 61140).
The device is no longer safe to use for
consumers when broken
The device is broken when consumers can
touch any inner part
The device is broken when the UV filter of
the light exit window (red glass) is broken
The Lumea should be able to withstand 12
drops from p96 eye height without breaking

INSIDE OUT



CHAPTER 3.1

Research approach

Intro

To develop a successful refurbished
product, both the consumer perspective
and the technical product design need to
be investigated. The last chapter identified
the main hurdles consumers face when
concidering a refurbished product. It was
concluded that listing contamination sensitive
parts is needed for efficient refurbishment, just
like increasing the ease of cleaning.

This chapter dives into the product
architecture design and how this influences
the ease of refurbishment for Philips. The
ease of opening the product and reaching the
contamination sensitive parts and technical
priority parts is evaluated. These analyses
provide opportunities and requirements for
the redesign phase.

Research goals

+Understand the internal workings and
product architecture of the Lumea
Determine the current ‘refurbishability’
status of the Lumea and uncover points of
improvement
Determine consumer safety and
disassembly requirements for the redesign

Research questions

1. What are contamination sensitive parts, and
where are they located in the architecture
of the Lumea?

2. What are the priority parts of the Lumea?

3. How many and what actions need to be
taken to reach these priority parts?

4. What are the most prominent product
design hurdles that stand in the way of
efficient refurbishment?

5. What consumer safety requirements should
the Lumea meet?

Figure 3.1.1 Disassembly & hotspot mapping

Methodology
Hotspot mapping & disassembly mapping (fig.
3.1.1) (chapter 3.3 - 3.8)

The ease of disassembly plays a crucial
role in refurbishment. Parts with a high failure
rate or high environmental or economic value
should be easy to replace to ensure a cost-
effect process (Flipsen et al.,, 2020). To redesign
the Lumea for more efficient refurbishment,
the current refurbishability’ is assessed. This
was done via the Hotspot mapping method
(Flipsen et al., 2020). Hotspot mapping helps
designers redesign products for ease of
disassembly. The method provides insights into
critical parts of the product and what actions
should be taken to reach those parts. To do so,
the product should gently be taken apart step
by step (The disassembly set-up is described in
chapter 3.4.). Data from each disassembly step,
for example, the tools used or time needed,
are filled in an included excel sheet. As a result,
this excel sheet indicates hotspots.

To create a visual overview of the depth
of hotspots and disassembly steps taken,
Disassembly mapping was used (De Fazio,
2019). Disassembly mapping is a tool that
visualises the disassembly process, depth of
priority parts and hotspots. The disassembly
map can be seen in chapter 3.6.

Insights from this study are used as input for
the redesign process.

Drop test (fig. 3.1.2) (chapter 3.9)

Currently, the Lumea is designed for
consumer safety. Consumers should not be
able to reach the laser technology. To get
insight into how safe the Lumea currently is,

a drop test was done. This data was used to
create requirements for consumer safety, that
must be taken into account in the redesign.

Figure 3.1.2 Droptest



CHAPTER 3.2

Contamination sensitive parts

Hygiene or so-called ‘contamination’
concerns with refurbished personal care
products is a largely unexplored field. Partly
because of these concerns, personal care
products would just be considered unfit
for refurbishment. However, by addressing
these concerns via product design, a whole
new world of possibilities could open up for
personal care products in refurbishment.

Contamination sensitive definition
Contamination in terms of refurbished
products is mainly explored through consumer
research and not product design. The definition
of Baxter et al. (2016) provides no clear
description of up to what level a component is
sensitive for fear of contamination. However,
hygiene concerns with bringing medical
products back in the loop have been evaluated
with the Spaulding scale (Spaulding, 1970;
Kane et al., 2018). According to this scale, the
Lumea is a non-critical product since it only
touches intact skin. This means that cleaning
and low-level disinfection is sufficient to meet

medical hygiene standards for refurbishment
(Spaulding, 1970).

The Spaulding scale, however, does not

take the consumer’s contamination concerns
into account since it was based on medical
hygiene requirements for professional use.
Also, this scale only concerns complete
products and not separate parts.

Therefore, contamination sensitivity
requires a different definition in the context
of personal use. Based on the Spaulding
model, the interviews with consumers
(n=10) and adjusted to the hotspot mapping
method (Flipsen et al., 2020), the definition of
contamination sensitive is determined (table
3.2.7):

Level 2; critical
The consumer demands a
new part/component

etc.).

A component in contact
with hair growing skin (e.g. dander/skin debris can get
armpit, legs, bikini line

E.g. holes where

stuck, head attachment
pieces

Level 1; semi-critical
The consumer demands an
as new part/component with

no prior use traces

A component in contact
with non-hair growing skin
(e.g. hands).

E.g. buttons, housing

Level 0; non-critical
The consumer demands a

functioning part/component

A component with no skin
contact.

E.g. Internal components

Table 3.2.1; definition levels contamination sensitive

=3\ AN
Figure 3.1.2; contamination sensitive splitlines and corners

Cleaning difficulties

With refurbishing personal care
products come hygiene standards from both
the consumer and the company, as mentioned
before. For successful refurbishment, both
need to be taken into account. Currently,
the Lumea is not being refurbished, but
reprocessed. Reprocessing is defined as;
‘Inspecting and testing a used product for
visual and functional deviations, after which
the product is cleaned and brought back
into the loop’ (Ellen MacArthur Foundation,
2020). To determine which parts are
contamination sensitive and to what degree,
both the reprocessor’s cleaning experience
and consumer’s hygiene expectations were
evaluated.

According to consumers, the front of the
attachment is most prone to contamination
since the user has to press it on the skin.
Also, this part is hard to clean because of split
lines and small corners. Other contamination
sensitive parts mentioned were the optical

Figure 3.1.2; Cleaning splitlines

parts and the flash button, An in-depth
analysis of the consumer’s cleaning routine can
be found in appendix E.

The experience of the reprocessors
confirmed that the attachment is hard to
clean. Reprocessors currently use cotton
swabs to clean the light transmitter hole (fig.
3.1.2), which is time-consuming and requires
precision. A detailed description of the
reprocessors cleaning routine can be found in
appendix E. Table 4.1.2 in appendix F contains
an overview of parts that consumers find
contamination sensitive and what difficulties
reprocessors may experience while cleaning.
This table only contains outer parts since
the internal parts are not accessible for
consumers and therefore are not sensitive for
contamination issues. This list of contamination
critical parts is also integrated into the depth of
priority parts table (table 6.9.1, page 64).




CHAPTER 3.3

Ease of inspection

The Lumea was designed specifically not to be
opened, which is inconvenient for repair. Trying
to open the product will damage the housing

to an unusable state. Therefore, the product

is currently reprocessed, which requires only
inspection and cleaning. An impression of the
reprossing facilities can be seen in figure 3.3.2.
The reprocessing process of the Lumea
contains the following steps (fig. 3.3.3)(Philips,

n.d.):
+ Functionality test

Inspection; The exterior of the Lumea is
checked for damage and traces of use.
Cleaning; Used Lumea's are thoroughly
cleaned to new product standards.
Second life Lumea’s are actually ‘cleaner’
than newly produced Lumea'’s (personal
communication Philips, 2020).

Testing; The used Lumea’s should meet the
same performance and safety requirements

as new Lumea'’s.

Re-packaging; New packaging ensures that

the product feels as good as new.

Inspection reprocessing

Ease of inspection refers to how much

effort it takes to inspect the product’s critical

parts on malfunctions. The Lumea’s inspection
routine consists of a performance, visual and

auditive test (DO00376651 Philips, n.d). If the
product fails any of the three inspections, it

goes to scrap.
During the Visual inspection, attention lies on
the following:

Mechanical deviations, which indicate
significant damage (broken/missing parts)
The status of the attachment, particularly
of the optical area (signs of burns, opacified
filter, broken lamp)

Scratches that affect the visual appearance
of the device. A maximum of 5 scratches
and dots are allowed (fig. 3.3.1; pass).
Fingerprints and cracks are never allowed
(fig. 3.3.1; fail).

During the Auditive inspection, the sound
the used Lumea makes is compared to

a golden reference device. If the Lumea
makes abnormal sounds or no sounds at
all, the product goes to scrap.

1. Receive product

2, Functionality test
Charge Lumea & test

4, Auditive inspection
Check with golden

functions
3.Visual inspection
Broken or missing part?
Scratches?
Check optical area of

3 attachment
A
e, \\
(@)

7. Repackaging &
resale

Figure 3.3.3; Philips reprocessing process

reference product

5.Testing

requirements

6. Cleaning
New product standards

Performace & safety



CHAPTER 3.4

Disassembly of the Lumea; set up

The Lumea was disassembled using
the hotspot mapping method. To do so, the
following set-up was used. The Lumea was
disassembled two times. The first time as
exploration to fully understand the method
and the product architecture. The second
time to compare steps taken and time
needed with more experience. Also, the
second time hotspots were known in advance
and could be investigated in more detail. This
resulted in in-depth product architecture
knowledge and insights in point to improve.

Research design & tools
Three people were involved in the

disassembly process; two ‘disassemblers’
(to encourage thinking out loud and
discussion during the process) and one
‘Process manager’ (fig.4.3.2). As stated in
the hotspot mapping method, the product
was taken apart step by step until only
separate components were left. Complete
assemblies (prefab purchasing parts) like
the PCB or charging cable were considered
as one separate component and were not
disassembled further.
During the process, the following tools were
used;

Screwdriver small (Flathead, crosshead,

Torx)

Screwdriver large (Flathead)

Hairdryer (heat gun)

Scissors

Soldering iron

Utility knife

Scale

Stopwatch

Simultaneously, the ‘Process manager’
populated the Hotspot mapping spreadsheet.
He made sure that, for each part, all
topics in the spreadsheet were discussed
and documented. To ensure complete
documentation of the actions taken, two
cameras filmed the process during the first
disassembly. One with a top view and one
with a front view (fig. 4.3.1). Afterwards, the
videos were used to compare the data in the
sheet (e.g. measured time, actions taken) with
the process. The second disassembly, process
was documented via a disassembly log and
photography.

Limitations

Damaging and breaking parts takes
time and force and can be done in different
ways. These irreversible steps are indicated in
the disassembly map by the damaged/broken
part indicator (figure 4.5.2). Disassembling the
product for the first time was an explorative
and messy process. For example with
opening the product, the housing had to be
broken first to find out how it is fixed. After
performing the disassembly for the first time,
difficult steps were known and could be
anticipated. The second disassembly was less
chaotic and went a lot faster and smoother.
This indicates a learning curve. In the case
of disassembly, wisdom and dexterity come
from experience. Therefore, the disassembly
method should be performed multiple times
to explore multiple options.

Because of the Covid-19 regulations,
the disassembly had to be done from home.
Therefore, we did not have the professional
tools at our disposal that a Philips
refurbishment facility would have. This could
have influenced the disassembly method and
time.

Additionally, the researchers in this
disassembly are not product disassembly
experts. The time to disassemble was
measured in real-time since there is no prior
data available for this product. This means
that comparing the data from this research
to the data from an experienced refurbisher
was not possible. To increase the reliability
of the data, the disassembly was performed
twice. However, for more realistic outcomes,
it is advised to redo this research with a
professional refurbisher.



CHAPTER 3.5

Priority parts hierarchy

Not all parts of a product are inspected during refurbishment. Otherwise, the process

would take too long and would be too costly. Refurbishment is therefore focused

on checking and replacing modules containing clusters of components rather than
separate parts (Thierry et al., 1995). Therefore, prioritisation of parts is needed.
Priority parts are parts that have high functional value and/or high maintenance need
(EN45554). The priority parts of the Lumea Prestige have not been determined yet,
since the product has not been assessed for the purpose of refurbishment before

(Personal communication Philips, 2020).

To make this priority hierarchy, parts have been evaluated on functional
importance, frequencies of failure, hygienic concerns, environmental impact and
economic value. The data needed was subtracted from the Hotspot mapping
spreadsheet (Flipsen, 2020; appendix H) and the contamination sensitive parts table

(Table 4.1.2).

Functionally important parts
Hygiene is important, but if parts critical for the
function fail, the product can not be used at
all. Stripping the Lumea to its core functionality
leaves the following components (fig. 3.5.1 in
red):
+ Optical protection glass
Lightsource
PCB
Fan
Battery
Capacitor

Capasitor

oragging ek

Fig. 3.5.1; core functionality Lumea

Environmental & economical impact

In general, electronics are the most
environmentally and economicly impactful
components. For the Lumea, those are the
PCB's, battery, capacitor and fan (Hotspot
map, Eco-Audit performed in Granta Edupack).
Because of the intense pulse light flash, the
Lumea needs a heavy (and expensive) 420V
capacitor. With recycling and part harvesting in
mind, it is beneficial to be able to remove and
replace this part.

The charging cable is also of high
functional and economic value. But, since the
cable is a prefab purchase part, it will not be
included in the project.

The Eco-Audit indicated that the
attachment is responsible for around 1%
of the environmental impact of the Lumea.
Also, cleaning and repairing are not profitable
considering the hourly wage of refurbishers
and the low production cost of this part
(educated guess). Also, consumers indicated
that the attachment is a contamination
sensitive part (level 2), and therefore has
low desirability. Altogether, it is advised to
replace the attachment during refurbishment.
Therefore, the attachment shall not be taken
into account in the redesign phase.

Failure rates & product lifetime

According to Philips, in theory, the
Lumea can last for 39 years (Personal
communication, 2020). This was probably
calculated under perfect circumstances. But,
the majority of the components are made
of durable materials like plastics, due to
the purpose of the product. These kinds of
materials are unlikely to fail and can last for
multiple product lifetimes. These components
are mainly used for housing purposes and thus
not critical for functionality. However, for safety
reasons (heat and intense light flash) the outer
housing parts should remain intact.

Information on failure rates of the
Lumea is limited. However, online consumer
forums on frequent failures provided some
insights. Most experienced failures on these
fora are battery related. This could be due to
the large periods of inactivity when the product
is used once every three to six months, which
lowers the battery's functionality. Also, when
the Lumea is dropped, the optical parts
are most likely to break first (outcome drop
test, chapter 6.9). These parts are critical for
functionality and consumer safety.



Exploded view

Parts:

Attachment

1. Metal clip (2x)

2. Housing attachment
black

3. Metal measuring

system

Metal light transmit

Housing light transmit

PCB attachment

Housing attachment

pink

8. Housing attachment
white

No v s

Main assembly

Ring

Cover pink

Inside housing buttons

Magnifying glass button

Arrow button

On-off button

Check mark button

Lid interface

9. Backside holder PCB

10.Seal 1

11.Housing lightsource cap
black

12.Glass

13.Seal 2

14.Metal holder
lightsource 2x

15.PCB

16. Lightsource

17. Lightmirror

18.Housing lightsource
internal black

19.Fan

20.5crew 2x

21.Housing handle

22.Capacitor

23.Li-ion battery (2
Rechargeable Li-ion
Battery URT8650W 3.7
1500mAh batteries)

24.Connector charging

25.Pcb pistol button

26. Pistol button

27.Ring backside

28.Inside housing battery
assembly
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CHAPTER 3.6

Disassembly map

Complete assembly

©

# PO

? ®
Yooy
| 2c I
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The disassembly is visualised in a + Time indicator: activities that take 80+ percentile
disassembly map (De Fazio, 2019; Vermaat, time to perform (Flipsen et al, 2020).
2020). This map shows the sequence of actions +  Force indicator: Activities with ‘heavy resistance’,

with the parts and tools involved. However, some
alterations were made to fit this specific product. A
detailed explanation of the labels can be found in *  Precision indicator: Activities that require a high

appendix I.

of the hotspot in the map (based on De Fazio,

2019; Vermaat, 2020):

Time @

Legend

Tools:

Sd = Screwdriver
H = Hands

Hd = hair dryer

Si = Soldering iron
Sc = scissors

FF = wriction fit
SF=Snap fit
US = Unscrew

Priority parts:

Hygiene priority = orange
border

Functional priority = blue
border

x2

forearm muscles or two hands are needed,
around 20 N (hotspot mapping guide, 2020).

level of tool placement precision.
The indicators (fig. 5.4.2) to clarify the nature « Damaged or broken part indicator: Parts are

acceptable for refurbishment.

Force | @ Precision @

Fig. 4.5.2; Indicators hotspots (Vermaat, 2020)

Damaged /
broken part

either no longer functional or no longer visually



CHAPTER 3.7

Ease of disassembly of the Lumea

Trying to disassemble the Lumea without breaking other parts was
challenging. It is fair to say that this product was designed to be
assembled once and never opened again.
To be able to draw conclusions on the current refurbishability
and opportunities to improve this, the data from the Hotspot
mapping datasheet was used. The Hotspot mapping datasheet of the
Lumea can be found in appendix H. The depth of the priority parts,
tool & fixings, disassembly time, consumer and refurbisher safety are

assessed.

Part (nr disassembly map) | Depth (in
disassembly steps)

Glass (12) 8

PCB (15) 6

Lightsource (16) 8

Fan (19) 7

Battery (23) 10

Capacitor (22) 10

Table 3.7; Depth of priority parts

A step is defined as an action in the disassembly map.

For example in figure 3.7.0, removing a friction fit
or deglueing is a step (shown in green and orange).

Having a part or assembly in hand is not counted as

step (shown as blue circles).

0O

Figure 3.7.0; Definition step

'
>

Reaching the priority parts

Since three triple snap fits had to be
broken before the Lumea could be opened
(fig. 3.7.1), in theory, all priority parts are
currently ‘'not removable’ from a refurbishment
perspective. Assuming this will be fixed in the
redesign, we can take a deeper look inside the
Lumea.

The depth is counted from the number of
actions to reach a part. The last part is removed
at a depth of 10. See table 3.7 for the depth of
the priority parts indicated in chapter 3.4.

The main discovery is that the battery
and capacitor, which are most prone to failure
and have the highest environmental and
financial value, are located at the very end of the
disassembly. To reach these parts, especially in
the initial steps, other parts were damaged and
broken. This is inconvenient for repair and part
harvesting.

The most contamination sensitive parts
are located at the top of the disassembly
sequence. The attachment housing parts are
the first to be removed. With the help of a
screwdriver, little force is needed to disassemble
the attachment. It took 53 seconds in total to
find the right tool position, open the snap-fit and
remove the parts.

Fragile parts, like the protection glass
and the light source, are protected with rubber

Figh8./. 1;0pening the cover

‘l\

Fig. 3.7.3; Soldering

and plastic housing and are located 7 to 8
steps into the product. Removing these parts
requires precision and patience since most
snap fits are hidden and the light source has to
be desoldered.

Tools & fixings
The housing is fixed with single use snap

fits and glue, which is an irreversible connector.

Breaking the glued triple snap fits takes high
force and damages the product’s housing,
which is undesirable for refurbishment. Once
the snap fits are broken, the glue has to be
removed with a heat gun (fig. 3.7.2). This is an
uncommon tool and time-consuming activity,
which should be avoided.

Snap fits are used throughout the
product to connect components to the
housing. The snap fits that connect the outer
housing are triple (see figure 3.7.4, next page)
and can only be opened from the inside or
broken with force. The remaining snap fits are
singular and can be opened by hand or with a
screwdriver.

The product mainly consists of friction
fits that can easily be removed by hand or with
a screwdriver as a liver.

The light source assembly is soldered to the
PCB. This requires desoldering to remove the

PCB without breaking it (fig. 3.7.3). The wires
that connect the battery and capacitor to the
PCB are also soldered. These can be cut or
desoldered to remove the PCB. A soldering iron
is not considered an uncommon tool. However,
it is a time-consuming activity and requires
high temperatures, and should therefore be
avoided.

The fan is connected to the battery
assembly housing by two plastic tubes with
are melded on top (figure 3.7.4; next page).
The fan can be removed by pulling with
force, however, it can not be reassembled.
The battery assembly housing is fixed to the
outer housing by two screws that can easily
be reached and removed with a screwdriver.
However, the screws are very small and need
a special Torx screwdriver to be removed. It is
assumed that Philips refurbishers possess such
a screwdriver.

Disassembly time

The time all actions together took was
1332 seconds, around 23 minutes. However,
in real-time, it took around 4.5 hours to
disassemble the Lumea the first time. The
second time, the disassembly was finished
in 1.5 hours. The first time, time was lost
finding the right tools and correct positions.



An experienced refurbisher with the right
guidelines should be able to disassemble the
complete product in an hour (educated guess
by mechanical engineer).

Opening the Lumea is by far the most
time-consuming activity. This is mainly due to
the time it takes to find the right angle and
break the fixings. Once this is done, the next
time-consuming activities are removing fragile
parts like the PCB (210 seconds) and the light
source assembly (382 seconds). Once the
PCB has been removed, the disassembly time
significantly reduces. The remaining 13 (out
of 28) parts can be taken apart in a matter of
minutes (5 min and 26 seq).

Consumer and refurbisher safety
Surprising was that the Lumea was
still charged during the disassembly. The

‘disassembly Lumea’ was broken, so power was
not expected. But, as soon as the front housing

was removed, the product started to smell

like smoke and made short-circuit. It can not
be said from this research whether the short
circuit was designed or not. Also, the wires
were still powered while cutting. Especially
with capacitor this size, this power can be
dangerous. All together can be concluded

that disassembling the Lumea can cause an
‘extremely hazardous situation for the user’
(Philips Lumea manual, 2015), and should only

be done by professionals with a clear guideline.

Pink housing Ring

Y

Opening the product

As mentioned before, opening the
product without damaging the housing
permanently is vital to allow refurbishment.
Finding a way to open the Lumea took almost
half an hour of finding the right tool and angle.
This should be reconsidered in the redesign.
Therefore, the fits involved in opening the
Lumea need to be investigated.

The housing is fixed with 3 triple snap
fits and glue. These snap-fits are clamped from
three sides (figure 3.7.4), the left, the right, and
inwards. This means that the snap fits can only
be opened from the inside, pushing the left
and right together and the middle outwards.
This is impossible with the current design when
the product is closed. Also, two people are
needed to perform the task. Therefore, the

.

Fig. 3.7.4; Snapfits opening

e

Fig. 3.7.5; schematic section of the opening airhole Lumea

Fig. 3.7.6; snapfits ring

White housing
buttons

snap-fits need to be broken in order to open
the product.

The air inlet that was used as the
position to open the product, is partly hidden
by the plastic ring (fig. 3.7.5). This ring is
attached to the housing with 5 single snap fits
all around (fig. 3.7.6). The ring is one round
piece that can only be removed once the
product is open.

The Lumea was designed this way to
ensure consumer safety. As mentioned before,
opening the Lumea is potentially dangerous
for consumers because of high power and
laser light. Therefore, the Lumea should not
open when it drops. To avoid all risk, the
product is completely sealed. To ensure a safe
refurbished product, the minimum drop safety
requirements should be known.



CHAPTER 3.8

Consumer safety; Drop test

One of the most common causes of failure for portable electronic
products is from drop impact (Kim et al., 2020). The Lumea was
designed for consumer safety, not refurbishment. To avoid any risk of
opening, for example when dropped, the product is over defined for
protection. Although understandable, this is an obstacle to efficient
refurbishment. To ensure a safe refurbished product, the minimum
drop safety requirements should be known. The problem is, there are
no requirements available for the Lumea. This makes arguing about the
removal of fittings difficult. Therefore, the fall safety requirements must
first be determined. This was done by means of a drop test.

Redesign design and tools

This research examines the Lumea’s
drop impact response. To research the
drop impact, the Lumea was dropped
multiple times from a fixed height (Lim &
Low, 2003; Zebra, 2020). This continued
until the housing broke and internal
components were reachable. The drops
were filmed using a high-speed camera
(front view) and a mobile phone in slomo
mode (side view) at the applied labs at
the IDE faculty (fig. 3.8.1). After each drop,
the product was examined for damage
and changes were logged. The high-speed
camera footage provides insights into
the impact orientation. The footage was
analysed afterwards to indicate where

bending and cracks occur at impact. The
product was oriented interface up, charge
cable inlet down. The unit was turned off
while dropped.

The following tools were used during the
test:
+  High-speed camera

Camera

Mobile phone with slomo film function
Laptop with high-speed camera
software

Wooden floor piece

Lumea

Fig. 3.8.1: Test set up; camera angles

Testing standards

Researching literature, there seem
to be no norms or standards for personal
care consumer electronics when it comes
to dropping durability. Therefore, the
Lumea Prestige manual (2015) is used to

Create requirements. Based on the manual;

the following definitions can be stated:

The product should comply to shock safety

factor II; two layers of isolation (IEC 61140).

The device is no longer safe to use for

consumers when broken

« The device is broken when consumers
can touch any inner part

* The device is broken when the UV filter of
the light exit window (red glass) is broken

Now that the term ‘broken’ is
defined, the number of drops the Lumea
should be able to handle before it breaks
should be determined. Internet research
suggests that most existing standards
are for mobile phones. Companies often
create their own standards and tests.

Comparing these tests, on average, phones

should survive a minimum of around 6
drops without visual damage or data loss.
Since there are no standards for personal
care products like the Lumea, the phones
standards are used as a rule of thumb.
Considering the technology in the Lumea
is heavier than that of a mobile phone, a
safety factor of 2 is applied (Sagot et al.,
2003).

Then there is the drop height. The
face is the highest place on the body to
use the Lumea. Therefore, the Lumea
was dropped from the researcher’s eye
height (1.67 m) (fig. 3.8.1). According to
DINED (2020), this eye height includes
96% of Dutch women between 20-60.
Product safety factors are usually designed

for the 5th to the 95th percentile (Sagot
et al., 2003), which indicates that p96 is

a sufficient safety factor. Based on this
information, the following standard is set:

The Lumea should be able to withstand 12

drops from p96 eye height without breaking

Fig. 3.8.2: Drop test



Results drop test

Broken attachment

After three drops, the housing
of the attachment was broken.
However, it was still functional.
For safety reasons the
attachment was removed from
the assembly for the remainder
of the test.

No longer functional

Visible cracks and broken light
source.

The front of the pink housing
showed visible cracks in the
corners, indicating a weak spot.
Since the Lumea is top heavy,
most drops hit impact at the
same position, the front. This
could explain why the light
source was the first critical
component to fail.

Housing open; unsafe to use

The housing cracked open at the
back side of the product. The
snapfits were burst open by de
impact. The picture on the left
shows that the product opens
below the PCB, giving access to
the fan.

Housing broken

At this point, the pink housing
completely cracked open and
the test was ended. As can be
seen in the picture on the right,
the snapfits are still in tact and in
position. Thus, it is more likely for
the housing to fail under impact

than the snap fits.
ﬁ\v@

Fig. 3.8.3: Results droptest

Test limitations and recommendations

Due to the limited amount of
Lumea’s available, the test was only
conducted with one product. Other
safety standards tests suggest using at
least 3 devices for testing (Zebra, 2020;
U.S. Military Standard, n.d.). Therefore it
is advised to redo this test with multiple
devices to increase the likelihood of the
outcomes.

While drop testing validates that a
device can withstand a limited number of
impacts of a specific intensity, it cannot
ensure that a device will survive all drop
situations (Zebra, 2020). The Lumea had
different impact locations during the test,

distributing the damage over the housing.

If the product was impacted on exactly
the same location every time, the amount
of drops the Lumea can withstand would
probably have been less.

To validate the outcomes and gain
more insights on impact power, sensors
should be used to measure the impact.
In this research, the footage was suppost
to be analysed using Tracker software.
However, because the footage was filmed
in slomo, results were not reliable.

Conclusion
The results of the droptest are
visualised in figure 3.8.3.

The Lumea should be able to withstand 12
drops from p96 eye height without breaking

It can be stated that the Lumea
meets the aforementioned requirements.
The internal components are accessible
after 17 drops, which surpasses the
requirement of 12. This suggests that there
is room to redesign or remove fixings and
still meet the safety requirements.

Also, the technical internal
components are more likely to break than
the housing. The attachment broke after 3
drops, which means that the product, or at
least that attachment, should no longer be
used. Considering that consumers can buy
attachments separately (Philips.com, 2020;
Marktplaats.nl, 2020), the test continued.
The light source broke after 8 drops,
making the main assembly dysfunctional.
The light source is the first of the critical
components list the fail.

The housing started to show cracks
8 drops, and met the broken definition
after 17 drops. This means that consumers
can no longer use the product due to
functional failture before it reaches the
aforementioned threshold of broken.

After 29 drops, the triple snapfits
were still in tact. The housing, however,
broke in two. This shows that the three
triple snapfits are indeed over defined for
consumer safety.

Due to the heavyness of the head,
the Lumea landed on the front, creating
impact and moment in the z direction
(fig. 3.8.3, first picture). This means that
connecting the housing parts in the x or y
direction would be most secure.



CHAPTER 3.9

Refurbishability of the Lumea

The Lumea, in its current state, can not be
refurbished efficiently. Opening the housing
and the short-circuit caused so much damage
that the refurbishment is no longer financially
viable (educated guess by mechanical
engineer).

The average force and precision
needed to disassemble the Lumea are low,
and the accessibility high (Hotspot mapping
spreadsheet Flipsen, 2020). However, the
disassembly time is long compared to
other products in this category (Personal
communication Philips, 2020). The is mainly
due to the time spend on breaking snap-fits
to open the product. But, once the Lumea is
open, it consists of many assemblies that can
be removed separately with little force and
minimal tool use.

The main refurbishment issue is
consumer safety. The safety of the consumer
is of course paramount. However, the drop

test indicates that there is room to explore
redesign options within the safety standards to
enhance the refurbishability of the Lumea.

Following up on the issue of opening the
Lumea. The need for a heat gun and soldering
iron should be designed out of the product
disassembly. These actions take too much
valuable time.

Another issue is the depth of the battery
and capacitor, which are priority parts. These
components need to be easy to reach and
replace to ensure viable refurbishment.

Table 3.9.1 answers the following research
questions:

RQ1: What are contamination sensitive parts
and where are they located in the Lumea?
RQ2: What are the priority parts of the Lumea?
RQ3: How many and what steps need to be
taken to reach these priority parts?

Part (nr disassembly map) Depth (in Functional Contamination
disassembly steps) | priority? sensitive?

Button interface assembly (3-8) 2 x— level 1

Ring (1) 3 x— level 1

Attachments housing pink 3 X X — level 2

(disassembly map attachment 7)

Attachments housing white 4 X X— level 2

(disassembly map attachment 8)

Metal light transmit (disassembly 5 x— level 1

map attachment 4)

Housing light source cap black (11) | 7 x— level 1

Fan (19) 7 X

Lightsource (16) 8 X

Glass (12) 8 X x— level 1

Housing handle (21) 9 x— level 1

Pistol button (26) 10 x— level 1

Battery (23) 10 X

Capacitor (22) 10 X

Table 3.9.1: priority parts depth

Figure 3.10; problems to solve

g

CHAPTER 3.10

Problems to solve; Refurbishability

RQ4: What are the biggest product design hurdles that stand in the way of easy refurbishment?
. Opening the product’'s housing with less force, no damage and without compromising on
consumer safety. Make reassembly possible. Solution focus: reversible fits.
Battery and capacitor depth: Components with the largest carbon footprint. Faster
replacement/repair and fewer steps needed to ensure efficient refurbishment.
Ease of cleaning; many small corners and split lines

RQ5: What consumer safety requirements should the Lumea meet?
The device is no longer safe to use for consumers when broken
The device is broken when consumers can touch any inner part
The device is broken when the UV filter of the light exit window (red glass) is broken

The Lumea should be able to withstand 12 drops from p96 eye height without breaking
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The influence of aesthetics The influence of different characteristics on
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aspect for solving the overarching significantly higher WTB mean (m =4.74; p =
societal problem that stands in the way <0.05) compared to the current Lumea
of refurbished product acceptance; +  Regression analyses showed that ‘simple’
. misconceptions about refurbishment (fig. and ‘hygienic’ have a weak positive relation
5.2.1). (p = <0.05) with WTB refurbished.
+ A stepwise regression was done to explore
Lumea design parameters the effects of the characteristics on the
Luxury WIB identified 'hygienic’ as the strongest
Hygiene predictor.

Durability



CHAPTER 4.1

Research Approach

Intro

The interviews (chapter 2.3) indicated
that consumers have a preference for white
(or light coloured) products. Also, smooth
textures were mentioned as favourable for
the refurbished Lumea. Textures were mainly
mentioned in relation to fear of contamination
or hygiene. And, shapes and design styles were
related to the perceived quality.

These findings, however, are based on
qualitative research. To prove their validity,
these statements need to be quantified in a
larger scale survey.

This chapter explores the influence of
aesthetic features, colour and texture, on the
consumer’s willingness to buy refurbished.

Six colour and textures variations of the

Lumea were created (fig. 4.1.1) and tested on
consumer acceptance compared to the current
Lumea.

Research goals
Find out whether colour and texture have
a significant influence on the willingness to
buy of the refurbished Lumea

Research questions

1. What aesthetics features do consumers
favour for the refurbished Lumea?

2. What characteristics positively influence the
willingness to buy refurbished?

3. What (aesthetic) features can be redesigned
to enhance the acceptance of the
refurbished Lumea?

Methodology
Variables

The following variables are tested in this survey:
Simple
Trendy
Robuust
Sustainable
Complex
Timeless
Fragile
Hygienic

N A WN =

Trendy’ and ‘timeless’ were chosen
based on research by Wallner et al. (2020).
Timeless should have a positive influence on
the perception of a refurbished product. In that
sense, trendy should have a negative influence
on the perception. ‘Simple” and ‘complex’ were
also selected based on this research.

Research by Wallner et al. (2020) and
the consumer interviews conducted in this
project suggest that consumers prefer robuust
refurbished products over products with a
fragile appearance. To test this statement,
the characteristics robuust’ and ‘fragile’ were
selected.

Various studies state that sustainability,
or a sustainable image has no influence on
the decision to buy refurbished (Michaud
and Llerena, 2010; Abbey et al.,, 2015; van
Weelden et al.,, 2016; Wewer et al., 2020).

This is contradictory to the findings from

the interview, in which consumers state that
environmental concerns to influence their
decision. A sustainable looking product and
knowing that the product is refurbished and
thus sustainable, are ofcourse, not the same.
However, whether this statement is also

valid for the personal care product, like the
Lumea, has not been confirmed yet. Therefore,
'sustainable’ was tested aswell.

Lastly, consumers base many of their
buying decisions on their perception of hygiene
and fear of contamination. To validate this
statement, the characteristic ‘nygiene’ was also
tested.

Procedure & stimuli

The questionnaire consisted of
two parts; first rate the current Lumea on
willingness to buy and characteristics. Than,
rate of 6 variations on willingness to buy and
the same variations.

The questionnaire started demographics
and an introduction to the Lumea in the form
of a video and a small text. Subsequently,
the respondents were asked to rate the
beforementioned characteristics based on the

56+

26-40
19.3%

design of the current Lumea. All characteristics
were measured on seven point Likert scales,
from 1 (‘'strongly disagree’) to 7 (‘'strongly
agree’). Participants were also asked to rate
their willingness to buy the current Lumea.

Next, Second Life was introduced with a
process explaination from the Philips website.
Consumers were given a scenario and a price
and were aksed to scale how likely they were to
buy the current Lumea Second Life instead of
new and explain why.

Afterwards Second Life is defined as
refurbished. Participants were asked whether
they had ever heared of refurbished, and if so,
if they ever bought a refurbished product.

Finally, consumers were shown a
picture and a scenario about one of the six
design variations shown in fig. 4.1.1. These
designs variated in colour and surface texture.
Again, participants were asked to rate the
beforementioned characteristics based on the

Females
(n=114)

Figure 4.1.2; Age devision
participants

design and how likely they were to buy this
Lumea refurbished instead of new.

Sample

The Lumea’s target consumers are
females, therefore only females were asked to
participate in this research.

The online questionnaire was send
out via personal social media channels like
Facebook and Whatsapp groups.

The sample (n=114) concisted of
different age groups, with the majority of
participants was below 26 years old (54%) (fig.
4.1.2). This is probably due to the audience
of the personal social media channels of the
researcher. Sample consisted of both Dutch
and non-Dutch speaking participants (23% non
dutch speaking).

Each design variable was rated by at
least 18 participants (fig. 4.1.1).

Figure 4.1.1; Variations Lumea
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CHAPTER 4.2

Colour, texture and willingness to buy

After closing the survey, the data was sorted and analysed using SPSS.
Detailed results of this study can be found in appendix . The following
chapter discusses the results and indicates recommendations.

Aesthetic preferences

Figure 4.2.1 shows the means of the
willingness to buy (referred to as WTB from
now on) of the variations of the Lumea.
Considering the variables were measured on
a 7 point scale, it can be concluded that this
sample has a positive attitude towards buying
the Lumea refurbished (m total = 3.42). This
is in line with studies conducted by Mugge et
al. (2017), van Weelden et al. (2015) and the
consumer interviews conducted in this project,
where consumer showed a positive initial
response to refurbishment.

The shiny white version of the Lumea
has a significantly higher WTB mean (m =
4.74; p = <0.05) compared to the current
Lumea. Participants from all age groups
preferred the shiny white version. This is in line
with the interview results, which also showed
a preference towards shiny white products
for contamination reasons. No significant
differences in WTB can be found between the
variations.

However, from this data, it can not be
concluded whether consumers prefer the
colour white for a refurbished personal care
product or if they consider white as a more

suitable colour for the Lumea considering

the product use. The white variations have a
higher average WTB than the darker variations
(fig. 4.2.2), but these differences were not
significant. The interviews suggested that white
is associated with medical equipment and
household electronics. Since the Lumea fits
both these descriptions, it could be that white
is @ more favourable colour for the Lumea in
general, refurbished or not.

The same goes for shiny surface
finishing. The study indicated a slight
preference towards shiny products but not
significant (delta mean = 0.27). Interviews
pointed out that consumers associate smooth
texture finishing with high ease of cleaning.
Although shiny and smooth are not the same,
they could be related in the eyes of consumers.
Since the Lumea is a personal care product,
this could be a general preference and not per-
definition refurbishment related.

The influence of different characteristics on
willingness to buy refurbished

Regression analyses showed that ‘simple’
and ‘hygienic’ have a weak positive relation
(p = <0.05) with WTB refurbished, which was

Figure 4.2.1; the means of ‘willingness to buy refurbished’ from different Lumea

variations
7
5
474
3 3.39 3.45
Current  White White
Lumea  Shiny Mat

35
3.11 3.11
2.67
Grey Grey Black Black
Shiny Mat Shiny Mat

Figure 4.2.2; the means of ‘willingness to buy refurbished’ on colours and textures

7
5
3.79
3 3.39 3.22
Current  White Grey
Lumea

expected considering other studies (consumer
interviews; Wallner et al.,, 2020). This suggests
that the more simple and hygienic the product
is, the higher the willingness to buy refurbished
will be.

A stepwise regression was done to
explore the effects of the characteristics on
the WIB identified ‘hygienic’ as the strongest
predictor. This study doesn't prove that this
relation is causal but it seems reasonable that
improving hygiene perception will cause a
slightly higher overall WTB of the refurbished
product since this is in line with the consumer
interview outcomes.

Surprisingly, no effect was found for
the other characteristics; trendy, robust,
sustainable, complex, timeless and fragile. For
'sustainability’ this was expected, considering
the results from earlier studies (Michaud and
Llerena, 2011; Abbey et al.,, 2015; van Weelden
et al,, 2016; Wewer et al., 2020).

For ‘timeless’ and ‘trendy’ however,

a positive effect was expected based on
Wallner et al. (2020). This could be due to the
fact that these terms are multi interpretable.
Trendy could be interpreted as ‘modern’

or ‘contemporary’ as well as ‘pretty’ or
‘fashionable’. This could lead to inconclusive
results.

Age and willingness to buy

During the interviews, it was observed
that younger participants had a more open
attitude towards the idea of refurbishment.
They were more informed on circular options
and were less affected by performance and
financial risk. The survey confirmed that the
younger generation (<26) are significantly
more willing to buy refurbished than older age

3.54 3.27
2.89

Black Shiny Mat

groups (26-40; 40-56; 56+) (p = <0.05).
Limitations and recommendations

This survey might not have been the
best way to test textures. Textures can be
seen and judged from pictures, however, it is
mainly a tactile product design feature. Also,
the textures were less prominently visible from
the pictures than the colour. In that sense,
they were not presented equally, which could
have been the cause of inconclusive results
on textures. It is recommended to test the
influence of texture in qualitative studies with
tactile prototypes, where consumers can
experience the differences first hand. Or, in
qualitative studies, compared only to other
textures instead of to more visually dominant
present features, like colours in this case.

The different Lumea variations were
only tested by 18 to 20 participants each.
This makes the results more dependent
on individual answers. It is therefore
recommended to repeat this study with a
larger sample to enhance the reliability of the
outcomes.

Building on this, the age groups were
not equally distributed. The age group <26
represented 54% of all participants. Since
this has a more positive attitude towards
refurbishment, as argued before, this could
have influenced the average willingness to buy.

In this study, the shape of the Lumea
was not changed. To could have been the
cause of the non-significant effects regarding
robustness and fragility. However, interviews
did suggest a potential relationship between
the shape and perceived quality. For future
research is might be interesting to explore this
further.



CHAPTER 4.3

The influence of aesthetics

This chapter combines literature, survey results and insights from the
consumer interviews into one conclusion on the influence of aesthetics
on the consumer acceptance of refurbished products.

Consumer priorities

Price is by far the most prominent factor
influencing acceptance. In the survey and the
interviews, consumers express contamination
concerns and functional qualities as hurdles
not to buy refurbished. But, once the price
reduction is significant enough, these
considerations are overruled. The financial risk
becomes so low that consumers are Wwilling to
take the functionality risk'.

When shown a new and a refurbished
Lumea with similar pricing, performance
becomes the primary concern. Consumers
consider the Lumea a ‘marathon product,,
meaning it should last for years. This indicated
a consumer need for reassurance and security
on performance.

Societal stigma

Consumers experience insecurity about
the durability of the Lumea and whether
it will be worth their investment. Also, the
consumer mention that the ‘Second Life
Lumea is too expensive for a used product’. It
can therefore be concluded that financial
risk is related to the misconception about
refurbishment. If consumers knew exactly what

Refurbishment in

society Angh impact

Purchase habits /
behaviour

Product "9
aesthetics &b

Low impact

Figure 5.2.1; impact aesthetics on refurbishment

refurbishment was, estimating the risks of
buying a refurbished product would be easier.
Therefore, societal stigma and low awareness
have the highest impact on acceptance.

The influence of aesthetics

Aesthetic product features have little to
no influence on considering refurbished during
the search phase. In other words, specific
aesthetics are not going to make refurbishment
a considered option. First, the consumers most
decide to consider refurbished. Then aesthetic
features come into play. These aesthetic
features help consumers judge whether this
product meets contamination and functionality
needs.

Product aesthetics is only one of the
multiple factors that consumers use to balance
benefits and risks. Other factors mentioned
were warrantee, service and brand trust. This
indicates that the influence of aesthetics on
the problem of refurbishment acceptance
is minor compared to the societal stigma.
However, that does not mean that there is no
influence at all. Consumer expresses a clear
preference towards characteristics associated
with hygiene, like white colours and smooth
textures. Therefore, creating associations with
hygiene can increase the willingness to buy
refurbished (Huang et al., 2020).

The best way to describe the effect of
aesthetics on acceptance would be;

Aesthetics influence the acceptance via
associations but will not be the deciding
aspect for solving the overarching societal
problem that stands in the way of refurbished
product acceptance; misconceptions about
refurbishment (fig. 5.2.1).

CHAPTER 4.4

Lumea design characteristics parameters

As concluded in the previous chapter, the influence of aesthetics has mainly to do with
associations. This chapter summarizes the highest valued characteristics and associations
found during research in this project. Afterwards, the current Lumea is evaluated on these
characteristics and opportunities are identified. To create positive associations with the
refurbished product, the design should express the following characteristics:

1. Luxury

The expression of luxury is one of the
Lumea’s raisons d'étre, as argued in chapter
2.4. The symbolic meaning of investing in a
luxurious self-care product is, together with the
functionality, the main reason to buy a Lumea
Prestige.

Therefore, the feeling of luxury should
be maintained in the redesign. This can either
be achieved via material expression, or via a
distinctive design.

2. Durability

Durability can be expressed by a
timeless design; not sensitive to consumer
trends and time (Lobos, 2014) and stays
relevant over time in terms of design and
technology (upgradability), or via a sturdy look;
the product does not break easily.

Timeless designs can be achieved by
designing a product that can be repaired and
upgraded in architecture. It is also related to
creating a unique product, an archetype, that
is not associated with popular aesthetic cues
(Lobos, 2014). However, IPL is a relatively new
product category. Therefore it makes sense
that the Lumea scores around average on
timeless (survey data). There is no archetype to
relate to. But, looking at competitor products,
the Lumea is well on its way to becoming an
archetype by itself (interview Lumea designer,
2020). Competitor IPL devices show a similar
shape. This indicates opportunities to optimise
the distinctive shape and grow in perceived
timelessness.

Also, the consumer interviews suggest
that the Lumea looks sturdy, and the ‘weird
shape’ evokes a feeling of trust.

Durability can also be achieved via
simple design styles. A simple design aims to
slim a product down to its core functionality.
The survey suggests that simplicity has a
positive effect on the willingness to buy of
refurbished products This, together with the
potential of becoming an archetype, makes the
overall shape a feature to keep.

3. Hygienic

Hygiene is the Lumea’s most dominant
characteristic, as confirmed by the interviews
and survey. In terms of design, it can be found
in the finishing and details.

The smooth surface finishing and
light colours make the product (look) easy to
clean, valued highly by consumers. Also, little
complexity in terms of splitlines and sharp
corners contribute to this perception. However,
the shiny ring does not fit the hygiene
description. It is contagious to fingerprints and
scratches, which evokes negative associations
with previous use. Since associations are about
visuals cues, scratch-free materials are not
going to do the trick. To follow the Philips style
guidelines (technology should be highlighted)
and maintain the luxury feel, so other ways of
achieving this should be explored.
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Design for refurbishment; redesign

This chapter presents the redesign of the Lumea Prestige for refurbishment.
The product-specific problems and insights found during research throughout
the project are applied. From a consumer acceptance perspective as well as
from a product architecture perspective, design solutions are presented. The
redesigns are divided into two main concepts; (1) Repair the past, which can
be implemented today with minimum mould and design changes, and (2)
Design for the future (shown on the right, fig. 5.0.1), a conceptual redesign of
the Lumea to optimize the refurbishment process and consumer acceptance.
The design for the future solutions are elaborated to a conceptual level to
inspire Philips designers on what to research and develop further. The designs
are created to meet the wishes and demands of both new and refurbished
consumers.

Consumer acceptance aesthetics

The redesign proposes multiple solutions to enhance consumer
acceptance. Repair the past focuses mainly on removing negative associations
within the limits of the current shape and moulds used. Design for the future
proposes more aesthetic changes to create and emphasize positive consumer
associations. The design shown on the right emphasizes positive associations
by the expression of luxury, durability and hygiene.

Product architecture solutions

Also, product architecture solutions are proposed. The goal of repair
the past is to redesign the opening sequence within the limits of the current
design. By trimming fasteners, the disassembly sequence is simplified and
shortened. The main challenge was to trim as many fasteners as possible
without (1) compromising consumer safety and (2) giving consumers access
to the internal components. This solution does not allow breaking parts to
open the product, like in the current design. Also, the contamination sensitive
housing parts are now easier to access and replace, to need the needs of the
consumer.

Design for the futures explores more radical design changes to ease
the opening of the product and increase the accessibility of critical parts,
focussing on the battery and capacitor. Again, keeping the two aforementioned
goals in mind. The redesign (shown on the right) shows the new opening
sequence with two hidden screws. By clumping components, the disassembly
time and actions to take have been shortened. The battery and capacitor are
now reachable within five steps (ten steps needed in current design), with
low force, no uncommon tools needed and no broken parts. Also, all housing
components can now be removed and replaced within five steps to enhance
the ease of repairing outer housing parts to as new state, as demanded by the
consumers.

Figure 5.0.1; illustration redesign mechanism \



CHAPTER 5.1

Problems & requirements

As mentioned before, this chapter presents two redesigns. (1) Repair
the past (RTP) and Design for the future (D4TF). Both redesigns were
created via build-measure-learn loops. By the means of 3D printing,
prototypes were created to test architecture solutions. Also, design
drawing technigues were used to communicate aesthetical changes

to consumers. A detailed describtion of the ideation approach and
brainstorm outcomes can be found in appendix K. The redesign aim to
solve the problems, and fellow the requirements, mentioned below:

Problems to solve

1. Opening the product's housing with 4.

less force, no damage and without
compromising on consumer safety. Make
reassembly possible.

2. Battery and capacitor depth:
Components with the largest carbon

footprint. Faster replacement/repair and 5.

fewer steps needed to reach battery
assembly.

3. Fear of contamination: The Lumea’s
design evokes positive associations with
hygiene that need to be maintained.
However, some product parts are more
sensitive to contamination than others

Requirements; Norms and standards

Financial & performance risk: Consumers
want to see value for their money. It is
important to make consumers aware of

the satisfactory aesthetic and functional
qualities and the additional environmental
benefits through product design
Refurbishment fuss: Respond to
confusion by designing positive associations
that increase the perception of hygiene or
luxury.

The following requirements were found during research, in the product manual and European

commission website (ec.europa.eu, 2020):
+ The product complies with IP30

The product complies with shock safety class Il regulation

The product complies with EN45554

The product complies with the EU plans for battery replacement
The redesign should not increase the environmental impact compared to the

current product

The Lumea should be able to withstand 12 drops from p96 eye height without breaking
The Lumea is broken when consumers can reach internal components
Only a professional refurbisher with the disassembly guidelines should be able to open the

product

CHAPTER 5.2

Repair the past; consumer acceptance

This solution requires minimal design changes and can be implemented today.

It focuses on incremental, but meaningful design changes within the limits of

the current molds and shape design. The current design not be opened without
breaking it to a non-repairable state. Therefore the main objective of this redesign
is: facilitating the opening of the product, without compromising the consumer
safety or breaking any housing parts. By the means of 3D printing, rapid protoypes
were created to test the (dis)assembly sequence and consumer safety. Also, the
design parameters identified in chapter 4.4, are applied to the product.

Applying design parameters

The research showed that the Lumea
already scores relatively high on the design
parameters; hygiene, high quality and luxury.
Therefore, in repairing the past redesign. It can
be chosen to maintain the current design and
focus on architectural design problems and
marketing related awareness problems.

However, to illustrate the study results,
the insights have been summarized and
processed into external design adjustments.
The focus here is, therefore, mainly to remove
uncertainty and negative associations. Since
repair the past involves incremental changes,
the mould should remain as is. Therefore the
only colour can be considered, limiting the
possibilities.

However, the survey and interviews
showed that little changes could be
meaningful. The survey showed a preference

| /;

Figure 5.2.1; Incremental changes appearance 7

for white colours and smooth surface finishing.
This could therefore be the basis for the repair
of the past design (fig. 5.2.1).

The silver ring was reported to be
sensitive to scratches, enhancing fear of
contamination. Therefore, the ring should be
replaced with a feature that expresses luxury
and highlights the technology but does not
evoke negative associations regarding hygiene
and prior use.

Keeping these requirements in mind, it
may be an option to replace the material of the
current ring with the material and colour used
for the pink cover to adhere the Philips design
guidelines. Giving the Lumea a more clean
and medical look without losing the female
touch. Also, the pink cover has a light shimmer,
maintaining the perception of luxury.




CHAPTER 5.3

RTP: Product archicture

Focus

The main focus is to increase the
ease of opening (compared to the current
design) without compromising consumer
safety. The current Lumea needs to be
broken before they can be opened. The goal
of this redesign was to make sure that the
product can be opened without breaking
any housing parts or irreversible snap fits.
This was achieving by trimming fasteners
step by step and designing the need for
uncommon tools out of the disassembly.

The main challenge lies in designing
an opening sequence that can only be
completed if the person knows what steps
to take. The product should not be able to
be opened by accident during normal use or
on intuition. Only a professional refurbisher
with the manual should be able to do this.

The fear of contamination adds
extra complexity to the problem. Since this
redesign is an approach from a consumer
perspective, their contamination needs
must be included. Consumers demand
that components touching the body are
new, in this case, the attachments. Since it

was already argued in chapter 4 that these
should be replaced as a whole, since repair
would not be cost-efficient, these are no
longer taken into account. The rest of the
external housing should be in as new state,
since scratches are related to functional
failure. This indicates that the housing
should be quick to reach and replace, which
should be designed into the disassembly
sequence.

Finally, disassembly is only one half
of the work. Once the product is taken
apart, it should be possible to reassemble it
again. Due to the many broken snap fits and
damaged parts, the product can currently
not be fully reassembled. Especially the
housing is no longer functional. This
should be redesigned to allow for viable
refurbishment.

All these challenges should be
applied within the limits of the current
design. The redesign should not require a
completely new mould, only adjustments to
the current design.

3 Figure 5.3.1; Fasteners housing

Increase the ease of opening through
trimming

Consumer safety can never be
compromised. The current design is fixed
with glue, three triple snap fits and two
double snapfits (fig. 5.3.1), which can only
be opened by breaking (as elaborated
in chapter 3.7). However, the droptest
indicated that there is room for trimming
fixings within the safety requirements.
Trimming involves decreasing the number
of activities and time needed to reach
priority parts (Flipsen, 2020). In case of the
Lumea, the trimming technique was used
to redesign the fasteners that connect the
outer housing parts.

Components involved

Opening the initial assembly involves the
following three components (fig. 5.3.1):
1. Pink housing

2. White interface housing

3. Handle Housing

Method

To make sure that consumer safety
requirements were met, a build-measure-
learn approach was used. Designs were
build in CAD models, 3D printed an tested
on (1) (dis)assembly sequence, and (2) on
drop safety. The drop safety tests were
conducted following a similar method as
described in chapter 3.8. The outcomes of
the drop test will be discussed in chapter
5.4.

Figure 5.3.2; Simplified pin mechanism

Redesign; concept

By pushing a pin between the snapfit
and the housing in the outer left corner,
it will be unlocked. Afterwards, the pink
housing can be pulled firmly to remove
it.

This mechanism was chosen because
it prevents consumers from opening the
product. They would not know that a pin is
needed, let alone where exactly to position
it. Only professional refurbishers with a
guide and the tool in the right shape can
open the product.

Also, this locking system requires
minimal design changes. The snap fits
from the current design are adjusted so
that the mould only needs to be feared
and not completely replaced. The precise
adjustments and their cost could be
investigated in further development.

Lastly, the snap fits are still hidden,
which means that this solution requires no
external aesthetic changes.

A simplified version of the mechanism
is shown in fig. 5.3.2. The purple pin is
pushed between the snap joint and the
housing to unlock it. This will allow for
removing the pink housing by pulling firmly.
All disassembly steps are discussed in the
next chapter.
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Disassembly sequence

As described before, the housing
can be opened by the the use of a pin. The
shape of the pin is shown in fig. 5.3.3. This
shape was formed by shaping iron wire, an
it did the job. Also, a thick needle can be

Figure 5.3.3; pin shape

angle. The steps that need to be taken to
disassemble and reassemble the product
are described and shown below.

d To visualise the difference in steps
and hotspots, a disassembly map for the

used, however, that requires more precision initial steps was created (fig. 5.3.5).
since it does not have the optimized

Dis

78 Figure 5.3.4; Disassembly sequence

assembly

. Place pin inside airhole (between the white and pink

housing) on top of the assembly, on the outer left
corner (fig 5.3.4A). The pin is guided between the
snap fit and the housing by the trensh (circled in red,
fig. 5.3.2 p. 77). Tool needed: pin.

Push the pin, the snapfit will be opened. Tool needed:
pin.

Pull with force, this will open de snapfits with
rounded corners. Tool needed: none (hands,).

Remove the pink housing and plastic ring Tool
needed: none (hands).

Place a liver (screwdriver for example) on the inside
between the handle housing and the white interface
housing. Tool needed: Screwdriver or other liver.

Push liver, this will open the snap fits. Tool needed:
Screwdriver or other liver.

Remove white interface housing. Tool needed: none
(hands,).

| Reassembly
. Place the white interface housing in the right

position on the handle housing. Tool needed: none
(hands,).

Push snap fits in locked position. Tool needed: none
(hands,).

Place pink housing in the right position. Tool needed:
none (hands).

Push snap fits in locked position. Tool needed: none
(hands,).

Complete assembly

Figure 5.3.5.A; Current
disassembly map

O]~

Complete assembly

Figure 5.3.5.B; Redesign
disassembly map

Disassembly and reassembly tests

To test the disassembly sequence
shown above and spot differences in
disassembly time and tools needed, a test was
done. With this test, hotspots could be added
to the disassembly map to provide a fairer
comparison between the two sequences.

Method
By combining 3D printed prototypes of

the redesigned housing with current internal
Lumea parts, the disassembly and reassembly
sequence could be tested on the following:

Time it takes to perform actions

Tools needed

Force needed

Results
As can be seen, the steps needed to
open the product have not been reduced.

However, the hotspots indicated have been
reduced from ten to one. No parts were
damaged or broken in the process, which is a
big difference compared to the current product
with all three housing parts broken.

The pink housing, ring and white
interface housing were removed within 28
seconds, which is 181 seconds shorter than the
current design. This is due to the removal of
the glue and the reduced tool positioning time.

Positioning the pin was doable.

However, applying force to that small pin was
not comfortable. This should be looked into.
Therefore, a force indicator was added to the
map.

Reassembly could be done in around 10
seconds. Since the current product could not
be reassembled due to a broken snap joint,
this can not be compared.
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Redesign

Adjustments per part

Now that the disassembly sequence is known,
the adaptations necessary to realize must

be considered. The following nine design
adjustments are needed for this concept to
work successfully.

Three of triple snapfits white housing (fig.

5.3.6A):

1. Remove glue: No more heat gun needed,
reduces disassembly time.

2. Smaller width of pins: Reduce stiffness to
be able to open the product with force.
Current width = 2mm. New width = 1.5mm
(fig. 5.3.6).

3. Remove middle pin: Removes snap fits
pointing inwards.

4. Round corners of snapfits: Allow for
disassembly by hand (fig. 5.3.6A; green
circle). Only outer right snap joint (fig.
5.3.6B; orange circle) remains sharp.

This is the locked snap joint that can only
be opened with the pin. The outer right
snap joint is chosen because this location
makes positioning the pin easier. Also, it is
impossible to touch the PCB with the pin
from this position, avoiding unintended

damage.

5. Remove snap joint support on right side (fig.
5.3.6A; yellow circle). This is needed to
position the pin.

6. Round corners of the double snap joints
handle attachment. This makes the snapjoint
reversible with less force and without
damage. The optimal radius has not been
determined and should be explored in
further development.

Pink housing (fig. 5.3.7.A)

7. Add ‘bridges’ over the snap joint to prevent
snap joint from sliding out of position
upwards under pressure.

8. Add trensh rim to guide pin into right
position.

Handle housing (fig. 5.3.8.A)

9. Round concerns double snap fit holes. This
creates reversible snapfits that easily can be
opened with a liver in the right position.

Figure 5.3.7.A; Current pink housing’ A

igure 5.3.7.B; Redesign pink housing

Figure 5.3.8.A; Current handle housing

3

Round the inside of these snap hooks




Attachment:
Original part

CHAPTER 5.4

RTP: Drop safety

Once the disassembly sequence
was proven to work successfully, the drop
safety should be tested..

Method

In chapter 4, the test setup and
outcomes of the current Lumea are described.
During this test, a similar method was used.
However, to test the redesign, a 3D printed
prototype was created. The prototype used for
the drop test can be seenin figure 5.4.1. The
housing parts were assembled, and the weight
of the Lumea was approximated by adding the
capacitor and weights.

Pink housing: original
part combined with
3D printed part (see
fig. 5.4.2)

Results
The Lumea should be able to withstand 12
drops from p96 eye height without breaking

The prototype meets this
requirement. The internal components are
accessible after 13 drops, which surpasses
the requirement of 12 (fig. 5.4.3). The housing
started to show cracks in eight drops, similar to
the current design. After 18 drops, the product
was opened because the snap fits broke (fig.
5.4.4).

From this test, it can be concluded that
this redesign meets the beforementioned
safety requirements.

Ring: Original part

White buttons
assembly housing:
3D printed part

White handle housing:
Original part adjusted,
corners filed

Figure 5.4.1; Prototype droptest

Figure 5.4.2; Prototype after droptest
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CHAPTER 5.5

RTP: Economic and environmental cost

By the means of an eco audit (Granta
Edupack, 2019), the economic and ecological
cost of the current design and the redesign
have been compared. Both designs were
compared on a specific scenario.

Environmental value

In this comparison, it is assumed that
consumers own a Lumea for about six years
(personal communication Philips), and the
Lumea is refurbished two times before it
goes to scrap.

Since the outer housing parts were
redesigned, their weight changed. Therefore,
these were also compared (table 5.5.1).

The weight used for these calculations was
retrieved from the Solidworks model.

As can be seen from the table, the
current Lumea compared to one redesign,
is only slightly lower. The real profit is
achieved by using the same product three
times, instead of three new ones. Cutting the
environmental cost in three.

Financial value

Also, the estimated labour costs for
disassembly and reassembly of the current
Lumea and redesign were established and
compared (table 5.5.2). To do so, this scenario
was created:
A professional refurbisher has to replace the
battery and silver ring to make the Lumea
Prestige ready for its next owner.

This scenario takes the refurbisher
509 seconds to reach the battery and take
it out and 389 seconds to reassemble it
(hotspot excel sheet). Considering the Lumea
is refurbished locally, the hourly wage is
estimated at 32,30 euros (Eurostat, 2021).
Which is combined a total of 8,06 euros labour
Costs

For the current Lumea, it has to be
taken into account that the three outer
housing parts have to be replaced as well,
adding extra material costs (hotspot excel
sheet). Altogether, this would cost 8,14 euros.

The redesign allows the refurbisher to
reach and replace the battery in 328 seconds
and reassemble it in 310 seconds (timed
test, chapter 5.3). No new housing parts are
needed except for the ring, adding up to 5,72
euros.

As can be seenin the table 5.5.2. The
redesign design cuts labour costs and material
costs by 2,42 euros per unit.

Current Redesign

Weight Impact | Weight Impact

(kg) MJ) | (kg) (MJ)
Pink housing 0.03 3.2 0.034 3.63
White 0.027 3.8 0.023 3.25
housing
Ring 0.0033 0.35 0.0021 0.23
Total 0.066 7.35 0.059 711

Table 5.5.1; Environmental impact materials

Current Redesign
Time Cost Time Cost
(s) © (s) €
Disassembly | 509 4,57 328 2,94
Reassembly | 389 3,49 310 2,78
Amount | Cost Amount Cost
(n) © (n) ©
Replacement |4 0,076 1 0,003
parts
Total 8,14 5,72

Table 5.5.2; Costs labor

CHAPTER 5.6

RTP: Considerations and evaluation

The proposed redesign is a first
exploration of the problems involved in
refurbishing and how those can be addressed.
This design allows Philips to optimise the
current reprocessing process and take the first
step into

Consumer acceptance

The changes made to the design are
based on consumer acceptance studies
conducted during this project. Based on
that, it is assumed that this redesign is more
desirable. However, the sample sizes of these
studies were small. So doing a significant scale
test with a bigger sample is needed in order to
verify this increased acceptance.

Disassembly sequence

The radii of the snap joints used in this
design are not optimised. Since optimising
radii can be up to a tenth millimetre precise,
this was not doable in the time scope of the
project. 3D printing and drop testing every
variations would simply take to much time.
However, optimising this is the key to success
for this redesign. The optimal balance between
consumer safety and still being able to pull the
snap joint out of position should be found.

The pin should be optimised. For the
prototype, a piece of 1 mm iron wire was
used to shape the pin. Now, the pin's shape is
known. However, applying force to iron wire
is not pleasant. Therefore, the ergonomics
and precise form of this pin should be further
developed.

Drop test

3D printed PLA is not the same as the
injection moulded PC the Lumea is made of.
3D printed prototypes are considerably more
fragile. For the drop test, this was allowed
because if the prototype survives the drop test,
so should the real product. However, for the
disassembly, this works the other way around.
Pulling the snap joints out of fixed position is
easier with 3D printed models because these
are less stiff. Therefore, these redesigns should

be tested with similar housing as the ‘real’
design.

Environmental and economic cost
The cost and environmental impact estimation
made in the previous chapter is rough. Many
assumptions had to be made, making the
outcome not precise enough to base design
decisions on. Therefore, this should be redone
with more precise information to judge the
redesign’s actual refurbishment viability.

Also, the cost of the mould changes has
not been evaluated. Which would make the

redesign more expensive than presented here.



CHAPTER 5.7

Design for the future; concept
recommendations for the new Lumea

The repair the past concept works as a short term solution for opening the product.
However, a design that is fully refurbishable goes beyond that. Consumers should not
only accept the refurbished product. They need to desire it as a replacement for the
new product. Also, the structure and reachability of all internal components must be
optimized to make refurbishment a viable strategy, not just the opening procedure. This
concept shows what a fully refurbished Lumea could look like and explores more radical
design changes. The main objective of this redesign is: inspiring Philips designers

on how to create refurbushibility concepts. Since this redesign is mainly illustrative,
renders and drawings are used to explain the idea. Firstly, the design parameters
identified in chapter 4.4 are applied to the product. Secondly, a new concept for
opening and disassembly is proposed. The main design challenges to solve these
problems are discussed by means of concept ideas and recommendations.

Exploring design parameters

To be able to apply the parameters
is must first be established how these
parameters can be expressed in a design,
specifically the Lumea. A brainstorm with
design students and a discussion session
with potential Second Life consumers
were done to achieve this. Based on this,
recommendations for the refurbished
design are proposed.

Method

In a creative session with
design students, options for applying the
design parameters to the Lumea were
explored. The design students were given
roles to examine design directions (e.g.
Philips designer, new consumer and Second
Life consumer). Through inspirational
pictures and drawing, the meaning of each
of the parameters was established. The
result of these brainstorms is summarized
in appendix L.

Based on this brainstorm, aesthetic
concepts were created in the shape of
design drawings. These exploratory sketches
were evaluated with three potential second
life consumers. During the session, the
redesign was adjusted until a shape was
reached that balances hygiene, luxury and
durability.

Outcomes discussion
Subjectivity

The design styles and expression
evoked discussion between the design
students and the potential consumers. This
highlights that design styles and perceived
characteristics are highly subjective.
However, as supported by the survey,
some aesthetics features can be applied
like shades of white, rounded corners, low
complexity and robust design styles.

The fine line between simple and timeless,
and boring

During the discussion, it was
mentioned that, on the one hand,
consumers prefer a simple, white design
for contamination concerns. On the
other hand, they desire luxury. However,
creating a design that fully expressed
hygiene requires a simple design, was
sometimes perceived as boring. This forms a
contradiction with the expression of luxury,
which often includes some variety in colours
and textures. Trying to achieve this let to
personal preference discussions.

~.  Current Lumea

REDESIGN

Figure 5.7.1; Lumea redesign

Preferred design

The result of the create session can
be seen in figure 5.7.1. As suggested in the
repair the past redesign, the association with
metal has been removed and replaced with
a pink highlight colour. The shape of the ring’
forms the central point of interest. Instead of
grabbing attention by the shiny material, it now
sparks interest because of the shape detailing.
Avoiding negative associations but keeping the
expression of luxury.

According to the consumers, the
redesign makes the Lumea more flat and
double rounded instead of organic, expressing
durability and timelessness. Since the aim was
to make the Lumea an archetype, the main
shape was kept. However, this more rounded
design makes it move away from the archetype

hairdryer shape a bit more.

Also, the five lights have been
replaced with one light strap that indicates
the light levels. Making the product look more
simplistic.

Based on these suggestions, is it advised
to take the next step in the redesign process.
This idea could be surface modelled to give a
more realistic look than a drawing and test it
again with consumers.



CHAPTER 5.8

DATF: Product architecture

With the aesthetic preference explored, it is time to go beyond the surface of the Lumea. In
chapter 3, the product was taken apart completely and the main struggles were identified.
Now, it is time to explore ways to build it back up. In this part, a new disassembly stategy

for the Lumea is proposed. The conceptualisation process involved mainly physical
conceptualisation activities, like 3D printed prototypes to ‘role play’ different disassembly and
reassembly concepts. By doing so, problems were identified through experience, which made
it easier to understand the complexity of all fasteners and components involved. This process
allowed for quick testing and continues development. By doing so, the following disassembly

strategy was created.

Disassembly strategy; clumping

According to Solomon et al. (1995),
the level of disassembly of refurbishment
goes to module level. During the process,
all critical modules most be inspected and
repaired or upgraded to specific standards.
In this light, the cumpling method was chosen
to redesign the disassembly sequence. By
clumping, critical components are grouped in
subassemblies to make them easier to reach
and remove (Flipsen, 2020). Components
must be ‘clumped’ based on their frequency
of failure and recycling options.

Subassemblies
The created subassemblies are shown

in the yellow circles in figure 5.7.1. The Lumea
already consists of some subassemblies,
like the battery assembly (fig. 5.7.1; A) and
the attachment (fig. 5.7.1; D). However,
most components had to be broken en
removed separately. For the creation of
the subassembilies, the critical components
identified in chapter 3.5 were kept in mind:

Optical protection glass

Lightsource

PCB

Fan

Battery

Capacitor

Disassembly steps

A scemetic overview of the removal
sequence of the subassemblies is shown
in figure 5.7.1. These are the main steps
involved:

1. Open the product (more details in chapter
5.9, Design challenge 1, 2 and 3). This
is done by removing the hidden screws
that now connect the pink housing and
ring to the white buttons housing. This
quick access is beneficial if the housing
needs to be replaced due to prior use
traces, meeting the consumer’s hygiene
requirements.

2. Remove the buttons housing assembly
(more details in chapter 5.9, Design
challenge 4). This can now be slided off,
removing the buttons and housing at
once.

3. Remove the lightsource and optical
glass subassembly (chapter 5.9, Design
challenge 5). Currently soldered to the
PCB. This removes the optical glass en
light source assembly in one step.

4. Remove PCB by unplugging wires (Chapter
5.7; recommendation 1).

5. Remove battery, fan and capasitor
assembly. Because of the shock safety
class 2 needs to be met, the Lumea has
a second isolation housing. This comes
in handy for disassembly, because the
battery, fan and capasitor are situated
in an internal housing that can be taken
out as a whole. Once this is done, these
components can be removed in parallel.

The 6 subassembly are now seperated
and can be replaced as a whole unit or
disassembled futher if desired.

*text continues on page 88

Figure 5.7.1: Simplified disassembly sequence



The new Lumea'’s disassembly map

Complete assembly
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Tools:

Sd = Screwdriver
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Si = Soldering iron

FF = wriction fit
SF = Snap fit
US = Unscrew

Priority parts:
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Functional priority = donker
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11.Housing lightsource cap
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12.Glass

13.Seal 2

14.Metal holder lightsource 2x

15.PCB

16. Lightsource

17. Lightmirror
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New disassembly map
The actions that need to be taken to
execute the disassembly are visualized in a
disassembly map. Details of the design changes
need to execute this concept are discussed in
the next chapter. The product was designed
for parallel sequences. The protective glass
assembly, battery assembly and PCB/lightsource
assembly can be removed and taken apart in
parallel. This enhances the reachability of the
critical components.
Responding to the consumers' fear of
contamination, the all outer housing parts
are at the top of the disassembly map. The
handle housing, which was the last component
to remain in the current design, can now be
____ removed in five actions. Also, the pink can be
90 replaced after the first step without permanent

@

l &

P2
66 9

18.Housing lightsource
internal black

19.Fan

20.5crew 2x

271.Housing handle

22.Capacitor

23.Li-ion battery (2
Rechargeable Li-ion
Battery URT8650W 3.7
1500mAh batteries)

24.Connector charging

25.Pcb pistol button

26. Pistol button

27.Ring backside

28.Inside housing battery
assembly

Steps needed to reach
priority parts
+ Glass:7
Lightsource: 8
Fan: 6
Battery: 5
Capacitor: 5

damage. Making it easier to replace housing
parts to provide an as new product experience.

The battery and capasitor have been
moved to the top of the disassembly and can
now be reached in 5 steps, half of the steps
compared to the 10 steps in the current design.
Since the battery is most prone to failure, this
sequence will enhance reachibility and ease of
repair.

Unfortunately, the disassembly time of the
complete product could not be tested. A product
as detailled and compact as the Lumea requires
complete optimization in order to fit together.
Solving all these challenges is out of the project
scope. Instead, is was chosen to focus on the
opening sequence. Details of the redesign will be
discussed in the following chapter.

14,16,17,18



CHAPTER 5.9

DATF; Design challenges

The following part will guide the reader though the new disassembly
map and highlights the redesign concepts and recommendations. The
design recommendations are numbered in the disassembly map below
(fig. 5.8.1). 'RD" in the red circles indicate problems in the disassembly
for with solutions are explored. The 'R’s in the yellow circles in the map
indicate problems that were not solved in this project and are discussed

as recommendations.

Focus

The aim is to paint a complete picture
of the complexity that comes with redesigning
the Lumea for refurbishment. Consumer
safety, hygiene concerns, component failure
rates, all need to be managed to create a viable
redesign. The last chapter proposed the new
disassembly map. To make all of this possible,
radical design changes need to be made at the
at the start of the disassembly. The idea behind
this disassembly map is explained:

Complete assemb’

Redesign concept;

By removing the ring, the hidden screws
are reveiled. These screws connect the pink
housing and the white buttons housing
and keep the components in place. By
replacing snapfits, clumps of components
are created to optimize the disassembly of
the remaining product.

This strategy was chosen because it
ensures consumer safety while enabling a
faster dis- and reassembly than the current
design. The partial solutions will be further
elaborated in this chapter.

Figure 5.8.1: Disassemblymap indicators

RD1: Removing the ring

Starting with the first step in the new
disassembly map, the removal of the ring.
The ring hides the screws connecting the
white buttons housing and pink housing.
To fully cover the screws, the ring should
become 2 mm wider on the top. Currently,
the ring contains 5 snapfits (fig. 5.8.2),
attaching it from all sides. These should all
be removed, since the ring will be friction
fitted between the white and pink housing.
See fig. 5.8.4 for the precise positioning.
Removing the ring can be one in three ways:

Option 1: Break and replace

The ring is sunken in between the white and
pink housing part, making it hard to reach
and replace. Since the production cost of
the ring is low, it can be chosen to simply
break the ring when opening the product
and replacing it with a new one during
reassembly. Also, the interviews uncovered
that the shiny ring a contamination sentitive
part, meaning that consumers want it in new
condition. Knowing that the ring is prone to
scratch, it is likely that the ring needs to be
replaced anyway.

Option 2: Encreasing flexibility

Breaking components is not desired
from a sustainability perspective. Therefore,
an alternative solution is proposed.
Following up on negative associations
consumers have with the ring regarding
refurbishment, the complete execution of
the ring should be reconsidered.

Philips design guidelines state that
the technology should be highlighted. And
the style guidelines of the Prestige product
line are more or less fixed. Therefore, it
might be more beneficial to look into ways
of producing the ring from a more flexible
plastic or rubberish material, with a shiny
coating. Removing the associations with
metal and easy scratching.

Option 3: Visible fastener

Another option would be to lock the
ring with a removable friction fit. However, this
fit would be visible in the from a splitline. This
could give the consumer cues on how to open
the product, which is not desirable. However,
this option would allow for the ring to keep it's
current material without the need to be broken
to be removed.



Figure 5.8.4: Scemetic scale connector
Figure 5.8.3: Screw positioning and air hole 8
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RD2; Hidden screws
Once the ring is removed, the two hidden snapfits, room was created for the screws.
screws are accessable. A scemetic scaled The screws are located in X direction
section view of the screw and the housing (fig. 5.8.4; fig. 5.8.5) so that they are
parts can be seen in figure 5.8.4. As perpendicular to the most common impact
mentioned before, to fully cover the screws,  positions discovered during the drop test.
the ring width should be enlarged by 2 The screws used in this model are
mm. The snap fit connections are removed  the same ones that are already used in
from the pink housing, and replaced by the current design to connect the internal
screw supports. The three triple snapfits of ~ housing of the battery to the handle , ,
the white buttons housing have also been housing; two mm torg. Figure 58.6: Disassembly
replaced by screw hole supports. Doing so, Reassembly
creates the fasteners shown in fig. 5.8.5. The ) 1. Place the housing parts in the

right position

2. Place the screws

3. Slide the ring over the pink
housing

4. Click ring in position

Q
?Em:n |

reassembly and disassembly sequences are
visualised in figures 5.8.6 and 5.8.7

The hidden screws are located on
either side of the air hole (fig. 5.8.3). In
this way the airflow of the product is not
disrupted. The airhole was the preferred
location because these are the only holes
in the outer housing that large enough to
position a screwdriver (fig. 5.8.4). Also, the
Lumea is a compact product, meaning that
the space to position screws is limited. The
snapfits of the current design are located
underneath the airhole. By removing these

_\\

e |[—
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Figure 5.8.7: Reassembly ' —_—_—

Figure 5.8.5: Connection housing



RD4; Sliding the buttons housing assembly

Once the screws and pink housing have
been removed, the white buttons housing
can be slided off. The current double
snapfits of the handle housing and white
buttons housing have been replaced by

a slider. The slider connects the housing
parts in the same direction as the current
snapfits. The slider is kept in place by the
screws, removing the need for snapfits.
Figure 5.8.8 shows the location and the idea
behind the slider.

RD5: Trimming the housing fixings

I

Figure 5.8.9: Triming fixings

Figure 5.8.8: Sliding housing

-

Now that the housing is removed,
the ease of disassembly can be enhanced
by trimming snapfits. The first fit in the
disassembly map that needs to be adjusted is
the one connecting the white handle housing
to the lightsource housing in the z direction (fig.
5.8.9).

The lightsource housing (and assembly)
are already fixed to the PCB (soldered), which is
fixed to the internal housing (friction fits), which
is fixed to the white handle housing (screws).
Making the z direction friction fit unnecessary.
Also the lightsource housing is friction fitted
inside the pink housing, making it impossible to
move it some positioned (fig. 5.8.9).

By removing the z direction friction
fit, the lightsource housing can be removed
parallel to the battery assembly. This increases
the reachability and disassembly speed.

CHAPTER 5.10

DATF: Recommendations

It was simply not possible in the
timeframe of this project to solve all
refurbishability problems. However, to provide
a complete overview of the problems that
occur when executing this redesign, the
following recommendations should be looked
into:

Recommendation 1: unplug instead of cut
In the current design, five wires have
to be cut in order to remove the PCB. This is
unefficient for reassembly, since these wires
would have to be replaced and resoldered. To
remove this task, the use of plugs should be
explored. There is room for plugs on the PCB
as well as above the PCB. The fan is already
connected by a plug (fig. 5.8.10). However,
plugs add addition costs to the redesign that
should be considered. The exploration of plugs
was out of the scope of this project, however,
looking into this is vital fast reassembly.

Recommendation 2: Soldering needed?

The light assembly is currently soldered
onto the PCB. Removing this fixing takes time
and high temperaturs, which is not desired.
Therefore other options to connect the
lightsource to the PCB should be explored. This
can be done by plugs aswell, however, these
would need to the specifically designed for
this product. Since this was out of the scope of
this project, it is recommended to explore this
further.

Recommendation 3: Fixing the fan

The fan is current attached via two tubes
that are heated and melted to keep the fan in
position (fig. 5.8.11). By applying force below
the fan, the fan can be tilted out of position.
This is fine for disassembly. However, due to
the melded state of the tubes, the fan can not
be repositioned again.

Considering the disassembly and the
friction fit that keeps the fan in place. Heating
to secure this is not needed. The fan is already
fixed in position by the friction fits of the tubes.
Therefore the heating action should be taken
out of the assembly process.

It can also be considered to use the
tubes as screw holes. These can be used to
keep the fan in position and attach the PCB
to the handle housing. However, this would
require to screw though the PCB. Since the
PCB was not investigated in this study, this
option was not explored further. However,
it can be an interesting option to connect
three components with two excisting screws,
lowering the amount of actions needed to
reach the fan.

Other Recommendations

Integrating the aesthetic and
refurbishability redesign.

The main limitation of this redesign is
that the aesthetic redesign and refurbishability
redesign are current not integrated. The
refurbishability enhancements are created with




the current Lumea as starting point, not the
aesthetic redesign. Due to Covid-19 restriction,
the time to access the needed software was
limited. Therefore a working model could

not be finished. Now, it is assumed that the
solutions proposed will work with the Lumea
redesign as well, but this could not be tested.
It is therefore recommended to explore if

and how the aesthetic changes influence the
disassembly sequence redesign.

Crash impact test

A crash impact test was not conducted.
As mentioned before, a complete working
model could not be created and therefore
not all parts needed for the test could be
3D printed. Also, since this redesign is still in
a conceptual phase, droptesting would be
premature. Further development on the exact
measurement of the fixings in needed in order
for a droptest to be relevant.

Economical en environmental impact

Also because of the inspirational
purpose and conceptual state of the redesign
the added financial costs and environmental
impact was not calculated. Up to this point
the focus had been to design a fast and safe
disassembly and reassembly sequence. Future
development should focus evaluating this
impact.

CHAPTER 5.11

Evaluation of the redesign

The redesign is compared to the current design in terms of consumer acceptance and
refurishability. This evaluation is done on the basis of the five problems to be solved

listed in chapter 5.1.

1. Opening the product

This was the main objective of the
product architecture redesign phase. Multiple
ideas were tested, which let to this design.
This design allows for fast disassembly
and reassembly of the initial steps without
damaging or broken any housing parts.

However, it should be mentioned that
the precize Philips (safety) requirements were
unknown. Therefore, this design might not
fully comply with the Philips standards. The
redesign approach used in this study could
serve as for inspiration to Philips designers,
to recreate (parts of) the study in line with the
precise requiremenst.

2. Battery and capacitor depth

The battery and capacitor depth
is reduced from ten to five steps. It can
be concluded that the redesign positively
influence the reachability of these critical
components. Also, these five steps are faster
and easier to perform than the actions needed
for the current design.

However, there is still room for
improvement. Options were explored for
opening the product from the button up, for
example. In theory, the battery would then be
reachable in just two steps. In terms of parts
harvesting and the replacment of frequent
failure parts, it might be worth it to look into
this option.

3. Fear of contamination

The exploratory redesigns focussed
on reducing the fear of contamination. The
current Lumea is already associated with
hygiene. The goal was to maintain and expend
this in the redesign. Discussing the redesign
with consumer pointed out that the hygiene

was indeed maintained. However, consumers
did not agree on if is what really more hygienic
than the current design.

Fear of contamination was also taken

into account in the redesign for refurbishability.

The housing parts were surfaced to the top of
the disassembly to ensure fast removal and
replacement. Therefore, it can be concluded
that the redesign addressed this concerns
from multiple angles.

4. Financial & performance risk:

Whether the perceived financial risk and
performace risk are reduced can not yet be
said from this tudy. The insights found during
the research, that should positively influence
the perceived financial and performance risk
were incorporated in the three concept design.

However, the redesign should be
further developed into realistic renders and
prototypes, and A/B tested with consumers on
a large scale. For now, this problem is marked
as unsolved.

5. Refurbishment fuss:

Refubishment confusion is mainly a
societal phenomenon. Since the creation
of negative associations is minimized, it can
be stated that the design will probably not
aggravate this confusion. However, whether it
makes consumer understand the concept of
refurbishment better or spreads awareness is
questionable. Also, it can not be said whether
it has more or less influence on refurbishment
fuss than the current design.Therefore, this
problem was marked as unsolved.

As concluded in chapter 4.3, it can
be discussed whether product aesthetics
has any influence on the understanding of
refurbishment and the acknowledgement in
soiety. This dilemma should be validated in
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CHAPTER 6.1

For most designers, designing with
the consumer needs in mind sounds
natural. However, design for refurbishment
is a relatively new discipline. Designers and
design researchers are still in an exploratory
phase (internal communication Philips, 2020).
When and how to implement refurbishment
problems is unknown. Therefore, the consumer
perspective in refurbishment is not a common
practice yet.

The desirability of refurbished products,
in general, is low (Mugge et al., 2017). Creating
a perfectly functioning product is essential, but
if nobody wants to buy it in the first place, that
effort might be wasted. To make consumers
consider refurbished products, the focus most
lay on fulfilling the needs and addressing the
concerns of the person that is going to buy it;
the consumer.

Often, like with the Lumea, the product
to be refurbished has already been successfully
implemented on the market. It has proven its
desirability and profitability. Therefore, the

A consumer-centred approach to
refurbished product design

focus of the design for refurbishment process
lies in technical challenges like viable repairing
and cleaning. However, consumer desirability
in the first lifecycle (new) does not guarantee
success in later cycles. The interviews
suggested that consumers in later lifecycles
have different concerns and incentives when
buying a product, which is not taken into
account in a linear design process. Involving
consumer from different lifecycles is especially
interesting in the business to customer
market, where the demand is created by needs
and desires (Wewer et al., 2020). Therefore,
technical feasibility and consumer desirability
are equally important for refurbishment
success and should be equally addressed in
the redesign process.

CHAPTER 6.2

Design skills to incorporate refurbishment

Design for refurbishment is not a quick fix or stand-alone strategy. It is a mindset best
developed through experience and cooperation with other designers. Every product and
context is unique. There are no guidelines or rules to follow, which apply in every situation.
Circular design should be more than weighing pros and cons or evaluating which strategy
suits a product best. It should be a mindset that encourages new ways of exploring
opportunities and solving problems. Therefore, the insights obtained during this project
are combined into designer skills, which can be developed and trained by experience.

1
Consumer empathy
/ sensitivity

2
Product lifetime
management

3
Ecosystem thinking

The skill of consumer empathy refers to the ability to understand
your consumer, which is crucial to increase the acceptance of
refurbished products (Bakker and Mugge, 2021). This way of
thinking is known to most designers and could make refurbishment
more accessible. However, different lifecycles have different target
consumers that all want a satisfactory product that fits their needs.
Designers should look beyond the first consumer and consider
consumers needs and desires from multiple cycles in their design
process (van Weelden et al., 2016). Designers should understand
the consumer’s expectations and perception of value and manage
those over time (Moreno et al., 2016).

Regulations or technological developments in later product
lifecycles may demand design changes. Instead of delivering a
static product design, designs should be timeless with room for
upgradability. This adds extra complexity to design decisions since
they can impact different points in time. Therefore, designers
should have the ability and anticipate how the product will evolve
over multiple lifecycles (Moreno et al., 2016; Sumter et al., 2018).
This ability does not only require consumer and context empathy,
as mentioned in the first skill. It also requires technical insight in
component wear and tear and how to create a durable product for
multiple lifetimes.

Ecosystem thinking is a key skill for designers to implement
refurbishment in their design process (Breuer et al., 2018). As
mentioned before, refurbishment is not a separate activity. It
involves multiple target consumers, stakeholders and service
models that should all be understood. As design is rarely an
individual practice, designers are used to working with various
stakeholders on one project. However, refurbishment requires
focusing on product design while keeping the complete circular
business model in mind (Sumter et al., 2018). The company and
consumers have now shared ownership of the product. Therefore,
designers should be able to facilitate collaboration between internal
and external stakeholders who play a role in the operationalising
refurbishment (Sumter et al., 2018).



CHAPTER 6.3

designers

Tool?

Philips designers and design students
asked expressed a need for guidance and
practical tools to implement refurbishment in
their work. Designers often do not know where
to start with refurbishment and what aspects
should be considered. Designers need reliable
tools that make them aware of refurbishment
benefits and pitfalls in a practical way (Bakker
and Mugge, 2021). Existing tools or methods
for circular design either have a too broad
perspective or do not fit the purpose of their
process due to a linear perspective (Bakker
and Mugge, 2021). There are no visual tools
that create an overview of the product lifecycle
and capture from multiple use cycles (Nuf3holz,
2018). Therefore, the insights obtained during
the literature reviews, interviews and survey are
combined into a tool that fills this gap.

Criteria

To be of value to designers and support
them in incorporating refurbishment into
their design process, the tool should meet the
following criteria (based on literature reviews,
interviews and the survey).

Discover Define

Developing a refurbishment tool for

Involve consumer refurbishment concerns
in an early phase of the (re)design process
Create an understanding of their product in
the context of refurbishment

Relate consumer refurbishment concerns to
product aesthetics in an orderly manner

Evaluate the influence of their design
choices on the consumer acceptance of the
product over time

Develop the before mentioned design skills
in a hands-on and visual way

Location in the design process

Considering the double diamond design
process, the tool should be used at the turning
point between the Discover and the Define
phase (figure 4.2.1, red dot). By organising
consumer insights uncovered in the fuzzy
front end, product-specific design challenges
can be defined. These challenges, however,
might identify missing knowledge, which forces
designers to go back to the Discover phase.

Develop Deliver

Figure 4.2.1; Tool in the design process

Research
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Figure 4.2.2; Position tool inside Philips
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Research through design

The tool was developed with build-
measure-learn loops. The first draft, based on
the Business model canvas, was evaluated,
adjusted and tested multiple times which
resulted in this design. Design students and
Philips designers used the tool both online via
Miro and on paper, to test understandability,
valuable outcome and visual elements. The
arguments for the visual elements used can be
found in appendix M.

The final design was evaluated with
Philips designers and experts in refurbishment
and tool design (chapter 4.6).

Philips fit

Philips designers are still finding out
how and when to implement refurbishment
in their design process. Designers indicated
not to know where to start and what research
questions to ask to consider refurbishment.
The canvas and the list of questions provided
are created to kick start the circular mindset
of the designers. Different parts of the canvas
may be more or less relevant for specific
designers (fig. 4.2.2). For example, research
designers can benefits most from the list of
questions provided with the tool and the initial
purple steps. Where as product designers may
benefit more from the brainstorming part in
the green canvas.

Building on this, the tool can also be
used as a summary canvas for all project team
members involved. Insights and design ideas
can be added to the canvas during the project
to create a visual overview of all findings.

Currently, the tool is being tested at
Philips in the shape of a design workshop. The
outcomes of which will be evaluated in future
research. Also, the tool will be presented to
designers from different departments and
uploaded to the tools portal for immediate use.



CHAPTER 6.4 | TOOL PROPOSAL

refurbishment

This tool was created with the
philosophy that the consumer and their
associations are essential for successful
refurbishment, in contrast to current circular
design tools, focusing mainly on either
detailed technical aspects or high-level circular
understanding (fig. 6.4.1). The tool puts the
designer in the consumers’ shoes in the
first, second and third product lifecycle to
understand their different buying incentives
and associations.

The consumers are influenced by
societal developments on the meta-level
(outer ring), their purchase habits on the
macro-level (middle ring) and the product
aesthetics they see on a micro-level. The
designer goes gradually from societal level to
product aesthetics level to create a complete
understanding of the refurbished product
context.

Consumer centered design for

All three experience levels influence the
way consumers perceive product features and
judge quality and financial value. In this tool,
the acceptance of the refurbished product
judged by how consumers experience the
three main hurdles; refurbishment fuss, value
for money and fear of contamination. These
hurdles can be encountered in any ring and
can influence any product feature. All these
experiences and product features are carefully
considered and structured in this tool.

What skills, as discussed in chapter 6.2
are adressed in the tool can be seen in fig.
6.4.2 on the next page.

REFURBISHMENT
FUSS

PRODUCT FEATURES

FEAR OF
CONTAMINATION

VALUE FOR
MONEY

Figure 6.4.1; Tool philosphy

Tool design

The tool consists of two
canvasses, and a list of questions
designers can ask themselves during
each step.

1. The purple canvas; supports
problem and consumer
understanding. This canvas guides
designers through data structuring
activities and encourages designers
to make a visual overview.

2. The green canvas; takes this
overview to the next level by
supporting the creation of relations.
Mappingmapping and drawing
tasks support creative thinking and
hands-on experience with design for
refurbishment by visualising design
opportunities.

Once the tool is completed, the

designer should have a visual overview

of the relations between aesthetic
features and consumer concerns and
first design opportunities. Based on this
exploration, designers can judge the

‘refurbishment fitness’ of their product

and identify design challenges to

increase acceptance.

INPUT
+ Knowlegde of the product
you want to redesign for
refurbishment
Consumer insights (surveys,
interviews, feedback, ect.)

ou

TPUT

Understanding about consumer
concerns in relation to refurbishment
and your product

Design opportunities for improved
consumer acceptance in different
lifetimes

Design challenges for the next phase



figure 6.4.2: Tool with skills addressed in each
activity box

6. MINDMAP

CO N S U M E R C E N TR E D D E S I G N F O R R E F U R B I S H M E NT Create relations between the lifecycle, consumer purchase behaviour, consumer insights and product features by Example relation:

drawing a line between them. Try to keep this in mind when drawing lines: In lifecycle (2), while (searching), the consumer thinks (the product should loo
In lifecycle (add lifecycle), while (add consumer action), the consumer thinks/needs/demands/values (add medical products) which is mainly experienced via (the colour white and smo
1. COMPANY consumer principles) which is mainly experienced via (add aesthetic experience/interaction feature) finishing)

& SOCIETY

Add trends, developments  pRODUCT GOALS 7. RELATIONS & OPPORTUNITIES

and lIJP$°m'"h9 rules Iand Evaluate the relations created in box 6; mindmap and transform those into product design

regu at'O(;'S tt at apply to / opportunities. Fill the relation in the box with the lifecycle and refurbishment issue it relates to.

z‘i)flfle[rz:z Ii‘;ecc;c‘::; - COMPANY REGULATIONS 3 N Then, envision what your product would look like considering these relations. Create design
opportunities by sketching, writing, collaging or whatever works.

Example: Are there any EU COMPANY DEVELOPMENTS

- ' REFURBISHMENT FUSS VALUE FOR MONEY FEAR OF CONTAMINATION
innovations are currently SOCIETAL TRENDS

being developed at Philips?

2. PRODUCT LIFE LIFECYCLET™e— = LUFECYCLE2 ———— = LIFECYCLE 3+

cycles & consumers NEW REFURBISHED REFURBISHED

Add info about the

consumer groups

targeted in each ;
—
¥
O
w
=
—

URNEY BEFORE NEED SEARCHI

3.PRODUCT CHARACTERISTICS 4. CONSUMER

Add product characteristics that describe PRINCIPLES

the product’s personality mentioned by

consumers here.

Example: Male, Female, elegant, ect
o
w
—
¥
O
w
5
—

Add a picture of your
product here

N

o0
w
o
=
i
[
Add product features that are valued by the Add consumers insights that relate to the Add consumers insights that relate to the Add consumers insights that relate to —
consumer here confusion about the meaning and terms fear of reduced performance and increased rsion to previous users or hygiene
Example: ‘Easy to clean and conditions of refurbishment here financial risk concerns here
PRODUCT VALUES REFURBISHMENT FUSS VALUE FOR MONEY FEAR OF CONTAMINATION
5. AESTHETIC  Add product features that can be seen from a picture by the consumer here. Make the
N feature green if it is c 0 0 d red if it is considered
EXPERIENCE . ..o reclfiee o ations to product values or charactertistics
8. CONTAMINATION SENSITIVE PARTS 9. DESIGN CHALLENGES
Create of list of parts or components that are perceived by consumers as hurdles & questions
sensitive to contamination and hygiene concerns. . 3
Evaluate the design opportunties
Level 2: Replace this part Level 1: Restore this part to as new ideated in step 7. Highlight redesign
Consumer demands this part to be new  condition options you want to explore further
in every new product life cycle. Consumer demands an as new part with and create actionable design
Example: The brush of a hairbrush no traces of prior use. challenges accordingly. Try to
Example: Buttons with main functionality o .g . EJz 1wy
TIMELESS prioritise your design challenges
based on the lifecycle they apply to.
COLOUR TEXTURE SIMPLICITY DESIGN A design feature change in lifecycle
STYLES 3 may be less urgent for

refurbishment success than a
challenge in lifecycle 1.

Example relation: The colour white and
smooth surface finishing are preferred,
because those contribute to the
consumer’s perception of cleanness
during the search phase.

v

Example design challenge: Explore the
dark on/off switch with light coloured
design options

Level 0: This part should be functional = all remaining parts
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CHAPTER 6.5

Tool in depth

Each canvas consists of multiple boxes with
activities (fig. 6.5.1). These activity boxes are
presented in order of use, and their goal,
theory and outcome are discussed.

Each box is based on a different skill and
serves a different purpose, ranging from
evaluation to generation. To help users fill
the boxes and generate valuable outcomes,
a guide with questions to ask is provided
with the tool. This guide can be found in
appendix N.

To clarify the execution of the
activity, a Lumea case is provided. The
guide, the tool and the Lumea case are
placed in a Miro board, scan the QR code
to go to the online version.

CONSUMER CENTRED DESIGN FOR REFURBISHMENT

Scan this QR code to access the
tool on Miro!

=0
IF

See both a completed and
the empty canvas

Y

Figure 6.5.2; Company & society

1. COMPANY
& SOCIETY

S '_ " 5 PRODUCT GOALS E E
- COMPANY REGumﬂoNE E

regulations
your product over
different lifecycles

Example: Are there any EU
regulations coming up?

COMPANY DEVELOPMENTS

or
e

SOCIETAL TRENDS E e

1. Company & Society

Company & Society is an explorative
exercise. This box is inspired by the
roadmapping method (Simonse, 2017). Itis
based on the notion that refurbishment is
an ecosystem strategy. Doing this exercise
trains a designer’s understanding of
ecosystems in order to make considered
design decisions. Besides desiging a product
that is desirable and viable, refurbishment
involves the time pacing of technological
innovations and the stakeholders
involved. Structuring those factors helps
designers structure the complexity of such
refurbishment ecosystems.

The exercise, as shown in figure 6.5.2,
together with the questions (appendix M),
guides the designer in mapping the factors
over different lifecycles. As can be seen in
figure 6.5.2, finding factors for later lifecycles

2. Product Life

Product Life aims to shift from the
ecosystem view, to a consumer centred
perspective by framing a consumer for each
lifecycle. Creating a persona helps designers
to empathise, and think about the impact
of their design on the different consumers
involved. By empathising in an early phase,
the designer can keep these persona’s in
mind during the rest of the tool. What would
this consumer think?, which is at the core of
consumer centred design.

The box (figure 6.5.3) guides the
designer through shaping persona by
drawing, listing demographic facts, stating
product related values and identifying
buying incentives.
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7. RELATIONS & OPPORTUNITIES.

might be more difficult than for the first one.
This indicates uncertainties in future cycles
which can than be evaluated and further
explored if desired.

The outcome of this box is a visual
overview of the time pacing strategies and
contextual factors and how those apply on
the product (fig. 6.5.2).
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Figure 6.5.4; Product charactertistics

3. PRODUCT CHARACTERISTICS 4. CONSUMER

PRINCIPLES

confirmation

gggg

PRODUCT VALUES = REFURBISHMENT FUSS
3. Product characteristics & values

Product characteristics and values
is a data evaluation exercise based on the
mindmapping. This exercise helps designers to
structure the consumer insights provided from
the perspective of the persona’s framed in box
2. By identifying what product characteristics
are perceived by which persona, a product
perception over time can be shaped. This
helps the designers understand what values to
emphasize and what negative associations to
anticipate on in the redesign.

The box (figure 6.5.4) devides the
insights into characteristics and values.
Characteristics are related to external design
perceptions and personality threats, both
positive and negative. The values box contains
all positive associations consumers have
with the product. This might also include
specific functional features or brand values for
example.

5. AESTHETIC
EXPERIENCE

Sodial

Figure 6.5.5; Consumer principles

I
= s el
time thing

VALUE FOR MONEY FEAR OF CONTAMINATION
4. Consumer principles

Consumer principles is a data
structuring exercise. This box based on the
consumer hurdles identified in chapter 2.5.
It is based on the idea that all refurbishment
related consumer concerns are related to
these overarching problems. Doing this
exercise ‘forces' the designer to interpret
the data from a persona perspective and
categorize it based on consumer’s concerns.
Doing this creates empathy for the nature
of consumer insights, which increases the
understanding of common hurdles.

The exercise, as shown in figure
6.5.5., together with the questions (appendix
M), guides the designer in clustering the
consumer’s concerns. The outcome of this
box is are clusters, combining insights from
consumers from all lifecycles (fig. 6.5.5).
Depending on the product, some concerns
might contain more clusters than others. This
can be an indication for what concern to focus
on, since it was most dominanty present in the
data.

Simple

TIMELESS
DESIGN
SINI'ES =

Ouniny

Trust

— =
. shape

-~

Figure 6.5.6; Aesthetic experience

5. Aesthetic experience

Aesthetic experience is a mindmapping
exercise used to relate specific product
appearance features to the consumer
concerns. This box is based on the findings
from literature, that suggests that simplicity
and timeless design style have a positive
influence on refurbishment (Wallner et al.,
2020). And the consumer interviews and
survey, that demostrated that colour and
texture influence creation of associations in the
decision making process.

Aesthetic experience is about using
empathy to uncover associations, and their
influence on the consumer desirability. For
example; ‘smooth surface finishing, in the
textures cloud, is associated with medical
products and high ease of cleaning. These
associations come from the consumer need
for personal care products to express hygiene.
Because the associations evoke a positive
attitude towards the refurbished product,

1. PRODUCT LIFE LIFECYCLET
cycles & consumers NEW

Add info about the
consumer groups

CONSUMER ACTIONS
JOURNEY

4. CONSUMER
n PRINCIPLES

= e GG
G cean

PRODUCTVALUES = REFURBISHMENT FUSS
5. AESTHETIC
EXPERIENCE /
INTERACTION

VALUE FOR MONEY

they are coloured green. These insights are all
visualised with arrows, to show the nature of
the relation.

Mindmap is the first exercise on the
green canvas and aims to evaluate and reflect
on insights created on the purple canvas. This
step is about discussing the relations from
the viewpoint of the different persona’s. This
either be done by drawing visual lines between
findings (fig. 6.5.7), or via a group discussion
with for example a ‘role playing’ format: If | were
persona 1, what would | think, feel or do? How
would persona 2 handle this? Where do persona 1
and 3 (dis)agree?

Conclusions can be written down in the
‘relations’ section of step 7. These relations are
used to feed the ideation process.

LFECYCLE2 —= = LFECYCLE 3+
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REFURBISHED
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Figure 6.5.7; Aesthetic experience



Figure 6.5.8; Relations and opportunities

7. RELATIONS & OPPORTUNITIES

Evaluate the relations created in box 6; mindmap and transform those into product design
opportunities. Fill the relation in the box with the lifecycle and refurbishment issue it relates to.
Then, envision what your product would loak like considering these relations. Create design
opportunities by sketching, writing, collaging or whatever works.
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LIFECYCLE 1
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After creating a mindmap and
establishing the first relations, it is time to
brainstorm. This box should kick start the
brainstorming process by applying the before
created relations to the product. Getting ideas
out of the head and onto paper.

The box guides the brainstorming
process by simplifing the the problems and
consumers to one of each. This breaks the
complex problem into smaller sub-problems,
which are easier to understand and solve and
should get the creative process started. The list
of questions provides inspiration about what
to brainstorm on. This varies from consumer
viewpoints, to technical challenges, to give
designers opportunities to explore the whole
ecosystem.
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Doing this exercise helps designers
to understand the needs and principles of
consumers from different life cycles and apply
those to the product. The exercise, as shown in
figure 6.5.8, should inspire designers to work
visually by implementing inspirational pictures
and drawings. The outcome of this box is are
firstideas on how the consumer concerns can
be addressed and potentially solved in this
product.

Figure 6.5.9; Contamination sensitive parts

8. CONTAMINATION SENSITIVE PARTS

Create of list of parts or components that are perceived by consumers as
sensitive to contamination and hygiene concerns.

Level 2: Replace this part Level 1: Restore this part to as new

Figure 6.5.10; Design challenges

9. DESIGN CHALLENGES
hurdles & questions

Evaluate the design opportunties
ideated in step 7. Highlight redesign
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Example design challenge: Explore the
dark on/off switch with light coloured
design options

Contamination sensitive parts is
a concluding and summarizing exercise.

This box is based on the findings from the
consumer research and Mugge et al (2017),
that expresses the need for all contamination
sensitive parts to be known. This box should
also be approached from a consumer
perspective.

Level 2 means that consumer demand
that this specific part is new. Level 1, consumer
demand the product to look as new. And level
0, the component should be functional, but is
not sensitive to contamination concerns.

This exercise aims to summarize the
consumer insights and translate those to
specific component level. The list can than be
taken into account during the creation of the
design challenges.

Design challenges is the last exercise
which summarizes the findings from this tool.
Doing this exercise helps designers prioritise
the ideas and questions created while using
this tool.

In this box, ideas that spark most
interest and the contamination sensitivity of
components should be combined and drawn
into one (or multiple) product concepts. Based
on this, design challenges can be created. This
challenges should inspire either the next step
of the design process, or raise questions that
should be answered by further research or
validation.

Complete tool

Once the tool is completed, designers
must be able to empathize with the interests
of the user and be able to translate this into
design decisions. The tool provides a visual
talking board that evokes discussion between
collegues or departments and provides
inspiration.

By working with this tool, designers
should be a step closer to working from
a circular mindset and developing the
aforementioned skills.

The skill of ‘Consumer empathy’ is most
dominent in this tool. Ecosystem thinking
and product lifetime management are
mainly present in the summarizing exercizes.
However, the tool taps into the development of
these skills by zooming in an out, from society
level to product component level, expressing
the layeredness of refurbishment.

By using this tool with different products
from different categories, the designer can
develop an understanding of the hurdles of the
refurbishment concept and anticipate on this
in all stages of the design process.



CHAPTER 6.6

Evaluation with designers

Creating a tool is only useful if designers are really going to use it. To
create common ground and increase the probability of use, the tool and
the outcome of the Lumea case study were presented and discussed
during several sessions with designers from different departments. Also,
the tool was evaluated with Ruth Mugge, professor of Design for Sustainable
Consumer Behaviour, and Pieter Jan Stappers, Professor of Design Techniques.
Insights gathered during these discussions are evaluated based on

purpose, content and form.

Purpose
Overall, it can be concluded that
the the purpose of the tool is clear to both
Philips designers and experts. Being able
to involve refurbishment early in the design
process is valued by Philips designers, as
it adds to the overall understanding of the
concept.
As Mugge mentioned, the tool
is especially relevant to designers
who have little experience with such a
circular strategies. For more experienced
designers, it can be a way of structuring and
complementing what they already know.
Also, the tool is valued as means
for internal communication. As a designer
mentioned: "t is a nice tool to explain the
importance of considering multiple lifecycles to
other stakeholders (e.g. marketing)’.

Content

Especially the consumer perspective
is appreciated. As designers mentioned: 7 /ike
the consumer horizons in terms of ownership’
and 7t is nice to consider how the same
aesthetics feature can be perceived in different
ways by different users in usecycles’. This
specific consumer centered focus can be
especially relevant for experience designers.
To build on this, a designer mentioned
to integrate a way of ‘comparing different
consumer groups’, to make the consumer
empathise complete.

It is questioned by designers how the
different refurbishment business models
influence the tool and it's outcome. This
would have to be tested and confirmed in
multiple case studies.

As a point of improvement, designers
expressed the need for ‘measuring the
environmental impact of the solutions shown'.
This is not included in the scope of the tool.
However, it might be interesting to look
into ways make the combination between
multiple tools easier.

Also the framework could be
expended to providing one overview of the
circular options for one product. Because,
for example, a refurbished product can also
be recycled afterwards. Considering this,

a designer suggested to add a 'framework
where also other circular design aspects can
be put side by side (E.g. Toothbrush button
good because of medical feeling, but bad for
recycling)’

Most of information sorted on the
purple canvas is already provided to the
designers in a business case, as stated by
Philips designers in a feedback session.
This makes emphatizing important, since
designers do not experience the concerns
first hand. Therefore, Philips designers have
a preference for the green canvas. To the
visualisation exercizes of the consumer data
are valuable for drawing conclusions.

It practise, designers may not
always have the time or need to fill the
complete tool. Therefore, the provided list
of questions to think about may be of more
practical value. As the research design
team indicated: ‘the provided list of questions
provides us with a starting point to consider
refurbishment in our surveys or interviews for
example’.

Form

As mentioned before, the complete
visual overview of the finding is valued.

A designer said: ' like that the brief can be
captured visually in one tool’. Stappers added
to this that the tool is well balanced between
boxes (restictions) and drawing (freedom). The
form of a Miro board is appreciated by the
designers. Especially due to the Covid remote
working situation, online brainstorming tool
are appreciated. In this format, a designer
mentioned, the tool can easily be copy pasted
and prepared for, for example, a workshop’. A
research designer mentioned that it would
be helpful to create a Miro template, so that
designers can combine and swap boxes to the
needs of their project.

Both Stappers and Mugge said that it
would add value to stimulate more drawing or
mapping activities in the tool. The first steps
to do so have been taken by adding the draw
boxes in step 7. However, this could be taken
a step further. For example with a suggestion
made by one of the Philips designers:’ One
section where the ideas/inputs for each use
cycle are combined in one design to combine all
cycles together’. Another designer mentioned
that it could be nice to add a visual experience
flow’. These options can be explored in future
development.

Also, the desire for a visual summary
was expresse: ‘A section where different features
for different usecycles can be clearly put side by
side to highlight incongruences (E.g. finishing that
works for user 1, but not user 2)". Although the
relations show a summary of the outcome,
it was not considered sufficient. A designer
gave the following suggestion: ‘A section with
key requirements and enabelers’ These are all

form options that should be considered after
the tool is tests by several different designers
internally.

Another point of improvement here was
to create ‘a clearer overview what main aesthetics
features are important for each use cycle and a
clearer comparison between contrasting features'.
According to the designer, this should be
highlighted more promominently, so that it can
be used as part of the final outcome.

Further development

To fully validate the effect of the tool,
it should be evaluated in real design projects.
Currently, the tool is being tested internally.
Philips designers are trying the tool in
workshops. Gathering this feedback and
adjusting the tool accordingly would be the first
step to improve the tool.

Also, Mugge mentioned that the tool is
currently focussed on hygiene and was clearly
created from a personal care perspective. To
take this prejustice out of the tool, the tool
should be tested on other products from
different categoried and to compare the
outcome.

Furthermore, the incentive for designers
to use the tool should be investigated. Time
is precious, especially for Philips designers.
Therefore the outcome and purpose of the
tool should be used for communication and
promotion.

In further development, it might be
interesting to involve psychologists in the
development of the tool. This could help
improve the educational value in terms of
design for refurbishment skills, and the content
on consumer behaviour and incentives.
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CHAPTER 7.1

Answering research questions

The purpose of this thesis has been to
discover, through in-practice explorations, how
the consumer perspective can be incorporated
in design for refurbishment. How this can

be done and what this asks of designers is
explained in chapter five and six. This thesis
presents a redesign for refurbishment from a
consumer perspective, and a tool for designers
to train the skills and consumer-centred design
process.

By combining the findings obtained
during this project, the main research question
can be answered by answering the sub-
questions.

1. What is the influence of hygiene (for the
consumer) in the refurbished personal care
products’ buying decision?

This study was conducted on a single
case. Thus, the influence of hygiene on
refurbished personal care products as a
category could not be determined. However,
the case study provided some interesting
insights into what aesthetic features
consumers relate to hygiene and how this
affects the potential acceptance.

Hygiene is related to the consumer’s
fear of contamination. Personal care
products are susceptible to contamination
concerns (Mugge et al., 2017). Consumers
confirmed that buying a personal product like
the Lumea refurbished is undesirable. The
idea that someone else used the product on
personal body parts before is repulsive.

The interviews suggest that hygiene is
mainly perceived in relation to complexity.
Consumers mention that features like buttons,
small corners, and split lines negatively
influence the refurbished product’s acceptance
since these are considered difficult to clean.
Findings suggest that product complexity
negatively affects the perceived ease of
cleaning.

Interviews suggest that the colour white
is related to hygiene due to its associations

with medical products. Also, smooth surface
finishing is mentioned as favourable for
refurbished products since this enhances

the ease of cleaning. However, a relationship
between white, smooth and hygienic could not
be concluded from the survey.

However, ‘hygienic’ has a weak
positive relation (p = <0.05) with the
willingness to buy refurbished and is the
strongest predictor for buying refurbished.
This suggests that the higher the perceived
hygienic is, the higher the willingness to buy
refurbished will be. This study doesn't prove
that the relationship between hygiene and
willingness to buy is causal. Still, it seems
reasonable that improving the hygiene
perception will cause a slightly increased
willingness to buy refurbished.

2. How can design appearance increase the
consumer acceptance of a refurbished
product?

As concluded in chapter 4: ‘Aesthetics
influence the acceptance via associations
but will not be the deciding aspect for
solving the overarching societal problem
that stands in the way of refurbished
product acceptance; misconceptions about
refurbishment’.

Interviews suggest that these aesthetic
features help consumers judge whether the
product meets contamination and functionality
needs. Visual factors such as product
appearance help consumers verify product
quality (Mugge et al., 2012). However, product
aesthetics is only one of many factors that
consumers use to balance benefits and risks.

That does not mean that aesthetics has
no influence at all. The survey suggests that
consumers prefer characteristics associated
with hygiene, like white colours and smooth
textures.

Therefore, creating positive
associations can increase the willingness
to buy refurbished (Huang et al., 2020).

This project concludes that, for the Lumea,

especially associations with luxury, hygiene and

durability positively influence the acceptance of
the refurbished product.

3. How to (re)design a personal care product for
refurbishment?

Design for refurbishment is not a quick fix or

stand-alone design activity. It is a mindset

best developed through experience and
cooperation with other designers. Every
product and context is unique. There are no
guidelines or rules to follow, which apply in
every situation. Circular design is a mindset
that encourages new ways of exploring
opportunities and solving problems. The
insights from this study are combined into an
illustrative redesign and a tool intended to train
this mindset by experience. Following the line
of this project, designers should develop the
following skills:

1. Consumer empathy; The ability to
understand your consumer. Different
lifecycles have different target
consumers that all want a satisfactory
product that fits their needs. Designers
should look beyond the first consumer and
consider consumer needs and desires from
multiple cycles in their design process (van
Weelden et al.,, 2016). Designers should
understand the consumer’s expectations
and perception of value and manage those
over time (De Los Rios and Charnley, 2016).

2. Product lifetime management; Regulations
or technological developments in later
product lifecycles may demand design
changes. Instead of delivering a static
product design, designs should be
timeless with room for upgradability.
Therefore, designers should have the
ability to anticipate how the product
will evolve over multiple lifecycles (De
los Rios and Charnley, 2016; Sumpter et
al., 2018). This ability does not only require
consumer and context empathy. It also

requires technical insight into how to design
a repairable product.

3. Ecosystem thinking; Refurbishment
involves multiple target consumers,
stakeholders and service models that
should all be understood. Understanding
this requires focusing on product design
to component level while keeping the
complete circular business model in mind
(Sumpter et al., 2018). Therefore, designers
should facilitate collaboration between
internal and external stakeholders who play
a role in the operationalising refurbishment
(Sumpter et al., 2018).

Conclusion
‘How to enhance the consumer acceptance
of refurbished (electronic personal hygiene)
products via product design?’
Every product and context are unique. There
are no guidelines or rules to follow, which apply
in every situation. Circular design is a mindset.
However, from this study, the following can be
concluded for the Lumea:
Assess the contamination sensitivity
of all outer housing parts based on
contamination sensitivity level and conclude
their need for replacement and repair. Also,
list the functional critical parts and assess
their location in the product, consider
surfacing housing parts to increase the ease
of replacement
Focus on emphasizing the characteristics;
luxury, hygiene and durability.
Avoid associations with complexity, like
buttons and split lines. Also, avoid fragile
components and emphasise robust,
distinctive designs to lower the perceived
performance risk.
Consider white housing with smooth
surface finishing to create associations with
easy cleaning.



Overlap with literature and additional findings

Consumer concerns

+ Consumer experience quality concerns:
Do refurbished products really work
“like new"? (Abbey et al., 2015)

The refurbished product is forever
tainted by traces of prior use (Abbey et
al., 2015).

+ Consumers have a need for continued

performance (Mugge et al., 2017)

Personal care products are considered

unfit for refurbishment ([1] Mugge et al,,

2017)

+ Refurbished products are considered
less clean than new ones because of
contamination concerns ([1] Mugge et

al., 2017)

+

I+

Decision making

+ Sustainability has no importance for the
product choice (Michaud and Llerena,
2011; Abbey et al,, 2015; van Weelden
et al., 2016; Wewer et al.,, 2020)

+ Consumer are not familiar with
refurbishment, which leads to
misconception about the process
and lowers the willingness to buy (van
Weelden et al,, 2016; Mugge et al.,
2017; Wewer et al.,, 2020)

+ Performance risk has a negative impact
on purchase intention (Mugge et al.,
2017; Singhal et al., 2019)

+ Personal care products are hygiene
sensitive; consumers would rather
personally own a new one (Mugge et al.,

2017)
+ Refurbished product buyers seek
functionality instead of newness

(Jiménez-Parra et al.,, 2014)

? New / unknown product use; harder
to predict for consumer what wear
and tear can be expected

Aesthetic influence

+ Consumers use visual factors, such
as product appearance, to verify the
quality (Mugge et al., 2012)

+ Refurbished products should meet
minimum functional requirements
before appearance is taken into
account (Luchs et al., 2012).

+ Consumers evaluate refurbished
products with visual information about
prior use (i.e., wear and tear) more
negatively (Mugge et al., 2017).

+ The simplistic design style evokes

positive perceptions and enhances the

attractiveness (Wallner et al., 2020)

Refurbished products are often

perceived as old, used, and having

reduced performance (Baxter, 2016)

+ Timeless designs are preferred for
refurbished products (Lobos, 2014)

+ For refurbished personal care
products, consumer prefer an as
new product with no visible traces of
prior use

+ White colour enhances the
acceptance of refurbished personal
care products since they are
associated with medical hygiene

+ Smooth surface finishing enhances
the acceptance of a refurbished
personal care product because it
emphasizes ease of cleaning

+ Robust, simplistic product design
styles are preferred over complex
and fragile products (Wallner et al.,

2020).

? Distinctive product design positively
influences the perceived performace
quality

? The expression of luxury positively
influences the consumer’s
willingness to buy refurbished, since
it lowers the perceived financial risk

+

Table 7.2: Literature and additional findings

CHAPTER 7.2

Contributions & practical outcomes

Opportunities for further research

Combining the findings from this
research to existing literature shows quite
some overlap. Table 7.2 shows literature
findings that were perceived as valid for this
research. The statement partly supported
are marked with (+/-). The results that can
be concluded from the interviews and/or
the survey are added in blue.

Some of these statements follow only
from qualitative research. To enhance the
validity of these statements, quantitative
research should also be done. Also, this
project provides multiple opportunities for

future research, marked with (?).

? Distinctive product design positively
influences the perceived performance
quality

The interviews suggested that the distinctive

shape of the Lumea has a positive effect

on the perceived quality. This statement

was not further investigated during this

research. However, it would be interesting

to examine the influence of shape on
product acceptance further.

? The expression of luxury positively
influences the consumer’s willingness
to buy refurbished, since it lowers the

perceived financial risk
According to the conducted survey, the
characteristic 'luxury’ is very applicable
to Lumea, just like ‘high quality and
‘hygiene’. Earlier studies have explored
the influence of hygiene and quality on
purchase intention. For the Lumea, luxury
is one of the primary buying incentives
and, therefore, positively influences the
willingness to buy in general. However,
whether luxury products have a higher
willingness to buy refurbished remains
questionable.

Practical outcomes for Philips

This project approached
refurbishment from two design angles,
product architecture and consumer
acceptance. Combining both perspectives
into one case study gives an example
of what should be looked into when
redesigning for refurbishment.

Also, the tool created in this project
provides Philips with a practical way to start
implementing refurbishment in an early
phase of the design process. The canvas
and the list of questions provided are
Created to kick start the circular mindset of
the Philips designers and evoke awareness
amongst designers from different
departments.

The tool can also be used as a
summary canvas for all project team
members involved. Currently, the tool is
being tested at Philips in the shape of a
design workshop. The outcomes of which
will be evaluated in future research.

Contribution to design practise

The illustrative design shows
findings from literature and research that
can be implemented in product design.

It presents how consumer concerns and
considerations can be used to make design
for refurbishment decisions. This design
should support designers in understanding
the different stakeholders and concerns

of refurbishment and how these can be
managed in product design.

The consumer centred design for
refurbishment tool contributes to design
practice by providing designers with the
means to understand and engage with
the refurbishment in an early phase of
the design process. The aim of developing
a tool was to stimulate designers to
stop thinking about the complexity of
refurbishment and start exploring the
opportunities it can provide. This could help
to lower the threshold to begin involving
refurbishment in the design process.



CHAPTER 7.3

Final thoughts; personal reflection

This was the first project in which | was able to combine both my masters
skills. I had to show that I'm ‘worthy’ of the strategic- and integrated product
design title and have a deeper understanding of both perspectives. During
this project, my goal was to show that | can make well-considered choices,
taking both disciplines into account. This was a challenge in terms of managing
expectations and finding out what | wanted to do. But in the end, I'm happy with
the learning curve. The project started as if I was running to graduation projects
in parallel. Since Philips’ main focus was the research, the disassembly felt like
something | was doing on the side. For me, however, this was something | wanted
to learn and was looking forward to. Not being able to discuss my disassembly
findings with them made it hard to treat both as equal parts of the project. |
ended up discussing the individual perspectives only with the experts and Philips
designers interested in that perspective, leading to a fragmented project with no
clear direction. | found out that this was happening relatively late in the project.

However, once | was made aware, | decided to pause the project and
evaluate all the design activities | had done so far. | started combining interesting
findings and creating relations, which led to an enrichment of the research and
the project. In the end, | was able to develop a redesign and tool in which both
disciplines are represented. The one perhaps more dominant than the other,
but that is design. Not every design challenge can be solved with 50% strategy
and 50% product engineering. It is about discovering which techniques fit the
project's needs best and how you, as a designer, can be of most value. After this
project, I'm convinced that my education in both perspectives makes me unigue.
But is knowing what skills to apply at what moment that will make me a good
designer. This project helped me in this development, and | hope to continue
learning how to position myself as a designer for the rest of my career.

Managing expectations

Being a semi intern at Philips made it
hard to manage what to expect from them,
and what they expected from me. To what
extend are they able to help? What are they
allowed to share? To what extend do they
own the project? As a result, there have been
quite a few misunderstandings in the course
of the project. Fortunately, there has always
been a lot of support from Philips for my many
requests and my own choices.

The project’s freedom allowed me to
dive into refurbishment and become an expert
in circular design thinking. Developing this skill
was something | desired from the start as a
learning goal, and | dare to say | succeeded.
Through practise | was able to see how big

companies manage sustainable design. Also,

| was able to develop the skills and way of
thinking needed to understand the complexity
of circular product design.

In terms of project approach, | would
have done a lot of things differently afterwards.
| found out that | got stuck in the research for
too long, leaving me too little time to develop
the design up to the level | wanted. I'm a
perfectionist and don't like to move to other
task without completing the task at hand first.
However, this did reduce the momentum of
the project. In coming projects, | would start
designing in parallel despite not knowning
everything in advance. This makes it is easier to
spot knowlegde gaps and stick to what is really
relevant to move forward.

Focus and motivation

For me, this was the first project which
lasted longer than 20 weeks. In fact, a double
degree project takes almost 8 months. Because
of this, | found it difficult (especially in the
beginning) to keep the goal in sight. | wasn't
sure where to start and couldn't motivate
myself very well. | solved this by coming up with
a number of small tasks to do per day at the
beginning of the week. | had to write down my
findings in a logbook at the end of every day.
This gave me an overview of what | had already
done, which also motivated me to continue.

Also, | found the contrast between
working in groups at the faculty all day and
working alone from home confusing. | worked
whenever it suited me. Sometimes, playing
golf all day and then working 8 hours at night
to compensate. This started to show in my
project results. Therefore | decided for myself
to work for one hour, and see what | had done.
If  was in the workflow, | would continue. If not,
| would take a physical exercize break and try
again. This helped me to feel like | really did
something with my day.

Communication

Because for every small question and
discussion an appointment needs to sceduled
a few days in advance, | tended to solve it on
my own. As a result, | slowly got deeper into
working alone and before | knew it a week
went by without updating anyone. Since | was
made aware of this by the end of the project,
as mentioned before, | did not have much
time to better this. However, from now on, |
would scedule weekly or bi-weekly meetings

in advance with all parties involved. The bi-
weekly with philips did help with this issue.
Because of the bi-weeklys | had to prepare and
present every other week and everyone stayed
informed. But | do recognize that this is an area
for improvement.

Because everything was online, | found
out that I had difficulty communicating my
ideas and plans to stakeholders. During
the project | mainly did this in the form of
presentations, as this is easiest online. In
retrospect, | should have shown my visual
process more, instead of summing everything
in words. As a result, | would have been able to
get the feedback | needed afterwards.

Later on | started working with Rhino,
as | wanted to for my personal learning goals.
However, starting from zero with this new CAD
programme takes valuable time. | started trying
things and it took me way too much time to get
tasks done. To improve my basics, | decided
to follow an online course. This took me about
a week to complete, which seemed like a lot
of wasted time at that moment. However,
afterwards | was able to adjust the models so
much quicker that it was worth it.

Consumer research

During this project, | found out that
consumer research is a part of design | really
enjoy. | like conducting product tests with
consumers and validating results. This is
something I would like to keep doing in my
future career as designer.
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1. CONTEXT ANALYSIS

Appendix A

Circular economy

Intro

The course our planet is on, as described in the last chapter, does not
sound desirable. But luckily, something can be done. To reduce the generated (e-)
waste we must optimize the use of resources. Renewable energy and energy-
efficiency are the main focus of today's climate change challenge. However,
meeting climate targets also requires tackling the 45% of emissions caused by
making products (Ellen MacArthur Foundation, 2020). This can be achieved by
going from a linear ‘take make waste’ model to a circular economy.

A third of the appliances are still working when they are thrown away
(Cooper, 2004) and 23% of discarded electrical equipment is economically viable
for resale, either in its current condition or with minor reparations (Waste and
Resources Action Programme, 2011). This indicates great potential for bringing
e-waste back in the loop with the circular economy.

Definition Circular strategies

‘The circular economy is a systemic approach

to economic development, designed to benefit
businesses, society, and the environment. In
contrast to the ‘take-make-waste’ linear model,

a circular economy is regenerative and aims to
gradually decouple growth from the consumption
of finite resources by keeping products,
components and materials at their highest

utility and value at all times”. (Ellen MacArthur
Foundation, 2020)

To achieve these principles, there
are several circular design strategies. These
strategies aim to keep products and
materials in use (British standard). Which
strategy fits best depends on the product and
its context. For electronic products lifetime
extension strategies are preferred and
should be tailored to the specific product
(Bakker, 2014).

The amount of energy and resources
each strategy consumes is visualised in the
Value Hill (Bocken et al.,, 2016) (Figure 1.2.1).
Value is added while the product moves
“uphill”. Circular strategies keep the product
at its highest value (top of the hill) for as
long as possible. The closer to the top, the
more valuable the approach. Products should
move downhill as slowly as possible so that
its useful resources can still be of service to
other systems (Bocken et al.,, 2016). This project
focuses on Refurbishment. Refurbishment
is a post-use fase strategy that focuses on
value recovery (Bocken et al.,, 2016).

Linear economy

user

ADD ] DESTROY
VALUE VALUE

Y ‘/\
assembly -—\

manufacturing —— 1'

retail

extraction ——\

USE POST-USE

Circular economy

——— repair/maintain
p

rd

ADD m RETAIN
VALUE VALUE

— reuse/redistribute
5

D

g remanufacture
|

y
/— recycle

USE POST-USE

Figure 1.2.1; Value Hill (Bocken et al., 2016)



Appendix B

Try&Buy Lumea prices

Try&Buy

A Try&Buy subscriber receives the
product with all attachments. Depending on
the subscription type, consumers can return
the product either at any time or after three
months. Subscribers can decide to buy the
Lumea for market value at any time. The
Try&Buy stops after a maximum of 14 months,
since the product is then paid off.
In July 2020, 5800 consumers had a
subscripted Lumea (personal communication,
sept. 2020). Philips benefits from the Try&Buy
because of increased Return of Investments.
And, because of the Try&Buy, Philips retrieves
over 2000 Lumea'’s a year (Philips, 2020),
which means Philips can learn from consumer
behaviour, spot problems at large scale and
innovate based on that (Philips, 2020).

New €359,99

Try&Buy New Cancelled immediately | €39,95

3 months minimum €34,95

Try&Buy Second life Cancelled immediately | €34,95

3 months minimum €29,95

Second-hand (average
20 advertisements
marktplaats.nl)

€289,60

Environmental impact score (Philips, n.d.

Table 2.1; Lumea sales prices (Philips.nl, 2020274R Cipe (P1) ’
b eClire / 8.23 ReCiPe (Pt)

/ 3.37 ReCiPe (Pt)/ 4.78 ReCiPe (Pt) Lrl—l

SOURCING, MANUFACTURING

ey Refurbished product
@y New product

(+/- 80% of o
sales price)
)

Price

The sales prices of the Lumea are shown
in table 2.1. Comparing the prices of the new,
remanufactured (Second life) and second-
hand Lumea shows that the Lumea retains
a high percentage of its financial value after
one life cycle (see appendix C for definitions
on new and Second Life). The biddings on the
second-hand product are on average around
80% of the original retail price. The price of the
Second Life Lumea is around 87% of the new
subscription price. Apparently, the 7% more for
cleaning, testing, and guarantee is not worth
it for some consumers. This might be because
consumers are not aware of the Second-life
option or just assume that Philips is more
expensive than buying second-hand.

Besides the Prestige, Philips sells the
cheaper ‘advanced’ model of the Lumea.

Koninklijke Philips n.v. is a Dutch company that aims to
offer technological solutions across the entire world-wide health
spectrum, from professional treatment in hospitals to personal

care at home (Philips.nl, 2020).

Philips recognizes that they need to make a change today
and has set multiple goals to shift towards a circular system.
To reach these goals, Philips is involved in many sustainable
projects and is praised for its commitment to the environment
(Wall Street Journal, 2020; Ellen MacArthur Foundation, 2020).

Goals circular economy for 2025 (Circular economy Philips

2020):

solutions.

Close the loop by offering a trade-in on all professional :
medical equipment, and taking care of responsible
repurposing (either refurbished at Philips, or locally recycled

in line with Philips policies). (fig. 2.2.2)

Generate 25% of sales from circular products, services and™

Embed circular practices at their sites (including non-
manufacturing sites, e.g. large offices, warehouses etc.) and

send zero waste to landfill.

extracting
raw materials

parts supply

parts recovery

/-‘Qefurm‘sh )
a)‘ser\;ce// upgrades
p?ematerialize / optimize usage

user

I S C—
Most value Least value

incineration
& landfill

Fig. 2.2.2; Philips circular strategy (Philips.nl, 2020)

Refurbishment & Philips

Philips recognizes the importance of
refurbishment in their goals, currently especially for
large equipment. And, healthcare must do more with
less budget (Mostert, 2020). By opting for circular
propositions (e.g. leasing a refurbished CT scanner
instead of buying a new one) a hospital saves money
and deals more effectively with scarce raw materials.
In this way, circularity contributes to affordable care
(Mostert, 2020).

With their programme; ‘Rethink what new
means' Philips works together with hospitals on
changing the stigma on refurbished products by
showing their practicality in real life situations
(Mostert, 2020).

The Lumea

The reprocessing of the Lumea is one of
Philips' circular projects. However, the Lumea was
not designed for the circular economy and therefore
does not fully fit Philips" aimed strategy (interview
Lumea Designer, 2020). Thus, the Lumea could
benefit from a thorough analysis on circular product
design opportunties to contribute to their circular

goals. 135



Appendix C

Interview guide; Consumer interviews

Landing page subscription:
https.//tudelft.fral.qualtrics.com/jfe/form/

SV _8eNJ7G8EqE8X9VYx

Interview type: semi-structured

Number of interviewees: 10 per interviewer (10
Senna, 10 Theresa)

Set up: An online meeting with Theresa and the
participant (Zoom, skype.. etc.)

Research topic:

Consumer acceptance of the 2nd life Lumea
Prestige

Main research question:

How do consumers of the 2nd life Lumea
Prestige experience the product and the
Aesthetics?

Checkllst before start:
The participant has the (2nd life) Lumea
Prestige and has used it at least once
Recording device ready
Observant or interviewer has notebook and
pen to write memos
The interviewer has questions on paper and
read through all the notes

Intro script:

Thank you for participating & welcome small talk
Is it okay if we record the audio of this interview?
(Read consent text and ask for agreement)
Together with Theresa, I'm working on my
graduation project for the TU Delft and I'm doing
this interview because | am interested in how you
experience the Lumea.

Subtopic 1 (warming up / intro): Use of the
Lumea
Opening question: Why did you buy the
Lumea?
Follow-ups/probes:
Can you describe your first use experience
with the Lumea?
How often do you use the Lumea?

‘We just talked about the use of the Lumea. Now
I would like to ask you some questions about the
decision to get a new/2nd life Lumea.’

Subtopic 2: Refurbished or ‘normal product’
decision-making process

*in case of new Lumea

2nd life products are products that have been
recollected after their first use, have been cleaned
and checked.’

Why did you choose the new Lumea over
the 2nd life one?

Were you aware of the availability of 2nd life
Lumea'’s?

What are pro’s and con'’s of a new Lumea
compared to a 2nd life one?

*in case of 2nd life Lumea

+ What made you decide to buy a 2nd life
Lumea instead of a new one?
What were your expectations of the 2nd life
Lumea?
What are the positive and negative aspects
of a 2nd life Lumea compared to a new
one? Please elaborate on its pro’s and cons.
Would you recommend the 2nd life Lumea
to friends? Why and why not?

‘These were the questions about your purchase
decision. | would now like to know more about
how you use the Lumeq’.

Subtopic 3: Perceived cleanness of the
Lumea
Opening question: Could you describe your use
routine?
+ Do you clean the Lumea? Please explain
how and why.
If yes: How? How often?
If no: Why not?
Does the Lumea meet your hygiene
expectations and needs?
If yes: Why?
If no: Why not?

*in case of a 2nd life Lumea
Did you pay attention to the condition of
the product at arrival?

Could you describe your impression of the
products’ condition?

‘After having talked about hygiene, | would like to
discuss the appearance of the Lumea with you’

Subtopic 4: Appearance of the Lumea
Opening question: How would you describe the
appearance of the Lumea?

*in case of 2nd life Lumea
What did you like or dislike about the
appearance of the Lumea?
Is there anything that you would change
about the appearance of Lumea?

Follovv ups/probes:
What is your opinion on the shape of the
Lumea?
What does it remind you of? What feeling
does it give?
What do you think of the material the
Lumea is made of?
If you could order the Lumea with different
materials, would you order another
material?
If yes: Could you give an example of the
material of another product?
If no: Why not?
If the Lumea was available in different
colours, would you order another colour?
If yes: to what and why?
If no: why not?
What feeling does the Lumea evoke when
you use it?
How did it feel when you first used the
Lumea?
If you had to describe the Lumea as a
person, what kind of personality would it
have? What characteristics would you give
the Lumea?

*MOVE OVER TO SCREENSHARE —> SHOW
PRESENTATION WITH CHOICES

Closure checklist:
Thank you for your help!
Is there anything you would like to add?



Appendix D

Stimuli dilemma’s interview
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Appendix E

Cleaning routine

Appendix F

Contamination sensitive parts table

Level 2; critical
Part nr Reason
consumer

Refurbisher
attention points

Level 1;

Part nr

semi-critical

Reason
consumer

Refurbisher
attention points

Pressed directly
on the skin,
which is
considered dirty

Small corners

Contagious, easy
to spot greasy
fingerprints

Splitlines
Air holes

fingerprints, dust
and skin debris

770 Pressed directly | Splitlines -3 Easy to spot Splitlines (Hard to
on the skin, Small corners fingerprints, dust | reach)
which is and skin debris
considered dirty
e Scratches on Splitlines
button reduce
perception of
product
functionality
Many small air
holes
" Scratches on Splitlines
" button reduce
-2~ | perception of
16— product
functionality
4——[] | Easy to spot Small corners

(Hard to reach)

Table 4.1.2; desired parts to clean and issues

The three attachments are mentioned as one in the table because they are
nearly identical in use and clean routine. For part numbers reference the
exploded view on page 50.



APPENDIX G

Survey results Characteristics

Now that we have discovered what the consumer’s attitude towards refurbished
products is, it is important to explore the perception of the Lumea in general.

With one look on a product, we know whether we want to own it or not (van Desmet

& Hekkert, 2007; Weelden et al., 2016). Making sense of the product and creating

an opinion towards it is based on aesthetic features (Desmet & Hekkert, 2007).
Especially for refurbished products, aesthetics cues are used to judge quality
and performance, which can make the difference in consumer acceptance
(Jiménez-Parra et al., 2014; van Weelden et al.,, 2016). This part focuses on associations
consumers have with the Lumea and what product characteristics are most applicable.

Product associations

To uncover what associations (affective
meaning) consumers have with the Lumea,
a qualitative survey was conducted among
people who have seen or experienced
the physical product at least once (n=61).
Participants were reached via Philips fan
groups on Facebook and via personal sharing.
For around 1/5 of the respondents (13 out of
57), a hair dryer was the first thing they thought
about when they saw the Lumea. However,
another 1/5 of the respondents associated
the Lumea immediately with a supermarket
self-scanner (fig. 2.4.4). Other associations

mentioned were a police scanner (fig. 2.4.3), a
head thermometer (Covid-19) (fig. 2.4.1) and a
laser gun (like Star Trek) (fig. 2.4.2).

These associations have a similar
product shapes. All involve a gun shaped
product with a trigger and an outlet in a
similar position (fig. 2.4.5). This means that
the position of components and the overall
shape have a major influence in creating
associations. Colours, for example, were not
mentioned at all and therefore are perceived to
have a minor influence on the initial creation of
product meaning.

4 Q
MS@? ‘1

Fig. 2445 Suparmeriat Selifscenner

mean

Fig. 2.4.5; Similarities in component position Lumea and hair dryer

Product characteristics

‘Hygienic’ is most applicable. When asked
why they gave this rating, participants mainly
mentioned the ‘smooth’ surface design; The
design looks clean and smooth, which makes it
look like it is easy to clean’. The colours were
also mentioned are related to the perceived
hygiene: Dirt and skin debris are easily spotted
on light colours like white’ and ‘I associate white
with medical devices.

Mean & Variance

@® mean

7

> Q> > O
00{\ OQQ’ 7}:5\'0 Q@@\ (Q’O‘Q [

Fig. 3.4.5; Personality test results Lumea




Appendix H

Hotspot data sheet (Excel)

General project information

&
opzetstuk

binnenkant epzetstuk
Iwart

buitenkant opzetstuk wit

buitenkant opzetstuk
roze

metalen clips
opzetstuk identifier
metalen doorkijkgat
metalen lichtgeleider
plastic behuizing licht
geleider

peb opzetstuk identifier

[IEET cover deksel

ring

Snapjoints triple 3x

roze cover
[IEET deksel interface
binnenbehuizing
Knoppen
pijlknop
- aanuit knop

vink knop
- vergrootglas knop
- frame deksel interface
- pch assembly

behuizing lichtbron kap
-seal il
-seal 2
- rood glas
|28 metal holder lichthron
- lichtbron
B8 o
820 lichtspiegel

behuizing lichtbron
- intem zwart
RS pes
- wventilator
- behuizing handvat
- pistoolknop
- ring achterzijde
- behuizing
- accu assembly

- rechargable lithium ion

- peb pistoolknop
- condensator
- connector

- frame accu assembly
- schroef 1

- schroef 2

General properties

yes
yes

yes

yes

yes

Brand name
Product category
Authors

Date

Location

main asernbly
opzetstuk

opzetstuk

opzetstuk

binnenkant opzetstuk 2 Remaove
binnenkant apzetstuk 2 Remove

opzetstuk identifier
opzetstuk identifier
opzetstuk identifier

opzetstuk identifier

main assembly
cover deksel
cover deksel
cover deksel
main assembly
deksel interface

deksel interface
deksel interface
deksel interface
deksel interface
deksel interface
main assembly
main assembly
pch assembly

lichtbron kap

lichtbron kap
lichtbron kap
lichtbron kap
peb assembly
pch assembly
lichtbren
lichtbren
lichtbren

pch assembly
main assembly
main assembly
behuizing handvat
behuizing handvat
behuizing handvat
main assembly

accu assembly

accu assembly
accu assembly
accu assembly
accu assembly
main assembly

main assembly

Philips Lumea Prestige
IPL hair removal Personal care
Bonte, S. Snel, S. Knemeijer, C.D.
20-11-2020

Zwanenburg; Netherlands

You can enter data in the light blue cells

Activity properties

. M7

Difficulty of Access

&
&

Remaove Hands level O - Light resistance level O - Clear
Remove Serewd river level O - Light resistance level O - Clear
Disconnect snapjoin Screwd river 4 a3 level 1 - Moderate resistance  level 0 - Clear

Screwd river 2 7 level O - Light resistance level 0 - Clear

Hands 1 15 level O - Light resistance level O - Clear
Remaove Hands 1 2 level O - Light resistance level O - Clear
Remove Hands 1 1 level O - Light resistance level O - Clear
Remaove Hands 1 1 level 0 - Light resistance level 0 - Clear
Remove Hands level O - Light resistance level O - Clear
Disconnect snapjoin Screwd river 4 109 level 2 - Heavy resistance level 2 - Obstructed
Remove Hands 1 2 level O - Light resistance level O - Clear
De-glue Heat 1 98 level 2 - Heavy resistance level 0 - Clear
Remove
Disconnect snapjoin Screwdriver 51 level 2 - Heavy resistance level 2 - Obstructed
Remove Screwd river 1 17 level 1 - Moderate resistance  level 0 - Clear
Remaove Screwd river 1 level 0 - Light resistance level 1 - Recessed
Remove Serewd river 1 level O - Light resistance level 1 - Recessed
Remaove Screwd river 1 level 0 - Light resistance level 1 - Recessed
Remove Screwd river 1 level O - Light resistance level 1 - Recessed
Unplug Screwd river 3 215 level 1 - Moderate resistance  level 2 - Obstructed
Remove Screwdriver 5 level 0 - Light resistance level 1 - Recessed
Remove Screwd river il 16 level 1 - Moderate resistance  level 2 - Obstructed
remove Hands 2 level O - Light resistance level O - Clear
Remove Hands 2 level O - Light resistance level 0 - Clear
Remove Hands 2 level O - Light resistance level O - Clear
Remove Hands 2 level O - Light resistance level O - Clear
Remove Hands 1 level O - Light resistance level O - Clear
De-solder Soldering iron 2 382 level 1 - Moderate resistance  level 0 - Clear
Remove Serewd river 27 level O - Light resistance level 1 - Recessed
Remaove Hands 1 level 0 - Light resistance level 0 - Clear
remove
Remove Serewd river 66 level O - Light resistance level O - Clear
Unscrew Screwd river 2 30 level 0 - Light resistance level O - Clear
Remove Hands 1 level O - Light resistance level O - Clear
Remove Heat 180 level 1 - Mod istance level 1 -
Remove Hands 2 level O - Light resistance level O - Clear
Remove Hands 2 level O - Light resistance level O - Clear
Remove Screwdriver 2 level O - Light resistance level O - Clear
Remove Hands 17 level O - Light resistance level O - Clear
Remove Screwdriver 10 level 1 - Moderate resistance  level O - Clear
Remove Hands

&

r

level 0
level 1

level 1

level 1
level 0
level 0
level 0
level 0

level 2
level 0
level 2

level 2
level 1

level 1
level 1
level 1
level 1

level 2
level 1
level 1
level 0

level 0
level 0
level 0
level 0
level 2
level 1
level 0

level 1
level 1
level 0
level 1

level 0
level 0

level 1
level 0
level 1

- No-to-low precision
- Moderate precision

- Moderate precision

- Moderate precision

- No-to-low precision
- No-to-low precision
- No-to-low precision
- No-to-low precision

- No-to-low precision

- High precision
- No-to-low precision
- High precision

- High precision
- Moderate precision

- Moderate precision
- Moderate precision
- Moderate precision
- Moderate precision

- High precision
- Moderate precision  level
- Moderate precision
- No-to-low precision  level

- No-to-low precision
- No-to-low preeision
- No-to-low precision
- No-to-low precision
- High precision

- Moderate precision
- No-to-low precision

- Moderate precision
- Moderate precision
- No-to-low precision  level
- Moderate precision

- No-to-low precision

- No-to-low precision

- Moderate precision
- No-to-low precision
- Moderate precision

Total:

Average:

- time to disassemble 1323 sec - force 2 [1=low .. 5=high .. 10=extreme]
- number of tasks 27 - accessibility 2 [1=clear .. 5=moderate .. 10=difficult]
- number of steps 47 - positioning 3 [1=easy .. 5=moderate .. 10=difficult]
- number of tools 21
Functional sensitivity Material properties
f‘} . @ "‘@ &
t’ \é' & “8&?\ r t-"aé @}@4\@ % &
///////////////////////////////////////////2%///?/
No-to-low maintenan | Sub functionality level 2 - Very important Thermoset ¥ ¥
level 0 - No-to-low maintenan level 0 - No-to-low functionali level 1 - Moderate Thermaoset 5,8
level 0 - No-to-low maintenan level 0 - No-to-low functionali level 0 - Not important Stainless Steel 0,1
T B R B e —
level 0 - No-to-low maintenani level 2 - Main functionality  level 0 - Not important Thermoset 2,3
level 0 - No-to-low maintenan level 2 - Main functionality  level 0 - Not important Other Electronies 3 \'
WWWWWWWWW L
level 0 - No-to-low rnaim.enan: level 0 - No-to-low functionali level 0 - Not irn:urlanl Therrnuspet 2:2 ¥ ‘
level 0 - No-to-low maintenan level 1 - Sub functionality level 1 - Moderate Thermoset 30 \'
WWWWWWWWW L
0 - No-to-low maintenan 0 - No-to-low functionali 0 - Not important ermoset 10,7
level 0 - No-to-low maintenani level 2 - Main functionality level 1 - Moderate Thermoset 0,8 ‘
level 0 - No-to-low maintenan level 2 - Main functionality level 1 - Moderate Thermoset 0,6 \'
level 0 - No-to-low maintenani level 2 - Main functionality  level 1 - Moderate Mixed materials mainly plastic 0,5 ¥
level 0 - No-to-low maintenan level 2 - Main functionality  level 1 - Moderate Mixed materials mainly plastic 0,4 ¥
level 0 - No-to-low maintenani level 1 - Sub functionality level 1 - Moderate Mixed materials mainly plastic 27
WWWWWW/WW%MW LA axdoornppen van drden
0 - No-to-low maintenani level 0 - No-to-low functionali level 0 - Not important Thermoset 2
0 - No-to-low maintenani level 1 - Sub funetional i[\f 0 - Not important Thermoset 10,9
level 0 - No-to-low maintenan level 1 - Sub functionality level 0 - Not important Rubber 0,4
level 0 - No-to-low maintenan level 1 - Sub funetionality level 0 - Not important Rubber 1
level 0 - No-to-low maintenan level 2 - Main functionality  level 0 - Not important Glass 2,9
level 0 - No-to-low maintenan level 0 - No-to-low functionali level 0 - Not important Steel 0,05
WWWWWWWWW v - -
level 0 - No-to-low rnain:enam level 2 - Main funclionaliz level 0 - Not irn:urlanl Steel 0:6
level 0 - No-to-low maintenan level 0 - No-to-low functionali level 0 - Not important Thermoset 14,9
level 0 - No-to-low maintenani level 2 - Main functionality level 0 - Not important PCB 77 ?‘ ?’
level 0 - No-to-low maintenan; level 1 - Sub functionality level 0 - Not important E—mamr 24 \' ?‘ ?" 2 draden doorgeknipt
level 0 - No-to-low maintenani level 0 - No-to-low funcl.l:vnall level 0 - Not important Therrnuplatlc 2,2 =
level 0 - No-to-low maintenan level 1 - Sub functionality level 1 - Moderate Thermoset 75 "
l/f////////{//{///////{//h/////{ /Q///////////{//////////// l////////////////////////// ////////{/l////////////////%ﬁ/////% — 1
2 - High chance of breakir level 2 - Main functionality evel 0 - Not important Rechargeable 57.1
level 0 - No-to-low maintenani level 2 - Main functionality level 0 - Not important PCB 1,3 ‘ ‘
level 0 - Mo-to-low maintenani level 2 - Main functionality level 0 - Not important Other Electronics 111 ? ?’
level 0 - No-to-low maintenani level 2 - Main functionality level 0 - Not important Other Electronics 3,3 ‘;
level 0 - No-te-low maintenans level O - No-to-low functionali level 0 - Not important Thermoset 47



Appendix |

Disassembly map Attachments
Labels disassembly map y map

Complete assembly

The disassembly is visualised in a disassembly @ ¢
map (De Fazio, 2019; Verhoef, 2020). This map

shows the sequence of actions with the parts

Legend Disassembly map

The labels created by De Fazio (2019)

and tools involved. However, some alterations

to the disassembly maps by De Fazio and

Vermaat.

and maat (2020) were used, in addition a label z

x4
was created for contamination sensitive parts.
The legend is shown in figure 5.4.1.

v
¥

¥
8

Assembly label Hygienic priority label  Functional priority label

Legend
Assembly X,Y X (%) Tools Parts:

Sd = Screwdriver Metal clip (2x)
Assembly line Action label H =Hands Housing attachment black

Metal measuring system
| Fit
FF = wriction fit
é SF = Snap fit

Metal light transmit
Combined actions

Housing light transmit
Parallel sequence Linear sequence needed Priority parts

PCB attachment
Hygiene priority = oranje rand
Functional priority = donker blauwe rand
*Note: The attachment disassembled had no
protective glass. Therefore the glass was not

Housing attachment pink
Fig. 4.5.1; Legend disassembly map (based on De Fazio, 2019; Verhoef, 2020) shown in the disassembly map.

O N WN =

Housing attachment white



Current Lumea | Correlation | Sig.
Appendix compared to...
Results survey colour and texture Shinwhite | 0.892 000
Mean values refurbished will be. No significant effects could has a bigger influence on decision making than Shiny grey 0.880 .000
Figure 4.2.1 shows the means of the be identified for other characteristics. texture, since no mentionable differences can
willingness to buy (referred to as WTB from However, dispite the significant be spotted between means of the two different Shiny black 0.839 .000
now on) of the variations of the Lumea. difference between the WTB of the current and textures.
Considering the variables were measured on shiny white Lumea, the difference in hygiene Due to the small number of 56+ Mat white 0.855 000
a 7 point scale, it can be concluded that this and simplicity scores was not significant. respondents, not all Lumea variations
sample has a positive attitude towards buying A stepwise regression was conducted were tested by that age group. Therefore,
the Lumea refurbished (m total = 3.42). to explore the effects of the characteristics on a preference for this group can not be Mat grey 0.835 .000
The shiny white version of the Lumea the WIB. The strongest predictor is ‘hygienic” 1 concluded.
has a high mean (m = 4.74) WIB compared point increase on the Likert scale is associated Mat black 0.649 .004
to the current Lumea and other variations. with a 0.494 point increase in WIB refurbished. Colour and willingness to buy

A paired samples t-test confirmed that the
difference between the WTB of the current
Lumea design refurbished and the WTB of the
shiny white variation is significant (p = <0.05).

This model doesn't prove that this relation is
causal but it seems reasonable that improving
the perception of hygiene will cause slightly
higher overall WTB of the refurbished product.

Figure 4.2.2 shows the means of the
WTB of colours and textures used for the
Lumea variations compared to the current
Lumea. From this graph it can be concluded

Refurbished + simple — significant weak positive correlation

Correlations

mean_all_ref
urb

mean_Hygien
ic_refurb

Shiny black shows the lowest mean Surprisingly, no effect was found for other that the differences per mean are little. On mean_all_refurb Pearson Correlation 1 272"
on WTB. However, no significant difference characteristics. average, the white variations are slightly more R — =
between the WTB of the shiny black Lumea popular than the black variations (delta m = mean_Hygienic_refurb _Pearson Correlation 272" )
and the current Lumea. Also, non of the other  Age groups and their appearance 0.9), however, no significant difference can be Sig. (2-tailed) 004

variations have a significantly different WTB
from the current Lumea.

The influence of different charactertics on
willingness to buy refurbished

The WIB was compared to the rating of
the charactertistics in a regression analysis.
This analyses showed that 'simple” and

preferences

Looking at the complete sample, 84%
has heared of the term refurbishment’ before.

Comparing the means of different
groups shows that the lower age group.

A one way ANOVA test showed that
there are no significant differences in the WTB
of the different Lumea versions. However,

identified.

The effect of texture on willingness to buy

The same counts for texture finishes.
Shiny has a slightly higher WTB than mat
variations, but not significant.

N 111

111

**_ Correlation is significant at the 0.01 level (2-tailed).

Refurbished + simple — significant weak positive correlation

Correlations

mean_all_ref
urb

mean_simple
_refurb

mean_all_refurb Pearson Correlation 1 192"
‘hygienic’ have a weak positive relation (p = comparing means (fig. 4.2.1) it can be stated Sig. (2-tailed) 043
<0.05) with WTB refurbished. This suggests that that the shiny white Lumea has the highest : g _ 12 112
the more simple and hygienic are applicable to  average WTB of the six variations. Looking at mesnsmple rett ::T;:;,Z:f'mn 1;23 -
the product, the higher the willingness to buy these results, it can be suggested that colour N 112 112

Figure 4.2.1; the means of ‘willingness to buy refurbished’ from different Lumea

*. Correlation is significant at the 0.05 level (2-tailed).

variations Figure 4.2.2; the means of ‘willingness to buy refurbished’ on colours and textures
T 7
° 5
474
3 3.39 3.45 35 3.79
2.67 2.89
Current  White ~ White  Grey Grey Black Black _ _
Lumea  Shiny Mat  Shiny  Mat Shiny Mat Current  White Grey Black  Shiny Mat
Lumea —



Appendix K

Brainstorm outcomes

=
Bouwpakiet =
v &S

gebruiks.
* instellingen -

Change
caseor
parts
|
Data
[ environm
ental
savings 4
- 1. How to make the refurbished Lumea
P Naam y
eigenaar something personal to the consumer?
4
F oo
kiezen /
@ peonaiaie
- =N
ol
Naam
- YR |
geven ﬁ
= = |
thankyou
~
Ergonomics | n
Nice scent app—>
community
S| o
=]
=
2.How can we improve the
Lumea" rience (me-tim
moment)?
Charging.
and personal
threatment o guidance
= tive E salon
(" = experience |
~
User B
Libel il Confirmat
PE— |
ke new : "
e o~
components Confidence

1. Vertrouwen wekken?

B
Unboxing
—~ experience
Refurbished
logo

2.How to increase the perceived value of

the refurbished Lumea?

Influencer
No more
= promotion

4.Hoe Kun e ervoor zorgen dat mensen

voor de refurbished versie kiezen ipv de
nieuwe?
Oplainon Influencers
x
Latel refurbishment werkt?

7 ot

videos, Corona

plctures, virus

w4

Philips

info
sharing

Spacial
hygienic

" blanket

g Newsmel
Fast/
easy
cleaning =
3.How can we avoid consumer
doubts about hygiene?
Clean/
e B8
design
=
Collectable.
= varrenty
Label =

Product
histary
! £
g v =3 in store shopping ke car or
5 &= Juwelier + testing. ( New
B v Mo
7 newpackaging .
- o As new housing /.
=, = s = roauctlootc
ey 3 - =
4.How to create an as new experience for
refurbished Lumea?
Cheaper
price
refurbish Lumea instead of a new one?
esbie
nepace  n 3¢
T
scratch free e
ke the

1. How to make the perception of the
Lumea greener?

e

Ecoproduct
! ok o

Appendix L

Brainstorm Design styles

A

Luxurious

Hygiene

Durable




CHAPTER M

Visual elements

ONSUMER CENTRED DESIGN FOR REFURBISHMENT

Refurbishment in

society Angh impact

Canvas

A requirement of the tool is that it
creates an overview of the relevant consumer , o
insights. Many tools have been created that s
provide an overview of data, like the Business & Lowimpsot
model canvas (fig. below) and variations.The
shape of this canvas with boxes to fill was used
as a startingpoint.

Also, the tool should be functional
online as well as offline. Due to Covid-19, many
brainstroms have moved from physical to
digital platforms like Miro.

No open spaces were left blank. This
was done to force users to make choices and
interpret the data in this specific context.

Broad vision to focussed conclusions Engaging users

To encourage a broader perspective, The canvas aims to engage users in
the tool was designed to start broad and multiple ways, based on Sanders & Stappers,
work towards focussed conclusions. This was 2012. Different types of tasks and examples
based on the model presented in chapter 6.4,  should encourage the user to fill the boxes. A
that states that societal developments and sample of the first task box can be seen below
bias form the main base for refurbishment in figure figure below.
purchase decisions.

The top box of the purple canvas
contains a societal developments. Moving
down, the consumer and their behaviour
towards refurbishment are key topics. The
lowest box evaluates specific product features.

The green canvas has a similar
approach. The first box encourages users
to draw lines between insights and create
interesting relations. The next box translates
those relations into guidelines, which are
evaluated on product feature level in the lower

The Business Model Canvas

@

boxes.
8 Explaination | Titles with Colours and
of task numbers to show appealing graphic

sequence features

2. PRODUCT LIFE V LIFECYCLET™———— = LIFECYCLE2 ——— = LIFECYCLE 3+

cycles & consumers NEW REFURBISHED REFURBISHED
Add info about the

consumer groups
targeted in each

Examples of questions Different types of actions Boxes to encourage
to ask yourself or like ‘draw on me, ‘add intuitive writing
considerations to look into picture here’ and writing



APPENDIX N

Questions tool

1. Company & society

Questions to ask:

Company regulations
What are the terms and warranty
regulations for your product?
What is the expected length of each cycle?
What influences this length?
What is the length of the technical life of
the product?
How does the user influence the lifespan
of the product? How long does the user
expect the lifespan to be? Are there any
trends that influence the life length?
What product components have the
shortest life span? How does this affect
the lifespan of the entire product?
What are the rules/requirements that
your design must follow?
How is your refurbishment service set up?
Who are the stakeholders? What are their
plans for the future?
Are there any company policies coming
up that might apply to your product?
Company developments
What is the company heading towards?
Are there plans for new investments
or strategies that might influence your
product?
Are there technological trends/
development in the company that might
affect your product?

Societal trends

+ What are relevant consumer trends in
your product category?
Do consumers expect upgrades from
this product? What is the technology time
pacing strategy?
How can consumer behaviour influence
the product lifetime?
What is the competition doing? What are
they investing in your product’s category?
Are there any government regulations
coming up that affect your product?
What is unknown about the (near) future?
What should you know before the launch
of the product?

2. Product life; Cycles & consumers
Queonns to ask:
Who is the current target consumer?
What do they value in their way of life that
affects your product?
What is the price reduction going to be for
the refurbished version? What consumer
can afford the product now?
How are Second Life consumers different
from new buyers? Demographically?
Socially? Way of life/life phase?
What are the consumer’s buying
incentives? Why do they buy this product?
Why would they consider Second Life (or
not)?
What are buying incentives during the
2nd life? How are they different from the
first time sale?
What do consumers experience
when buying the product? How is that
experience different for Second Life
consumers?

3. Product characteristics & values

Queonns to ask:
If consumers had to describe the
product as a person, what personality
would it have? How do those personality
descriptions differ for new and Second
Life consumers?
How does this personality affect your
product? What threats are experienced
positively? Which negatively? How does
this differ for new and Second Life
consumers? (E.g. New consumers might
find a product loch, while Second Life
consumers can experience this as robust
or durable)
What does this product remind
consumers of? Does it look like other
products?
What are competitors doing? What do
consumers value in competitor products?
How does that affect your product?
What are product aspects that consumers
value? How are those differences
between new and Second Life?

What are product aspects that should not
change during the redesign phase?

4. Consumer principles

Questions to ask:
What concerns affect your product most?
Consider the category and product use,
how does that affect the perception of the
refurbished product?

Refurbishment fuss

+ What does your target group currently
know about refurbishment? If and how
are they informed on the subject?
What biases affect the consumer’s
perception of the refurbished product?
What associations do consumers have
with the word ‘refurbished"?
What is the consumer’s initial reaction to
buying this product refurbished? Are they
positive or negative towards the concept?
What information do you give consumers
during the exploration phase?
What do consumers question about your
refurbished product?
What should consumers know in
advance? What do consumers need to
make an informed decision?
What benefits should be expressed that
fit the consumers buying incentives?
What actions do consumers take to find
information by themselves? What are
common information sources?
How does the brand affect the buying
decision? Is the brand experience
different for consumers in different
lifecycles?

Value for money

+  What product durability do consumers
expect? How long do consumers normally
use this product?
Is your product a high investment? If so,
what is the financial value to consumers
of buying this product refurbished?
What is the consumer'’s perception of
functionality? Is this influenced by the
offer of refurbished products?

Fear of contamination

What types of contamination do
consumers fear for this product? (Digital,
use, hygiene)

What measures do consumers take

to ensure contamination concerns
themselves?

How is the perception of contamination
influenced? By the exterior of the
product? Through product history? Or
based on feeling”?

5. Aesthetic experience
Questions to ask:
Colour

What colours can consumers see when
buying the product?

How are these colours perceived

by consumers in relation to the
aforementioned concerns? Do consumers
have positive or negative associations?
What colours do successful competitor
products have? What associations do
these evoke with consumers? How does
that affect the refurbishability?

Texture

What surface textures does your product
have? How can these be judged from
visual cues?

How are these textures perceived

by consumers in relation to the
aforementioned concerns?

What textures do successful refurbished
competitor products have?

S|mpI|C|ty

What parts do consumers mention as
durable? What looks sturdy or robust?
What visual cues does your product
communicate in terms of interfaces and
buttons?

How do these visual elements relate to
the aforementioned consumer concerns?
What concerns affect what components?
Do the visual elements have a positive
or negative influence on the Second Life
perception?



T|meless design styles
What parts or components do
consumers mention as fragile? Or
sensitive for damage?
Is your product sensitive to trends,
in terms of colour, product shape or
technology?
How is the product's design style
perceived by consumers? What
elements are mentionable or
memorable?
How do these memorable elements
relate to the aforementioned consumer
concerns?
Consider the associations consumers
have with your product (block 3), how
are these perceived in relation to
refurbishment?

6.Mindmap

Questions to ask:
How are the consumer insights related?
What are the differences between links
from new and refurbished consumer
experiences?

7.Relations and opportunities

Questions to ask:

Refurbishment fuss

+ What refurbishment benefits fit your
consumer best? How can these be
expressed via product design?
Do consumers from different life cycles
value the same things in refurbished
product? How can you combine and
emphasize all values in your design?
How can consumers be informed about
refurbishment in the redesign? What
product (or even component) specific
concerns should be addressed?
How can positively refurbishment
related characteristics be emphasized
in the design?

Value for money

+ How can the product be designed to be
less sensitive to trends? What sparks
both new and Second Life consumer
interest?
How can financial benefit be expressed
via product design? What makes

this product worth the money for
consumers, both new and refurbished?
What features raise the potential
willingness to pay?

How can fragile-looking product
features be redesigned to express
durability?

What features can be trimmed? Or
simplified?

What design features should be
emphasized to express durability to
consumers in the second and third life
cycle?

How can the product be redesigned

to allow upgradability? What upgrades
do consumers from different lifetimes,
or the years, expect from the product?
How can these be implemented in the
redesign?

How can the design style of the product
be simplified?

Is your product a high investment? If so,
what is the financial value to consumers
of buying this product refurbished?

Fear of contamination

What colours and textures do express
hygiene? How can those be applied to
your product?

What colours and textures are related
to the contamination? How can those
be designed out of the product?

How can hygiene concerns be tackled
in the product design? Consider
implementing measures consumers
take to by themselves. How can the
ease of cleaning be enhanced?

8.Contamination sensitive parts
Queonns to ask:

What parts should be replaced to
ease consumer concerns? How is their
current reachability?

What hurdles stand in the way of easy
replacement? What changes should be
made to the design to allow this?
What parts should be in‘as new'
condition according to consumers?
How is their current repairability?
What changes should be made to the
design to enhance repairability? What

design hurdles should be looked into?

9.Design challenges
Queonns to ask:

After doing this exercise, what questions
are left unanswered?

What research should be conducted to
answer these questions? By whom/ what
department?

What design opportunities from block 7
shows potential or further exploration?
What are the next actionable steps

to take into the further development

of the redesign of this product for
refurbishment?



