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Word list

This list contains terms that are used throughout the report, together with their definitions and background

information.

Polymer

A large molecule made of linked, repeating strings of
smaller molecules called monomers. Materials formed
by polymers depend on the type of molecules and the
type of bond. Examples of natural polymers are natural
rubber, wood, and even proteins. Examples of synthetic
polymers are synthetic rubbers, plastics, and glass.
(Bradford, A., 2017)

Plastics are often called polymers, since they are
synthetically made of polymers. The polymers that
plastics are made of are often petroleum-based.
(American Chemistry Council, 2019)

Plastics
There are two types of plastics: thermoplastics and
thermosets.

Thermoplastics can be heated and remelted into the
same material, thus recycled. Thermosets will burn when
being heated and cannot be remelted, and are therefore
difficult to recycle. (American Chemistry Council, 2019)

Some plastics can be flexible and stretchable, and are
called elastomers (which are often thermosets). (CES,
EduPack, 2018) Think of rubber bands or shoe soles.
Other plastics can be foamed by adding foaming agents
to the material or trapping gas in the liquid. Think of
styrofoam, PU, or EVA. (CES, Edupack 2018)

Post-consumer waste

Opposed to post-industrial waste (re-processable waste
produced after the production of parts before sale, such
as trimmings or rejects), post-consumer waste is what
users discard as waste after use. This waste can be
physically separated into categories of waste, such as
glass, paper, PMD, or organic, and collected as source

for use for recycling, composting, or energy recovery for
incineration. (Hickman, 2019)

Circular Economy

A circular economy is a model that provides business
and economic opportunities as well as environmental
and societal benefits by transforming linear make-
to-waste systems into circular ones that regenerate
living systems and/or recover product components
or materials for new cycles, ultimately eliminating the
generation of waste and reliance on finite resources.
This can be done on small, local scale, or large, multi-
organisational scale. (Ellen MacArthur Foundation, 2017)

Collection
No sustainable end-of-life can be implemented without
collection of product parts or materials. To realize
this, three possible methods of collection after use, as
proposed by Kumar & Putnam (2008) are:

1. Product collection by the manufacturer without

involvement of the retailer.

by the

manufacturer buying back from the latter.

2. Product collection retailer, with the
3. Product collection by a third party, with the

manufacturer buying back from the third party.

End-of-Life

The End-of-Life (EoL) refers to what happens to a
product after a user decides to discard it at the end
of the product life cycle. There are several discarding
methods, such as municipal waste incineration or landfill.
However, there are also more sustainable scenarios,
such as prolonging a product's life cycle by means of
repairing or maintenance, or scenarios suitable for a
circular system that give produced parts or materials a
'second life' such as refurbishing, remanufacturing, and
recycling. (Shelley, 2010)




Maintenance

Strictly spoken, maintenance is not an end-of-life
process, but rather prolongs the product life by repairing

faulty components. (Ideal&Co, 2016)

Refurbishing

Refurbishing can be defined as the "process of returning
[a product] to satisfactory working condition [...] [by]
repairing or replacing the major components. (Ideal&Co,
2016) Refurbished products are often aesthetic in
nature and working but are often not comparable with
new or remanufactured products. (Circular Economy
Practitioner Guide, 2018)

Both

products are products that have been tested by either

'refurbished' products and 'remanufactured'
the original manufacturer or a 3rd party before being
sold. Furthermore, 'Refurbished' products, as well as
'remanufactured' products, include a warranty, which
make these types of products more desirable than 2nd

hand product not having this warranty. (Jung. B., n.d.)

Remanufacturing
As defined by (ldeal&Co, 2016)
denotes the process of disassembly of products into

"remanufacturing

components, testing and recombining the components
into products of at least the original performance.

The resultant is a product that is 'as new'. According
to this definition, no repair is needed for the specific
part, and the best working parts are combined to a
remanufactured product.

Remanufacturing is usually done by the original
manufacturer instead of a 3rd party since they have
better access to the original engineering or electronic
schematics as well as replacement parts. Furthermore,
compared to refurbishment, remanufactured products
might also include extensive testing. However, it should
be kept in mind that the definition of refurbishment or

remanufacturing differs per company. (Jung. B., n.d.)

Recycling

"Recycling is the process of recovering materials from a
product at the end of a life cycle [...] [in which] materials
recovered feed back into the feedstock for the original
[closed loop] or other [open loop] purposes." (Ideal&Co,
2016)

Materials that are recycled should have properties
equivalent to those of the original material to make
them suitable as material in closed-loop cycles. (de
Pauw, I., 2015) McDonough and Braungart call this type
of recycling 'upcycling' (Eschner, 2017), while other
sources misuse the term 'upcycling' to describe the
reuse of parts in a crafty manner to create new products
the parts were not created for, however prolonging the
part life. (NS, n.d.)

Downcycling

Opposed to 'recycled' materials, downcycled materials
are recycled materials that have worsened material
properties than that of the original material, often due
to contaminants or mixing materials with different
properties. Think of recycling printer paper into toilet
paper. (Eschner, 2017)

Bio-based

Bio-based material is non-food related material that is
produced from biomass, often from (residual) sources of
the food and agricultural industry, substituting sources
from fossil fuels. (RVO, n.d)

A misconception is that bio-based materials are also
biodegradable. However, the terms are not synonymous
and not all bio-based materials are biodegradable or
recyclable. (van den Oever et al., 2017)




Biodegradable

A material is biodegradable when the material degrades
in a relatively shorter time than the non-biodegradable
variant of the material. However, this still could take up
to 5 years (Lewis Thomas, N., n.d.), which could not
be considered 'short', and which is only useful if the
material is accidentaly lost in nature or sea (such as
fishing lines). (Bos, et al., 2017)

If a material biodegrades in less than six months, it can
be considered compostable (for industrial composting).

Compostable

Compastable material is material that biodegrades in
less than six months, which is suitable for industrial
composting at a specialized facility. Not all materials
are also suitable for home composting, which is a less
controlled environment with lower temperatures than
at the industrial composting facility. Whether or not a
material is suitable for home composting or for industrial
composting is often noted on the material itself.
(InnProBio, n.d.)

PMD

Is an abbreviation for the collection of Plastic packaging,
Metal packaging and Drink cartons, which will each be
more easily separated into their own category after

collection. (Avalex, 2019a)

PP

Is an abbreviation for Polypropylene, a thermoplastic
which is recyclable. It is a commonly used material for
simple plastic products (CES, Edupack 2018)

rPP

Is an abbreviation for recycled PP which is made from
remelted PP as source material, and which is also
recyclable. (CES, Edupack 2018)

PET

Is an abbreviation for polyethylene terephthalate, a
thermoplast which is recyclable and a common material
for plastic bottles. (CES, Edupack 2018)

rPET

Is an abbreviation for recycled PET which is made from
remelted PET as source material, and which is also
recyclable. (CES, Edupack 2018)

EVA
Is an abbreviation for ethylene-vinyl-acetate, an
elastomer which can be foamed and is often used as

sole material in running shoes. (Bos, et al., 2017)
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Preface

Ask yourself the following question: Do you care for the
planet you're living in? | am sure that at least a small part
of you says yes. You may separate paper and glass for
recycling. What about plastics? And did your parents tell
you to finish your plate to not waste food? Or were food
scraps thrown away, or perhaps composted? Is throwing
a can of soda in the bushes okay if you can't find a bin?
Do you bike instead of taking the car when having the
opportunity? Do you buy the biological, local, free-
range eggs rather than the cheaper eggs? Do you bring
your own bag or cup to the store or find one-use plastic
bags, cups, or trays more convenient? What matters for
you, and what does not?

Making the 'right' decision can depend on several
aspects, such as available information, effort, or costs,
apart from the value of wanting to be environmentally
friendly. The same counts for designing and developing
products. In our lives, the word 'sustainability' often
gets mentioned. What it really implies, | got to learn over
the course of my studies. A product isn't sustainable
by placing a sticker or made-up certification on the
product with this claim, though many companies do this
to attract users (also called greenwashing). A product
is not necessarily sustainable by being made of bio-
material. In fact, developing a truly sustainable product
is something a little more complex, in which not only
environmental aspects have to be taken into account
(what impact does it have on the planet?), but also the
social aspects (is it produced in a fair way?), as well as
the income and outgoings (is it viable?).

Learning about all different aspects of how a product
can be made environmentally friendly, and how certain
decisions to do so impact the product and system around
it in complex ways, have always fascinated me. Some
solutions can be ingenious, truly sustainable, beautiful,
and well competitive as well. Such a well designed
product, doing good for both the user, company, and

environment, is something | think can be appreciated

by many, and learning to design a product as such is
something | think matters and | can get enthusiastic
about.

Therefore, when the company Greentom presented
their stroller during one of our lectures at the faculty, |
became well enthusiastic about their company. Not only
was the Greentom stroller beautiful looking and made
of 97% recycled material, but Greentom was also able
to have a structurally sound product from the recycled
material, claimed the design to have production costs
no higher than if the product were made of virgin
material, and went so far as to have their material
provider achieve white post-consumer plastic granulate
for the manufacturing of their parts, which makes
them one of the first companies to achieve this. This
company is set on a path of becoming a circular brand,
and their impressive design solutions showed that this
was possible by genuinely wanting to achieve this goal.
This was the moment that my mind was set on doing a
graduation project for Greentom.

In the end, Greentom shows a great example of a
company delivering beautiful, well-designed, affordable,
Yet,

companies seem to follow their footsteps to produce

competitive, and sustainable products. few
equally sustainable products. Of course, this may not
be one of the values of a company, but if with some
effort a product of a company can be designed equally
beautiful, functional, and profitable (if not even more
so0), then there are few reasons not to do so. Learning
the ways to do this, and mastering them to be able to
show the ability of having a positive and sustainable
outcome, is something | hope to achieve during my
graduation project as well as in any future projects to
better be able to show what the 'right' decisions could
be for a sustainable world.
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Abstract

Hand carts are small carts that can be pushed or pulled
by hand, and are typically used to conveniently transport
both belongings and small children on a day out. As
there are currently no known highly sustainable hand
carts on the market, Greentom aims to add a sustainable
hand cart to their portfolio on their path of becoming a
circular lifestyle brand.

The main objective of this graduation was to design
a sustainable hand cart product concept for young
families in the Netherlands, which is simple in its design,
easy to use, and affordably priced. The hand cart should
furthermore be suitable for up to three children to sit in

and suitable to transport goods.

Research was done on current hand carts on the market,
on users' experiences with them, and on the current
sustainability and circularity of Greentom's currently
produced product. This research resulted in a list of
users' needs and wishesinahand cart, including the ideal
dimensions, needed safety norms, needed requirements
for it to be easy to use, and the selling price preferred
to be under €250. Furthermore, the research concluded
that rPP and rPET are the most suitable and sustainable
materials to be used in the hand cart chassis and textile
respectively, and that an end-of-life scenario where new
Greentom products are sent back and refurbished into
2nd-life products would result in hand carts with 62%
lower eco-costs and 71%€ value capture compared to
the product with a linear incineration end-of-life. By
using these concluded required elements of a hand cart,
and by defining the Greentom form family and future
hand cart style, several ideas were developed after

which five product ideas were proposed.

The five ideas showed promising iterations on the basic
frame structure, folding principle, push/pull bar design,
and bottom design. By detailing their ergonomic and
constructional aspects, which concluded the exact
types, push/pull bar

dimensions, necessary wheel

positioning, weight-support beam construction, and
necessary folding structure iterations, the ideas were
concretized into three concepts: 'Horizontals', 'Twofold',

and 'Diagonal’.

The concepts were evaluated based on three main
criteria from the list of requirements, after which the
'Diagonal' was concluded to be the most promising
concept to be further developed into detail. Detailing
the concept was done by defining the to-be-improved
points with a structural mock-up model, and by defining
and further developing satisfier and exciter attributes
to ensure a high degree of customer satisfaction using
the KANO model. Lastly, after building a 1:1 functional
prototype of the improved final concept, the prototype
was evaluated by means of a user test, and showed to
successfully satisfy all users' needs and wishes with

positive reactions on all attributes.

The final design, the 'Greentom Go' concludes to be 1)
simple in its design since it complies with Greentom's
form family style while also expressing its own Hand Cart
style, 2) easy to use as it is easily (un)foldable, enables
children to independently step in and out of the hand
cart, allows attachment of Greentom accessories and a
baby car seat, and is well manoeuvrable by having large
wheels, a pushable handlebar, and by being lightweight
(7.57kg), and 3) affordable since the reuse of existing
and future moulds as well as the refurbishment end-
of-life scenario allows for lower total costs enabling
a selling price of €220. Therefore, the stated design
goal is concluded to be successfully achieved by the
Greentom Go.
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Any design project should be thought-out well before starting, to effectively

execute the design project and successfully reach the desired goal.

This section describes the context, focus, and design goal of the graduation project, and
how it will be approached.

1%



1.1 Introduction

On a day out, hand carts are ideal for young families.
For children, it is fun to be pulled along, and parents
can conveniently transport their belongings and the
children, and do not have to worry that their children
might get tired from walking, if they already can walk
(See Figure 1). Greentom wants to develop a sustainable
hand cart to add to their portfolio, and is a company that
currently designs, develops, and produces sustainable
strollers (Greentom, 2018a).

Greentom positions its current strollers, as seen in Figure
2, as "“the greenest stroller on planet earth” (Greentom,
2018b). The strollers are made out of 97% recycled
materials and can be recycled after use. The frame is
made out of (white) recycled PP, the fabric is made out
of recycled PET bottles, and the mattress is made from
100% natural wool combined with organic cotton. The
design is made in such a way that it can be quickly (dis)
assembled, and uses as little different kinds of materials
and different parts as possible. These solutions make
it possible to easily change individual worn parts to
increase the lifespan of products, or to process parts of
returned products into re-recycled mono-materials for
new product cycles, eliminating the need of using finite
virgin material. These design decisions help improving
the sustainability and ultimately the circularity of
Greentoms products. (CuddleCo, 2013; Red-dot-21,
2016; Greentom 2018c; Greentom, 2017)

a

T

A typical hand cart in uée (Ourlittlephotodiary, 201})

‘Fg é1
At this moment, however, there are no known hand carts
on the market with similar performance in sustainability.
Product that are created with the use of finite material
resources, harmful production methods (use of
additives, glue, lack of design for disassembly, non-
recyclable materials), and an incineration or landfill end-
of-life will ultimately lead to worsened environmental,
social, and economic conditions, due to the release
of toxic emissions and material depletion, for future

generations to live in (Umwelt Bundesamt, 2019).

To counter this, recent EU policy strives for the
development of sustainable products that allow for a
circular economy, targetting the transition from the
current linear, make-to-sell mindset to a circular and
sustainable one. (European Commission, 2014) This is
exactly where the graduation project of developing a
Hand Cart for Greentom could make a difference.

Figure 2 - The Greentom strollers - From left to right: Greentom reversible, Greentom carrycot, Greentom classic

18



1.2 Project Brief

1.2.1 Project focus

Greentom's vision is to “become a circular lifestyle
brand that grows with the life stage of the consumer”
(Gemeente Maastricht, 2018) Thus, expanding their
portfolio with the addition of a sustainable hand cart
for young families would be a valuable addition for

environmentally conscious families as well as for
Greentom'’s vision.
The focus of the project will, therefore, be on

sustainability, thus designing a product that benefits
the social (People), ecological (Planet), and economic
(Profit) aspect of a sustainable system (de Pauw, I.,
2015), specifically focussing on the latter two as the
project aims more attention at developing a physical
product rather than on developing the system it lies
in, while also focussing on circular design, allowing
materials and parts to be used anew at the end of their

life.

1.2.2 Design goal

The challenge is to design a hand cart that, like the
Greentom stroller, is affordably priced but also would
be able to fit a circular economy, while complying with
Greentom's mission, whichis “to create smart, functional
and sustainable products [...] to colour the world and
[future generation] greener.” (Greentom, 2018a)

Therefore, my design project goal is as follows:

To design a sustainable Hand Cart product concept for
young families in the Netherlands which is simple in its
design (smart), easy to use (functional), and affordably

priced.

The hand cart should be suitable for two to three
children (from O to 5 years old) to sit in and suitable to
transport goods.

See Appendix AO for the detailed project brief.
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1.3 Approach

The design goal is approached by splitting the project
into four phases: research, ideation, conceptualization,
and concept detailing.

As can be seen in Figure 3, each phase is started with
a goal and closed with the conclusions regarding that
goal. Each of these phases' conclusions help further
develop the final concept design of the Greentom Hand
Cart.

The research phase will be concluded with a list of
requirements and wishes which can be used as a
guideline during the ideation phase. The ideation phase
will be concluded with a selection of most promising
idea directions, which will be used as a starting point
for the conceptualization phase. The conceptualization
phase will be concluded with the selection of the most
promising concept which will be further developed
in detail during the concept detailing phase. Finally,
the concept detailing will be concluded with the final

Research Ideation

List of requirements

Design Goal and wishes

concept design of the Greentom Hand cart, having
synthesised all phases into the final design.

Each phase is shaped as a diamond, inspired by Double
Diamond model by the Design Council (2019), only
expanded to fit all design phases. The main idea is that
the phases diverge to find information related to the
phase goal, and converge to conclude the phase with
relevant conclusions as a starting point for the next
phase.

Inside each phase, several other design methods are
used, and will be discussed as they appear in each
chapter. Furthermore, it should be noted that during
the divergence and convergence of phases as well
as between phases, there are constant iterations of
solutions and taken pathways by changing or improving
them, to reach the final conclusions that best solve the
design challenges. However, for the sake of overview
and readability, the design process will be described

linearly.

Conceptualization

Concept Detailing

Selection of

Promising idea Final
directions

most promising

concept Concept Design

Figure 3 - Visualization of the design approach used to reach the design goal
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To be able to design the Greentom Hand Cart that best reaches the assignment goals, it is first
necessary to gain insights by means of research into topics regarding sustainability, existing
hand carts, and its users. The goal of the research is to use these insights to create a list of
requirements and wishes to ensure that design goals are best reached. This list of requirements
and wishes will then help as a guideline during the development of hand cart ideas, in Chapter 3.

The research chapter is split into four parts: The first part involves the analysis of competing
hand carts. The second part revolves around the analysis of user's experiences and wishes. The
third part presents the analysis of the environmental impact of current Greentom products and
how the future Greentom Hand Cart could be made more sustainable based on that. The final
part will discuss the conclusions and insights made from these analyses.
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2.1 Competing hand carts

The goal of this section is to explore what competing hand carts are out there, what their positive and negative

aspects are, and to see where the Greentom Hand Cart could make a difference to compete regarding these findings.

To do so, existing hand carts are analysed by means of a desk research (Section 2.1.1.1), by physically trying them
out (Section 2.1.1.2), and via exploring (online) users' and retailers' opinions (Section 2.2.1 and 2.2.2). Next, the hand

carts are compared by means of a perceptual map (Section 2.1.2). The conclusions of this section will be combined

with the conclusions of the Field research (Section 2.2) in Section 2.2.3.

2.1.1 Hand cart analysis

What is a hand cart? Hand carts traditionally used to
be wooden carts on four wheels meant to transport
produce from farmers to growing cities in the 19th
century, comparable to the one in Figure 4. (Lavigne,
2015) It can be seen in the German word for hand cart,
'Bollerwagen’, that the word originally consists of the
word "bollern" which means to rumble (likely the sound
the wheels made on cobblestones), and "wagen" which
means cart. (Langenscheidt, 2018ab) Still, the hand
cart is most popular in Germany, where hand carts are
traditionally used on Father's day to transport drinks for
fathers to celebrate. (Porter, E., 2019)

Nowadays, hand carts are becoming increasingly known
also in countries not used to the concept of hand carts,
having changed from traditional wooden hand carts to
more convenient, foldable, compact, and hip carts. By
creating a hand cart that competes well with existing
hand carts, the Greentom Hand Cart could become a
good product to users still less familiar with the concept.
(Information from interview with retailer in Appendix A9)

e bkl == e P % R

er, D., 2019)

Figure 4 - An old german hand cart (

2.1.1.1 Desk research

As Greentom has no experience with hand carts, first,
properties are explored by analysing existing hand carts
sold on retailers' websites. Properties of 30 competing
hand carts are documented (see Appendix A2) to be
used as the basis for comparing hand cart properties
with a Perceptual Map (Section 2.1.2). Differences
between hand carts are aspects such as their style,
folding mechanisms, (un)folded dimensions, weight,

prices, capacity, and attributes.

One specific find is that 20% of the analysed hand carts
can be pushed as well as pulled.

Secondly, norms for hand carts are analysed, to which
Appendix A3 shows the detailed norm analysis. Looking
atthe different hand carts and their norms, itis concluded
that it is common that the addition of a push bar in a
hand cart is accompanied with the additional safety
norm EN 1888, requiring a hand brake or foot brake and
safety straps in a pushable carriage for children

Thirdly, several online forums, videos, and blogs are
consulted. The online users most commonly indicated
needing the hand cart to have big wheels to better ride
in sand, to let it have enough inner volume to fit 'enough
belongings', and to have a compact hand cart when
folded to take along. Common wishes are the ability to
have a roof/umbrella, the ability to attach a baby car seat
inside the hand cart, and to have breaks to use the cart
on slopes. (ANWB, 2015; Forum Viva, 2012; Forum Viva,
2017abc;

2018; Zwangerschapspagina, GrootGezin,

n.d.).
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These first indications of needs and wishes are later
compared to the user's needs and wishes resulting
from the Questionnaire (Section 2.2.2), and interviews
(Section 2.2.3). Appendix A4 shows the detailed findings

regarding online users' preferences.

Additional insights are that users also indicated that
pulling a hand cart on long walks might be more difficult
than pushing the cart. Another user indicated finding
it unpleasant not to be able to see the children when
pulling them behind in the city. Thus, the difference in
experience between pushing and pulling a hand cart is

interesting to also explore.




2.1.1.2 Trying out hand carts

To gain hands-on experience with hand carts and find
insights that desk research cannot easily provide,
physical competing hand carts properties are analysed,
after which the hand cart manoeuvrability is tried out.

Physical competing hand cart properties

Negative and positive aspects of existing hand carts,
selected on the basis of an initial list of product
requirements, are analysed by exploring multiple,
physical hand carts first-hand to help better define

appropriate requirements for the Greentom Hand Cart.

In terms of manoeuvrability, it is found that heavier hand
carts and hand carts with small, hard wheels are more
difficultto manoeuvre than light, big-wheeled hand carts.
Furthermore, hand carts with wheels that move together
with the pull bar (Figure 5) are better to manoeuvre than
those with wheels moving independently from the pull
bar (Figure 6).

Regarding foldability, hand carts which require the
disassembly of parts during (un)folding (Figure 7) are

Figure 11 - Hand cart being seemingly stable

Figure 12 - Little force makes cart tip over

more inconvenient since they require more steps and
attention than those without the need of loose parts
during (un)folding. Furthermore, when folding, some
hand carts are less intuitive than others. The UlfBo for
example (Figure 8), does not indicate well how it can be
folded. Lastly, few hand carts are able to stand upright
when folded, such as the Beachtrekker Life (Figure 9),
while many have to be laid down after folding, occupying
more space.

In terms of comfort, many of the insides of the hand
carts did not feel comfortable by touch (Figure 10). In
some hand carts this is solved by adding plastic boards
on top of the beams (Figure 15), in others a soft cushion
is integrated or placed on top of the support structure
(Figure 11).

Regarding safety, the Beachtrekker Life shows to be
an example of a hand cart with a dangerously unstable
wheelbase structure, tipping over when the wheels and
handlebar are turned and the weight (of a child) being
in the front corner, thus shifting the centre of gravity

3

Figure 13 - Plates added to support structure
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Push/pull bar manoeuvrability

Few hand carts can be pushed, and additional norms
are required if a hand cart has a push bar (see previous
section). However, are there also clear benefits of being
able to push a hand cart compared to pulling that weigh
up to these additional norms? To find out hands-on, a
bent tube acting as a push bar is installed on top of an
existing pullable hand cart -since no hand cart with a
push bar is available- to compare the experience when
pushing and when pulling the cart (See Figure 14).

For the try-out, a MacWagon hand cart is used, filled
with a 60kg box to simulate the weight of three P50 five-
year-old children (DINED, 2017a).

It is concluded that the hand cart moved to the side
when being pulled and there is no vision on the contents
(Figure 15). When pushing the hand cart, the concluded
benefits of a push bar are that the cart remains in the
middle, pushing requires less force and seems to be
comfortable for the posture, and there is view on the
content/children (Figure 17).

Regarding the wheels, it is concluded that steering
felt more comfortable when pushing at the side of the
added push bar (Figure 14) opposed to pushing at the

Figure 15 - Pulling the hand cart

Figure 16 - Trying out the sitting comfort

side of the pull bar (Figure 17). Thus, having the swivel
wheels on the far side and the stationary wheels on the
near side of the user manoeuvred better when pushing.
This is possibly due to the turning point being closer
to the user allowing for tighter turns. The opposite
orientation of these wheel types manoeuvred more
easily when pulling, possibly since the swivel wheels
could then immediately follow a change of direction.
Further research on the most comfortable wheel type
configuration can be found in Section 4.1.1.2.

Lastly, it is found that the subject's weight in Figure 16,
equal to the weight of three children, could be too much
for a textile without any beams underneath to support
the weight (unless the textile supports heavy weights as

Cordura textile does, utilized in UIfBo hand carts).

Figure 17 - Pushing the hand cart
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2.1.2 Perceptual map

Introducing a new product into a market segment with
few close competitors would make the product stand
out and possibly lead to a successful introduction.
Therefore, the goal of the perceptual map is to visually
compare existing hand carts to see where a possible
market gap could be for successfully introducing the
Greentom Hand Cart.

The perceptual map, as seen in Figure 18 and Figure 19,
is created by plotting the price of the hand cart against
the perceived style, since users buy hand carts that fit
within their preferred price range, and since hand cart
aesthetics matter the most when looking for a hand
cart if all functionalities hypothetically would be equal
between competing hand carts.

The prices are gathered using the created list in Appendix
A2, whereas the hand cart styles are subjectively rated
on a scale of 0 to 10, with 0 being the most common in
design and conservative, and 10 being the most unique
and innovative in style.

Innovative Style

10

Low Cost

0 100 200

300
Conservative Style

High Cost

400 500 600 euros<

Figure 18 - Perceptual map, positioning hand carts based on their cost and perceived aesthetics - Zoomed-in area from Figure 19

28



Examples conservative-style features are: cheap,

fragile, or uncomfortable looking structures, and
unfoldable wooden structures. Examples of innovative-
style features are: hand carts with rounded, uncommon
(not box-like) shapes, or those with uncommon features
such as roofs, push bars, added pouches, or car seat

attachments.

It is assumed that hand carts appearing the most unique
and innovative are perceived as the most aesthetically
pleasing, however, future research regarding users'
hand cart style preferences could be done to confirm
this.

It is concluded that a possible market gap for hand
carts that are innovative in style and and have a price
up to €250, of which the empty area containing few
competitors can be seen in the top-left corner of
Figure 18, assuming that users find hand carts with an
innovative style (top) more aesthetically pleasing than
those with a conservative style, and that users prefer
more affordable hand carts (left) over expensive ones.

Naturally, this competitive advantage will only remain
strong if also all users' most needed attributes in a hand
cart are present. Keeping the price low while also living
up to all wished attributes is a challenge, for which
solutions are discussed in-depth in Section 3.3.

Innovative Style

Low Cost

500

1000

High Cost

1500 2000 euros

Conservative Style

Figure 19 - Perceptual map, positioning hand carts based on their cost and perceived aesthetics.
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2.2 Field Research

The previous section gave insights into possible needs and issues in hand carts. However, validation of these insights

is essential. Therefore, the goal of this section is to find the users' needs and wishes, both to validate the findings of

the competing hand cart analysis (Section 2.1.1) and to create an additional set of requirements and wishes for the

Greentom Hand Cart.

To find these needs and wishes, a questionnaire is sent out to hand cart users (Section 2.2.2), and interviews are

conducted with a hand cart user (Section 2.2.3.1) and a hand cart seller (Section 2.2.3.2). Lastly, the main conclusions

of Section 2.7 and this section are discussed in Section 2.2.3.

2.2.1 Methods

The questionnaire (Section 2.2.2) is set with the
goal of finding the overall users' preferences within
existing hand carts and mainly consists of quantitative
questions (meaning to generate data usable to analyse

statistically).

The questionnaire is distributed by using several Dutch
and German online forums for parents with small children,
by using social media platforms such as LinkedIn and
Facebook, and by inviting people having a hand cart on
the streets to participate. Users that do not own a hand
cart are excluded from the questionnaire since they
would not have enough insights or experience with hand
carts. Appendix A5 shows a list of all the questions that

are asked in the questionnaire.

Both the user interview (Section 2.2.3.1) and retailer
interview (Section 2.2.3.2) are conducted to find out
the underlaying reasons behind users' preferences,
consisting of only qualitative questions (meaning to
exploratively research underlying reasons). Regarding
the retailer interview, in addition to this goal, underlaying
reasons are sought for regarding why some hand carts
sell better than others.

Regarding the user interview, a user is invited to be
interviewed, and to show how their own hand cart is
being used with her children of 3 and 5 years old after
the interview. Colouring books and toy cars are available
during the half-hour interview to entertain the children,

and a mobile device is used to record the entire interview
after permission is asked. Appendix A8 shows a list of

questions and answers of the user interview.

Regarding the retailer interview, the owner of Active
Kids / bolderkar-shop.nl is interviewed who apart from
selling hand carts online, also has the largest showroom
of hand carts in the Netherlands in Breda. Since retailers
are in daily direct contact with the user, an interview can
provide their valuable insights on user's preferences and
problems while being able to well compare competing
hand carts according to those.

The open-end questions asked to the retailer are in
regards to users' common preferences, comparing
attributes between competing hand carts, and the
retailer's suggestions for improvements in hand carts
after years of experience selling hand carts from different
producers to users. A mobile device is used during the
interview to record the entire interview after permission
is asked. Appendix A9 shows a list of questions and
answers of the retailer interview.

30



2.2.2 Questionnaire

After having distributed the questionnaire, 16 people of
Dutch nationality and 4 people of German nationality
had filled in the questionnaire. The relevant results,
categorized into sections, are presented in this section.

Target group

95% of the respondents have children as shown in Figure
20. The figure also shows that 70% of all hand cart users
have more than 1 child. 74% of users with children also
indicated that some of their children ride along inside
the hand cart (See Appendix ABG).

When asking users how old the children are that ride
along inside the cart, users mention the oldest children
are up to 5/6/7 years old, and the youngest are 1 year old
(See Appendix AB). One user even indicated: "From the
moment they can sit independently”, which is around
7 months (BabyCentre Staff, 2019), "until their 5th/6th

year".
How many children do you have?

u None

m 1 child

© 2 children
m 3 children
u 4 children
u 5 children
m >5 children

Figure 20 - Number of children per hand cart user

Owned Hand Carts Prices

When comparing owned hand cart types (see Appendix
AB) with hand cart prices in Appendix A2, 50% of the
hand cart users that filled in the questionnaire are
owners of cheap, foldable hand carts that cost up to
€100, and 70% of all users owned a hand cart under
€200, indicating that the price range for the future hand

cart can be close to this range.

Primary Use of Hand Carts
Figure 21 shows that hand carts are mostly both used
for transporting belongings and children.
What do you use your hand cart for?
For transporting things I
For transporting children

For transporting my pets
OTHER: Hiring out / borrowing 1

0 5 10 15 20
Times mentioned

Figure 21 - Type of use per hand cart
Context

As seen in Figure 25, hand carts are mostly used on the
beach, at the zoo, at the camping, or at the amusement
park.

Where do you mostly use the hand cart?

On the beach 25%

At the zoo 19%
Atthe camping G 15%
Atthe park 12%
Inthe forest EEG——— 10%

Inthe park IEE—— 6%
At afestival/event IEE— 6%
Inthe town/village W 2%
At the playground W 2%
OTHER: At places where cars are not allowed to come HEEl 2%
OTHER: On the ferry to Texel (to bring toddler without a car) = 2%

o 2 4 6 8 10 12 14
Times mentioned

Figure 22 - Locations of use
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Needs and wishes

The aspects users find most important when buying a
hand cart (only being able to choose a maximum of 4
aspects out of the list) are shown in Figure 23. These are
Compactness when folded, Manoeuvrability (how well
it steers), Weight, Comfort for passengers, and Inner
Volume. Being able to choose your own colour/pattern
is mentioned once as a priority, and environmental
friendliness, or appearance are not mentioned to be an
attribute users found to be first priority when buying a
hand cart. Appendix A6 shows that users have mixed
feelings about the importance of attractiveness and
environmentally friendliness, and value personalizability
the least.

Which aspects are first priority when buying a hand
cart?

Compactness (folded) 29%
Manoeuvrability (how well it steers) T ———————— )%
Weight m—— (0%
Comfort for passengers (children/pets) T S ————14%
Volume m— 14%
Personalisable (colour/patterns) = 2%
Environmental friendliness 0%

Appearance (how attractive it looks) 0%

0 2 4 6 8 10 12 14 16 18
Times mentioned
Figure 23 - Users' most valued attributes

When asking which other unmentioned aspects would
be on first place, users mentioned sturdiness, sun
protection, child safety, wheel types, broad wheels for
the beach, and extra storing compartments.

Most users would like their ideal hand cart to cost up
to €100. 15% would pay 100 - 200 euros, 10% would
pay 200 - 300 euros, and 10% would pay 300 - 400
euros, as shown in Figure 24. A slight shift in frequency
distribution towards higher prices can be seen for ideal
hand carts compared to prices of user's currently owned
hand carts.

Price for ideal hand cart vs. current price

Up to 100 euros
100-200 euros 1%, .
200-300 euros [ 10%,
300- 400 euros gomm— 10%
400-500 euros [N 2%
500 - 600 euros
600 - 700 euros 3¢
1000 - 1500 euros
1500 - 2000 euros 9%

0 2 4 6 8 10 12
Times mentioned

H How much would you pay for the ideal hand cart?

M Current price of users' hand carts.

Figure 24 - Users' price for an ideal hand cart vs their current price

32



>




2.2.3 Interviews

2.2.3.1 User interview

Target group

The user indicated the reason to use their hand cart -a
MacWagon- is because the hand cart is nice to have
during a day out or during a holiday, since it fits both
children as well as more belongings, opposed to a single
stroller.

For her children, the user thinks the hand cart is suitable
until the child does not find in the cart anymore, and from
the moment a child can sit independently without being
strapped in. This is because children can move freely by
themselves without straps being available, which might
be dangerous if they cannot sit well by themselves
properly, and is especially dangerous if children decide
to stand up by themselves suddenly. However, the use
also mentions that freedom to move is nice for the
children, but having them strapped to the seat is more
practical. A combination would be preferred. Also, the
possibility of putting a children’s car seat is preferred,
for when the children are younger, to make it possible to
use the hand cart with them too.

Context and use

The user does not use the hand cart in the city, because
it is difficult to manoeuvre with it in a crowded place,
and she accidentally rides the hand cart over people’s
feet when pulling due to not having a good vision of the
cart behind her. The user mentioned a push bar would
be handy, due to being able to check on the children,
and being able to watch out not accidentally riding
over people’s toes. Also, it might be easier to push the
cart when riding on uneven surfaces, which the user
currently does not do but would if it easier to walk with
the hand cart that way. The user did mention finding it
difficult to pull along two children in the hand cart.

As Figure 25 shows, young children are lifted by the
parent into or out of the hand cart. This could prove
to be more difficult if the parent is pregnant, has back
problems, or any disabilities. Figure 26 shows that older
children can step into the hand cart themselves, but that
higher cart sides would make this more difficult to do.

Figure 26 - The eldest 5 year old child climbing out by herself.

Needs and wishes

The most important aspects that the user prefers in an

ideal hand cart, in descending order of importance, are:

1. Manoeuvrability: That it is easy to pull along.

2. Foldable and compact: To save space at home.

3. Personalizability: Being able to choose own style
or covers. "Hand carts are very ugly".

Furthermore, the user indicated to be interested in
environmentally friendly hand carts, and says to prefers
unattractive hand carts that fold up compactly compared
to attractive hand carts with bigger frames and wheels.
Regarding costs, the user indicated to be willing to pay
€200 for an ideal hand cart.

Other wishes the user indicated are:

« Upright when folded: Having the hand cart stand
by itself when folded.

« Detachable textile: Being able to remove the textile
from the frame to be able to easily clean it.

« Sun/rain cover possibility: During bad weather, the
user uses a stroller with a rain cover instead of her
hand cart which does not have a rain cover.

o Car seat: Ability to fit a car seat
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2.2.3.2 Retailer interview

Target group and context

According to the retailer, the main reason for families to
use the hand cart, is because once they have 2 or more
children, the stroller becomes unhandy; transporting
goods and children on days out is more handy with
a compact hand cart than with two strollers for the
children (or one stroller with an add-on platform) and
additional bags for goods. The sent-out questionnaire
(Section 2.2.2) confirms this, showing that 70% of users
who own a hand cart have 2 children or more. Also, the
interviewed user confirmed this when asking about the
reason of using a hand cart. Thus, hand cart customers
can be directly linked to customers of strollers with two
or more small children.

Furthermore, the retailer said that in his experience,
children up to five years old use the hand cart to sit in.
The questionnaire confirms this, showing children up to
7 years old using the hand cart. The interviewed user
indicated letting her children use the hand cart until

they lose interest or are too big to fit.

Customer's hand cart preferences
According to the retailer, customers find the following

aspects important in order from most to less important:

1. Big wheels: "Big wheels are needed for comfort
when using the hand cart more often, and to be used
at the beach. The bigger the wheels, the better they
ride on the beach. However, big wheels might also
make the hand cart less compact when it is folded".

2. Large volume: "Customers want everything to fit in
a hand cart (for example 2 to 3 children). Typically,
hand carts are 1 meter wide (to fit in a car)."

3. Compactness: "80% of hand carts sold nowadays
are foldable. They should have a simple folding
system which uses as less loose parts as possible
to prevent any parts from breaking or losing."
Furthermore, according to the retailer, the cheapest
hand carts are bought the most. Regarding category
of hand carts not considered cheap (>€200),
customers tend to want to buy the Beach Wagon
Lite (see Figure 27), due to its relatively low price

within this category of €290, big wheels, large
volume, great manoeuvrability, and attractive and
user-friendly design (such as soft sides and the
spring-elevated handlebar). However, since the
base cannot be folded, the Beach Wagon will stay
large after folding. Thus customers tend to buy
the Beachtrekker Life instead (Figure 28), which is
similar in price (€289). This proves that foldability is
more important than aesthetics.

4. Aesthetics: "The way the hand cart looks can
lead to a customer’s 'WOW!" feeling. The hand
cart should be available in multiple colours which
are flashy and hip. However, a price exceeding the
customer's expectations leads to the customer
not buying the product it loved so much. Thus, the
price has to match the customer’s expectations and
should not be higher than €300."

RARTHON

gure 27 - Beach Wagon Lite Fiure 28 - BeactrkerLife .
Additional requirements

In addition to the above-mentioned user's preferences,
Mr Hofte said that a hand cart should be:

« Comfortable: "Users, even those buying the
cheapest hand carts tend to also buy all available
accessories (such as mattresses, tent roofs, etc.)
for the hand cart to make the hand cart comfortable
and safe for their children."

o Safe: Especially the more expensive are found
to have safety features such as straps or breaks.
However, "hand carts are considered to be toys and

do not need to have these safety features since they
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are officially not meant for the transport of children.
However, as soon as the hand carts can be pushed,
they are considered as push prams, which involve
safety norms", according to the retailer.

o Well manoeuvrable: Making the hand cart light is
one way to make the hand cart easier to transport
and to manoeuvre. However, making the hand cart
light "proves to be difficult for manufacturers”,
according to Mr Hofte.

o (Feeling) Sturdy: "A main difference between the
cheap hand carts and the more expensive hand
carts is that the cheap ones tend to break soon. [...]
If good materials are used, and a sound structure,
then the hand cart will also feel more 'premium’
during use."

Common wishes
o Children's car seat: According to Mr Hofte, many
users ask if there is the possibility to attach a
children's car seat onto the hand cart.
o Extra pouches: Furthermore, Mr Hofte, as well as
users, praise extra pouches in (or outside) the hand
cart to fit belongings more comfortably.




2.2.3 Conclusion Field Research
Table 1 shows which needs are concluded in each
section of both the hand cart analysis section and the

field research section.

The table shows that aesthetics is not a top priority
attribute.
aesthetics is the decision-maker when all priority

However, it can be assumed that high
attributes are present. When it does, the price of the
hand cart is best not to exceed the price the user would
expect based on the attractiveness of the hand cart.

The need for a push bar is not mentioned explicitly in
the questionnaire and retailer interview. However, it is
concluded to be a present need based on the following:
e It is concluded that a push bar would benefit the
user by enabling seeing the children in front of the
user in the cart, and keeping the hand cart riding in

the middle preventing it from bumping into people

in crowded areas. The user interview shows that the
lack of these benefits when pulling is why the user
does not use the hand cart in the city and possibly
why the questionnaire shows the hand cart being

less used at a festival/even and least used in the
town/village.

e It is concluded that a push bar would benefit the
user by requiring less force and a more comfortable
posture compared to pulling. As the questionnaire
concludes that the hand cart is currently used less
in the forest or the park, it is assumed that the
mentioned benefits could make the hand cart more
likely to be used on rougher terrain (in combination
with suitable wheels as mentioned before).

Regarding the set design goal in Section 1.2, the
questionnaire confirms that the hand cart is primarily
and equally used to transport both belongings and
children, concludes that the hand cart can be best made
suitable for children up to 6 years old instead of 5 years
old as was initially stated, and confirms that the hand
cart can best be suitable to fit at least 2 children, up to
3 children, as findings are that the largest group of hand
cart users has two children (55%), the second-largest
group has 1 child (25%), and the third-largest group has
3 children (10%).

Table 1 - Mentioned needs and wishes per section

Concluded needs User questionnaire User Retailer Hand cart
interview interview analysis
Priority attributes:
Compactness (when folded) v - 29% mentioned as priority v v v
Manoeuvrability (how well it steers) v - 22% mentioned as priority v v v
Weight v - 20% mentioned as priority X v v
Comfort for passengers v - 14% mentioned as priority X v v
Volume v - 14% mentioned as priority v v v
Other valued attribues:
Big, broad wheels suitable for the beach | + - Hand carts most used at beach v v v
Aesthetics v v v v
Safety v v v v
A price no higher than €300 v v v v
A push bar apart from a pull bar X v X v
A collapsable front entry X v X X
Wishes:
Baby car seat v v v v
Sun/rain protection v v v v
Cart standing upright when folded v v v v
Extra storing compartments v X v X
Detachable textile v v v X
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2.3 Sustainability

Apart from a research that ensures that the product will comply with all users' needs and wishes as was done in

Section 2.1 and 2.2, Greentom is also set to create products that also do good to nature.

Therefore, the goal of this section is to define the requirements that ensure that the Greentom Hand Cart will have a

low environmental impact in a future circular economy. This is done by first doing a research on how to further reduce

the future environmental impact of and within the product life cycle of the Greentom Hand Cart, and secondly, based

on these outcomes, by defining the materials of the Greentom Hand Cart that fit a sustainable product life cycle and

will also be suitable to implement in Greentom's future circular economy.

2.3.1 Method

Therequirementsregarding the environmentalimpactare
found by using the following approach: First, the current
Greentom product life cycle (PLC) and the system it lies
in is analysed to then calculate the product's current
material flow in terms of circularity and value capture
based on the product's current end-of-life scenario
(Section 2.3.2). Next, by using the ResCom Circularity
Calculator tool by Ideal & Co, a future better alternative
is defined (Section 2.3.3). In
Section 2.3.4, the current environmental burden of

end-of-life scenario

each of the phases of the PLC is analysed by means
of a Fast-track Life Cycle Analysis (from now referred
to as LCA). Data will be processed with the help of a
list of environmental impact data called the Industrial
Design & Engineering MATerials database (ldemat in
short) which act as the multiplication factors for the to-
be-defined variables. Based on the LCA results of the
current Greentom product, the current environmental
impact will be compared with the Greentom Hand Cart's
future environmental impact in its alternative end-of-
life scenario and PLC (Section 2.3.5), and a material
selection with a reduced environmental impact will be
made for the future product (Section 2.3.6). Finally,
Section 2.3.7 will give an overview of the defined main
requirements based on these analyses.

Suppliers
@ rPP granulate

§EVA granulate

@ Repreve rPET yarn

2.3.2 Current PLC and circularity
First, the current product system of a Greentom product
is visualized. In the current system of a Greentom
Classic (Figure 29) all stakeholders the product
currently interacts with can be seen, their role and
locations, the type of transport used as well as the
distance between these stakeholders for the product
(materials), and the path that product materials or parts
take. See Confidential Appendix CA1 for the interview

with Greentom on which this analysis is based.

What can be concluded from the analysis, is that only
2% of the customers in Europe send their product
back for recycling after use. It is assumed that this is
due to the lack of incentive to send back the product.
Incentives to return a product after use are looked
into further in the next section. Furthermore, of those
products that are sent back, the rPP parts of the Chassis
are currently bought by a 3rd party and shredded into
recycled flakes for general use recycling, and the rPET
textile of the Classic Seat is being collected until a
suitable stakeholder is found to chemically recycle the
textile. (From interview in CA1) Thus, currently, 98% of
produced Greentom products are in a cradle-to-grave
system. This linear end-of-life is best to be changed into

a circular one to fit a sustainable, circular economy.
End-of-Life
Recycling

B L)
recycling of PP by

3rd party after return

Users

-
Use1 2ndhand use
Use 2

Figure 29 - System/contact between stakeholders (where stakeholder names, location, and transport distance are left out due to confidentiality)
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In order to find out which end-of-life scenario for the
hand cart holds the best potential in terms of costs,
material, and environmental impact for Greentom, the
current end-of-life scenario is explored, as well as the
collection and four alternative end-of-life scenarios that
are suggested for circular economy scenarios, namely:
1) maintenance, 2) refurbishing, 3) remanufacturing, and
4) recycling. These possible alternative scenarios are
evaluated by using the ResCom Circularity Calculator by
Ideal & Co.

Since the hand cart could have similar attributes to
the Greentom Classic, such as a plastic frame and
an inside textile, a conclusion of the best end-of-life
scenario for the Greentom Classic could also serve as
the best end-of-life scenario for the Greentom Hand
Cart. The analysis is done on the Chassis as well as on
the Classic Seat, which includes the canopy, the seat
itself, and the textile basket as seen in Figure 30. The
recycled percentage of the rPP lies between 80 and

textile. However, for simplification of the calculations,
the Chassis is assumed to be made out of 97% rPP
(KVKinnovatietop100, 2017) and the Classic Seat is
assumed to be entirely made of 100% rPET.

Figure 31 shows the combined Circularity
Calculator results of the current product,
in which the material flow in weight p
percentage and costs in percentage ,

.

of the total product costs (not

sales costs(!))
can be seen
per product
life cycle
stage, which
currently
ensures a

circularity of
Figure 30 - The

Greentom Classic:
consisting out of

the Chassis and the

50% and a value
capture of 1%.

100% (see technical data sheet provided by Greentom Classic Seat
in Confidential Appendix CA3), and the Classic Seat
consists of more parts and materials than only rPET
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Figure 31 - Potential circularity and value capture of the current product life cycle
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2.3.3 Future PLC and circularity

The first step to realizing an alternative, circular end-
of-life scenario, is to ensure a larger percentage of
collection of the products at their end-of-life. Brito, et
al. (2011) describe eight different types of incentives to
return a product after use, of which six relevant to the
current situation are discussed:

1. Deposit fee: Returned fee after product is returned.
2. Take back: Collecting the product for free, or for a
lower fee than normally would have to be paid.

3. Fee/compensation: Buying back the product.
Trade-in: Trading the old product for a new product.

5. [Easy and simple method of supply: Either picking
up the product or have drop off locations in place.

6. Environmental responsibility: Appealing to the

environmental consciousness of people.

A possible incentive to send back the Greentom Hand
Cart could, therefore, be a compensation for every sent
back product, as well as offering the possibility to send
back the product per post service free-of-charge. This
can be done by integrating the reward fee and the return
shipping fee into the selling price of the hand cart.

Next, with the information from Figure 31, the potential

(Circular)
Materials

Manufactured

0%€ Components

/ product

sisseyd

Assembled
Products

0%€ AL
/ product

1835 2ISSe|D

98%¢€
100%kg

Refurbished
used products

Remanufactured
used components

Open loop
Circular materials

Closed loop
Circular materials

Sold or provided
Products = 100%

100%kg

future value capture per new life cycle stage is calculated:
Would 100% of all products be returned, a value capture
of 27%€ (12% € Chassis, and 15% € Classic Seat) could
be achieved if the materials of a product would be fully
recycled in a closed loop, 97%%%€ if the products could
be fully remanufactured into a new product, or 98%%€ if
the products would be fully refurbished, of which the

latter is shown in Figure 32.

Thus, it can be concluded that remanufacturing and/or
refurbishing the Greentom Hand Cart are the preferred
end-of-life scenarios, holding the most value capture
in terms of costs and material saving compared to the
current situation for the Greentom Classic. Comparing
this to a possible best-case scenario in which 90% is
collected and 80% is refurbished the value capture
would be 71%€ (or 75%€ including the recycled end-
of-life of unrefurbished parts), as seen in Appendix
A7. The percentage depends on the percentage of
products returned, and the percentage of the parts of
those products that are suitable for the intended end-
of-life-scenario (thus, not being functionally worn). See
Confidential Appendix CA4 for the detailed CC results
and used data.

Circularity

100%

Productsin use at
Customers

(Downcycled)
Waste

(2nd hand)

Value
capture

98%

100%€

Recycled
content

0%

100%€

100%kg

1

Maintenance
on productsin use

Collected Scrap from
used products collected products

Figure 32 - Potential circularity and value capture of the future product life cycle
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Implications for product design

As is concluded from Figure 31, remanufacturing and/
or refurbishing the Greentom Hand Cart is preferred
to make new circular products. However, depending
on the condition or type of use of the parts or, in some
situations, different end-of-life scenarios are better to
be taken. This section further explores and determines
which end-of-life scenarios the hand cart chassis and
textile could best follow.

According to Keijsers, K (2013), users define three types
of issues that users dislike when being offered to use a
children' carriage as 2nd hand:

e Emotional: Rather than having visual wear, this
reason often is based on the reason of hygiene
when a second use cycle is initiated.

e Visual wear or dirt: Does not interfere with the
functioning of the product, but applies to its looks.
When initiating a second use cycle with a new user,
these worsened aesthetics might be of an issue.

e Functional break and wear: These issues interfere
with the proper working of the product and decrease

the product life span.

Thus, after collection, as also mentioned by Kin et al.
(2014), the hand cart is to be disassembled, cleaned,
and inspected per part to determine if the part is suitable
for refurbishing and/or remanufacturing. After, the parts

reassembled into the end product which is then tested.

Chassis

Refurbishing/Remanufacturing:

The chassis is expected to only show visual wear,
meaning the parts can be reconditioned to look as-new
during refurbishment, and then reassembled. If no visual
wear is present, the parts can be directly reassembled
as remanufactured parts or reassembled in combination
with refurbished parts.

Closed-loop recycling:

Chassis parts that show functional wear or break are
unsuitable for refurbishing/remanufacturing but can,
therefore, instead be recycled into new chassis parts.
To minimize material value loss, the chassis should have

as few different materials as possible and a density
difference of at least 0,03 [g/cm®] between different
materials to ensure the best material differentiability
after shredding for closed loop recycling. (Bogue, 2007)

Furthermore, the hand cart tyres are assumed to be too
functionally worn to be refurbished/remanufactured,
and is, therefore, to be recycled instead.

Textile
Refurbishing/Remanufacturing:

Textile showing minor, repairable flaws, with no signs
of wear may be reconditioned into refurbished textile.
Its achievability has been proven by The Renewal
Workshop, a company that "takes discarded apparel and
textiles and turns them into Renewed Apparel, upcycled
materials or recycling feedstock" guaranteeing no signs
of "stains, pilling, fading, fabric fatigue or overall signs
of exterior wear." (The renewal workshop, 2018). To be
able to refurbish the textile, it should be detachable,
washable and separatable from any other inner parts.

Closed/Open-loop recycling:

Textile that is not refurbishable is best to be recycled,
preferably into new yarn for the hand cart.

There are two types of textile recycling: 'mechanical

recycling' and ‘'chemical recycling'. Both types of
recycling have its pros and cons and their suitability also
depends on the type of textile material. (See Appendix

A11 for more information on plastic and textile recycling).

Furthermore, it is assumed that a possible cushion
inside the hand cart textile cannot be refurbished/
remanufactured due to emotional reasons and reasons
of hygiene, and is, therefore, to be recycled.

In conclusion, the defined end-of-life scenarios for the
chassis and textile provide promising results and can
ensure the best value capture. However, apart from
this, also the materials should be defined that can
best achieve these scenarios. Therefore, Section 2.3.2
further explores and defines the hand cart materials,
while taking into account the defined scenarios.
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2.3.4 Current environmentalimpact
Defining the best end-of-life scenario for the future
Greentom Hand Cart is not enough to make the
product count as sustainable. To know how sustainable
a product truly is, the environmental impact of all
aspects of the product is interesting to analyse: from
the materials used, up to production, transport, product
use, and finally end-of-life. The stages of a product are
part of a cycle called the product life cycle (PLC), as
shown in Figure 33. The current environmental impact
of each stage of the Greentom Classic (see Figure 35)
is therefore analysed by means of a Fast-track Life
Cycle Analysis (LCA) after which the results are used
as a benchmark to be improved or strived for when
designing the Greentom Hand Cart. Next, the current
impact is compared with the impact in the future system
in Section 2.3.5. Confidential Appendix CA2.2 shows the
full Excel sheet of the used data and results of the Fast-
track LCA.

2.3.4.1 Fast-track LCA

1. System boundaries

Part of the LCA, it to first communicate what (sub)
stages of the PLC are exactly included, and what is left
out. This is done by defining the system boundaries of

the Greentom Classic.

As can be seen in the system tree diagram of the
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Figure 33 - A Product Life Cycle (Greenblue, n.d)

system are indicated with a broken line, with boxes
marked in grey laying outside the system boundary. The
packaging of the product as well as the use phase of
the system is not included since focussing on reducing
a user's cleaning behaviour or improving the product
packaging lies outside the scope for designing the
future Greentom product.

2. Functional Unit

A functional unit is "a quantified description of the
performance requirements that the product system
fulfils". (Consequential-LCA, 2015)
unit in the case of the Greentom Classic is defined as:

The functional

"Transporting a child up to six years old in Europe, three
times a week, with an estimated product life span of for

Greentom Classic (Figure 34), the boundaries of the fjye years."
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Figure 34 - System tree diagram with indicated boundary for the Greentom Classic LCA
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3. Quantification

Regarding transport, the distance of the transported
material and parts is calculated based on the data from
the product life cycle system regarding the location of

different stakeholders (see Section 2.3.2).

Regarding the parts of the Greentom Classic, the
product is split into its Chassis and Classic Seat for
part identification. Each part of the Chassis is identified
using part data sheets provided by Greentom (called
the bill of materials, in short BOM). Since no BOM
is available for the Classic Seat, an old design of the
Classic Seat is taken apart for part identification. After
identifying all parts, the parts are numbered and named.
See Confidential Appendix CA2.1 for the BOM for both
the Chassis and the Classic Seat.

Furthermore, the weight of the parts is defined. For the
Chassis parts, an Excel sheet provided by Greentom is
consulted. Since no weight data on the Classic Seat is

available, all its identified parts are weighed.

Finally, the type of material per identified part is
defined. For the Chassis, the previously mentioned
sheet is consulted. Since no data on the part material of
the Classic Seat is available, except for the outer rPET
textile, each part is analysed with material

determination methods to define
the material (see Confidential

Appendix CA2.4).

b

Figure 35 - The Greentom Classic

4. Environmental impact indicators

The LCA can display a product's environmental burden
with different 'indicators', depending on which burden(s)
one wants to assess. Two types of indicators and their
benefits are highlighted below:

Carbon footprint

The global warming based indicator called "carbon
footprint" is expressed in kg CO, equivalent per kilogram
material. The word equivalent indicates that this number
is also taking other greenhouse gasses into account
such as methane (Vogtlander, 2010). This indicator is
good to use if only the carbon footprint of a product
life cycle is wished to be highlighted. However, it is less
suitable for products in a circular economy since it does
not take into account the impact of material depletion
that recycled materials - seemingly having a higher
carbon footprint due to the carbon footprint of recycling

- help to reduce.

Eco-costs

The prevention-based indicator called "eco-costs" is
expressed in terms of euros per kg material: hidden
obligations or "costs that should be made to reduce
the [caused] environmental pollution and depletion"
(Ecocostsvalue, n.d. (a)). The total eco-costs consist

of the summation of eco-costs of human health (sum

/

global warming (sum of CO, and other greenhouse

of carcinogens, summer smog, fine dust), eco-
costs of ecosystems (sum of acidification,
eutrophication, ecotoxicity), eco-costs of
resource depletion (sum of abiotic depletion,

land-use, water, and land-fill), and eco-costs of

/ gases). (Ecocostsvalue, n.d. (a))

Thus,

carbon footprint of a product but also other equally-

eco-costs not only take into account the
important burdens a product life cycle might cause.
Furthermore, the environmental impact is expressed
in euros that could be invested to reduce the
caused environmental impact, which is a better
conceivable value than kg CO, equivalent.
Therefore, eco-costs are chosen to be used to
express the results in the LCA.

45



2.3.4.2 Results Fast-track LCA
Based on the results from the Fast-track LCA, the
following can be concluded:

Impact per stage
Figure 36 shows that the largest product life cycle stage

impact in percentage of the Greentom Classic it that
of the Material stage and the Production stage, rather
than the Transport or End-of-Life. Therefore, it is wise
to focus on reducing the impact of especially those two
stages.

However, it should be noted that the End-of-Life stage
cannot be disregarded, even though the impact of the
End-of-Life stage seems to be low. The reason for the
seemingly low impact is because the LCA excludes
recycled materials from the End-of-Life stage in its
analysis, to avoid an unjust 'double-positive' effect
when a recycled material would again be recycled is
evaded. However this would be logical for a cradle-to-
grave product, it means that the LCA is not well suitable
for analysing the impact of circular systems, but that
it is important to do take the End-of-Life scenario of
recycled materials into account to ensure a sustainable
product.

Impact of each stage in percentage of total eco-costs

500 52%
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Figure 36 - Impact of each product life cycle stage

Material stage impact
Regarding the material stage impact, Figure 37 shows

that rPP (91% of the Chassis weight being the main
material) and rPET (55% of the Classic Seat weight being
the main material) have the same relatively low impact
per kg material compared to the other used materials
in the Greentom Classic. Furthermore, the figure shows
that many materials have a higher impact per kg material
than rPP and rPET whilst also significantly contributing
as impactful Chassis material (as shown in Figure 38) or
impactful Classic Seat material (as shown in Figure 39).

Eco-costs per kg material
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Figure 37 - Impact per kg material used in the Greentom Classic

Impact of each material type in percentage of the
total eco-costs - CHASSIS
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m Stainless Steel (secondary)
Ecopaxx (Bio-based PA)

= Nylon (PA)

u Steel (secondary)

u Silicone

Figure 38 - Impact of each material in the Chassis

Impact of each material type in percentage of the
total eco-costs - CLASSIC SEAT
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Figure 39 - Impact of each material in the Classic Seat
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These materials that have a higher impact per kg
material than the main materials rPP and rPET could
be substituted for a less impactful, recyclable material
from a recycled source. Therefore, it is concluded that
EVA which is used as the tyre material (8% of the total
Chassis eco-costs), PP which is used in parts of the
Classic Seat (27% of the total Classic Seat eco-costs),
Aluminium which is used inside the recline lock (5% of
the total Classic Seat eco-costs), Nylon which is the
material of the velcro (4% of the total Classic Seat eco-
costs), and PU foam which is used as the cushioning
material (4% of the total Classic Seat eco-costs) can be
substituted for a different, more sustainable material if
possible.

Lastly, it is concluded that materials to look into as
possible suitable materials are Steel (secondary) and
Stainless Steel (secondary). Figure 37 shows that Steel
(secondary) as well as Stainless Steel (secondary) have
the lowest relative environmental impact per kg. Even if
secondary steel might not be available as a material for
production, then the average market mix steel still has a
relatively low impact per kg, being 0.68 €/kg (Vogtlander,
2015), making it a possible suitable material.

It should be noted the price and material properties are
to be taken into account when considering alternative
materials. Therefore, Section 2.3.6 further compares
possible suitable materials based on these results.

Production stage impact

Regarding production stage impact, Figure 40 shows
that spinning, texturing, and weaving the textile has a
relatively large impact per kg produced material which
is almost twice as high compared to the impact per kg
produced material for injection moulding, whilst both
production processes also account for the largest
percentage of total production impact as seen in Figure
41. Since zinc plating accounts for less than 0.05% of
the production impact of the Greentom Classic, it can
be concluded that the amount of needed textile may
be kept to a minimum when designing for it, whilst not
compensating for functionality.

Impact per kg material per production type
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Figure 40 - Impact per kg produced material per production type

Production impact in percentage of the total eco-
costs
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Figure 41 - Impact of each production process in the Greentom Classic
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Transportation stage impact

Regarding the transportation stage, it can be concluded
that a Truck + container (28 tons) has a higher impact
per tkm than a container ship (see Confidential
Appendix CA2.3). Therefore, when trucks are needed
for transportation, the Hand Cart can best be designed
in such a way that it occupies as less space to fit more

products per truck.

It should be noted that a different end-of-life scenario
with a take-back system instead of cradle-to-grave
scenario will also mean that the transportation impact
will be built up differently.

End-of-Life stage impact

Even though a small percentage of the Greentom
Classic materials are from a non-recycled source, the
environmental burden of the materials could be further
reduced by substituting virgin materials with those that
are recyclable, of a recycled source, and have eco-costs

equal or lower than that the substituted material.

The future take-back systemis promisingwhenit ensures
that materials can be reused instead of incinerated. Even
though metals are recovered after municipal incineration
for recycling, this percentage is only 20% in the case of
aluminium. (Biganzoli & Grosso, 2013) Therefore, it is
assumed that all material recovery, including metal, will
be higher with a right take-back system in place than
after incineration with municipal waste.

End-of-life impact (in eco-costs)
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Figure 42 - End-of-Life impact of virgin materials

2.3.5 Future environmental impact
A future take-back and remanufacturing/refurbishment
system having higher eco-costs (for example due to
increased transportation and/or production impact)
than the current linear, cradle-to-incineration system
would of course not be desirable for Greentom or the
environment. Therefore, to see if the future take-back
system is environmentally beneficial compared to the
current system, the product's life cycle impact of the
current and future system is compared in terms of eco-
costs. To do so, the calculated eco-costs of the current
situation (Confidential Appendix CA2.2) are used as a
base for calculating the future impact of the product
in a refurbishment end-of-life scenario (not yet with
alternative materials implemented, as these are selected
in the next section(!)). The results of the comparison
are used as an indication for the probable reduction
of environmental impact in a refurbishment end-of-life
scenario of a similar product, the Greentom Hand Cart.

The future refurbishment scenario is defined as three

possible situations.

1. Best-case scenario: 90% of products get returned
and both the textiles and chassis get 80%
refurbished. 20% gets (chemically) recycled.

2. 90% of products get returned and 80% of the
chassis get refurbished. 100% of the textiles gets
incinerated and 20% of the chassis get recycled.

3. Worst-case scenario: 50% of products get returned
and 50% of the chassis get refurbished. 100% of the
textiles get incinerated and 50% of the chassis get

recycled.

For the calculation of the impact in future scenarios, it
is assumed that:

e Since refurbished parts are sourced from collected
products, the percentage refurbished rPP and/or
rPET expressed in kg material is subtracted from the
material, production, and transport stage impact.

e Production methods for refurbishment are added to
the LCA with their impact, being the application of
heat with a heat gun to aesthetically damaged parts.

o The transport from customers to Greentom is
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added to the LCA with the impact of 350 km (return
scenario in the Netherlands) with a truck + trailer.
e The end-of-life scenarios for other materials than

virgin materials is not taken into account due to the

limitations of the LCA for circular scenarios.

Figure 43 shows the impact of the product life cycle
stages for the current scenario and for the future

refurbishment scenario. The figure concludes that the
future system with a refurbished Greentom Classic has a

50% lower impact on average than the current scenario.
Figure 44 shows that the worst-case scenario also has
a lower environmental impact than the current scenario.
Thus, the new, future system is attractive for Greentom,
if costs to implement the system are lower than the
gained costs in a refurbishment system (calculated in
Confidential Appendix CA7). Confidential Appendix
CA2.3 shows the calculation method and the LCA of the

Greentom Classic in this future scenario.

Current situation Future situation
(simplified) Best case: Situation 1 Situation 2 Worst case: Situation 3
il"’ 'l_, ll'*’ 'I'-"
Vo0 00 ¥ 0% 080 ¥ 0% O8O Vo O8O
incinerated incinerated 90% incinerated 90% incinerated 50%
collected collected collected
recycled ycled ycled
e I N I I
98 0 93 0 @8 0
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80% 80% 80% 50%
refurbished refurbished | refurbished refurbished
9 .. e .| e
20% 'v 0% | 0% ' o ' 100 |
new new new new new new
chassis O(fo textile chassis 0 O textile chassis Q) O textile
refurbished refurbished refurbished
Total impact: Total impact: Reduction: Total impact: Reduction: Total impact: Reduction:
€9.30 (eco-costs) €3.56 (eco-costs) -62% €4.65 (eco-costs) -50% €7.69 (eco-costs) -17%
or 40.83 kg CO, eq. or 14.54 kg CO, eq. -64% or 20.03 kg CO, eq. -51% or 33.61kg CO, eq. -18%

Figure 43 - Environmental impact in eco-costs of the Greentom Classic in its current system and in the defined future system

52%

5.00

400

3.00

2.00

Eco-costsin €

1.00

0.00

-1.00

32%

I 27%
17%
P

55%

Situation 1

® Material m Production

49%

15%
1%

Situation 2
m Transport ® End-of-Life

Figure 44 - Eco-costs of Greentom Classic in current system

Impact of each stage of total eco-costs (future system: combined)

49%

35%

15%

.
‘ 1%

Situation 3

49




2.3.6 Material Selection

In the previous section, a new, future, environmentally
beneficial take-back system with a suitable end-of-life
for the rigid chassis parts and the textile part of the
Greentom Hand Cart is established. Furthermore, it is
concluded in Section 2.3.4.2 which materials may be
substituted for a different, more sustainable material
if possible. This section compares possibly suitable
materials based to use in the Greentom Hand Cart.

2.3.6.1 Greentom's current rPP supplier
Most plastics are downcycled, making plastic granulate
from a downcycled source less attractive due to their

worsened properties and aesthetics.

However, Quality Circular Polymers (QCP), Greentom's
partner for its rPP plastic granulate produces plastic
granulates that, on the contrary, can be used in high-
end application. This is possible since they claim to use
"the latest technological and in-house innovation in the
field of [plastic grade] recipe development, extrusion,

and purification technology", making their material an
attractive recycled alternative for high-end applications
to virgin plastics. (QCPolymers, n.d.)

Currently, QCP produces r(HD)PE and rPP granulates
from sorted post-consumer waste provided by SUEZ,
the Rotterdam-based plastic sorting and resource
management company. Not only is QCP able to produce
recycled granulate suitable for high-end applications,
but, they can tweak the granulate recipe to company
specification. Regarding aesthetics, QCP is able to make
fully white recycled granulate without compromising on
the recycled content by selecting white only sorted post-
consumer plastic flakes, on the initiative of Greentom.
(QCPolymers, n.d. b; Sittardgeleen, 2018)

This makes their recycled plastic granulate both

a suitable, aesthetically pleasing, and sustainable
recycled source material, possible for Greentom carts

transporting children.
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2.3.6.2 Chassis

Itis concludedin Section 2.3.4.2 that EVA, PP, Aluminium,
Nylon, and PU foam are best to be substituted for those
materials suitable for the same application that are
recyclable, of a recycled source, and having the same or
lower environmental impact as rPP and rPET to serve as
a better example of possible materials for the Greentom
Hand Cart.

In the case of the Chassis of the Hand Cart, it can thus
be evaluated for which materials those with a higher
environmental impact such as EVA (for the tyres) may
be substituted, yet also whether the currently used
rPP is the best suitable material, and whether materials
that have a lower or equal environmental impact such
as Stainless Steel (sec.) and Steel (average trade mix)
(See
Section 2.3.6.4 for an indication of alternatives for EVA).

could be suitable alternative main materials.

To do so, a list of possible suitable materials is made with
the help of the material and process database software
CES EduPack. A comparison is done by plotting the
materials' yield strength and costs against each other

on a grid. 'Yield strength', since the material should

ensure resisting an equal or greater amount of stress
for the same thickness compared to the currently used
rPP grade before the material would plastically deform.
'Costs', since the material should preferably cost less
than the currently used rPP grade in order to stay true to
one of the product requirements being that the product
"should be affordable" (see Section 2.4).

Next, the materials are narrowed down by eliminating
those not fitting further criteria. Further criteria that the
materials should comply with are that the material should
be recyclable. The material should be suitable to use
in (fresh) water, the material should be suitable to use
in soil (clay), and the could not be brittle (glass) which
would all not be suitable for applications in a hand cart
used outside. This resulted in the plot as shown in Figure
45 which shows a narrowed down selection of possibly
suitable materials for the chassis, excluding materials
such as low alloy steel, starch-based thermoplastics
(TPS), Cellulose polymers (CA), and Polylactide (PLA).
Appendix A12 gives a detailed description of the material
elimination process.

Age-hardening wrought Al-alloys _|

Cast Al-alloys
—

i H Stainless steel 4
Zinc die-casting alloys b

. Wrought magnesium alloys

Non age-hardening wrought Al-alloys —

. Cast magnesium alloys

Commercially pure zinc

Polycarbonate (PC)

Polyethylene terephthalate (PET) -

Polyvinylchloride (tpPVC)

L Polyamides (Nylons, PA)

L Polymethyl methacrylate (Acrylic

Yield strength (elastic limit) (MPa)

Acrylonitrile butadiene sn‘/rene (ABS

= Polyoxymethylene (Acetal, POM)
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Polypropylene (PP
Polystyrene (PS)

.— Polyethylene (PE) |
20 . -
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Figure 45 - Global comparison materials for Chassis after added criteria. CES EduPack (2018)
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Next, this selection is further narrowed down by defining
unsuitable materials, discussed in detail in Appendix
A12.1. Only recycled variants are shown, since it is
concluded in Section 2.3.4.2 that the materials should
not only be recyclable but also from a recycled source
to have a reduced environmental impact. The narrowed
down selection of materials are each evaluated on their
eco-costs (Figure 46), density (Figure 47), and price
(Figure 48).

It can be concluded from Figure 46 and Figure 47 that
all indicated materials with lower eco-costs than rPP
also have higher densities. Furthermore, all material
types except for ABS, PS, and PE also have higher
yield strengths than rPP (as shown in Figure 45), which
means that, in combination with a high Young's modulus
yet relatively low density, they could achieve the same
strength as rPP but with a thinner wall thickness,

reducing weight and costs of that material.

Regarding stainless steel and magnesium, extruding
these materials as tubes with a thinner wall-thickness
could make the structure light, inexpensive, and have
lower eco-costs compared to rPP. However, since this
would also result in a product with an entire different
distinctive form family, and casting the metals in more
organic forms is a much more complex and time-
intensive than the current chassis blow-mould plastic
injection process, it is concluded that these materials
would not be suitable for the chassis of the Greentom
Hand Cart.

It is concluded that rPP remains the best material for
the chassis of the Greentom Hand Cart due to having
the lowest costs (as shown in Figure 48), lowest
density (as shown in Figure 47), although highest
eco-costs compared to the other materials (as shown
in Figure 46). Furthermore, straight stainless steel
or magnesium tubes would not fit the Greentom form
family, rPET -although the least expensive material as
shown in Figure 48- is not suitable for structural beam
applications as it is typically used as film, fittings,
tapes, containers, or ovenproof cookwares, assumingly
due to cheaper producibility related to a lower needed

Environmental impact of possible
materials for Chassis
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Figure 46 - Carbon footprint of selected Chassis materials (Idemat,
2015)
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Figure 47 - Mean material density of selected Chassis materials (CES
EduPack, 2018)
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Figure 48 - Mean material price of selected Chassis materials (CES
EduPack, 2018)

melting temperature (CES 2019), and other materials
with lower eco-costs but higher yield strength as in the
case of POM, PMMA, Nylon (PA) and PC would have
a higher weight and costs if they would not achieve a
significantly thinner wall thickness compared to rPP
beams. Furthermore, it should be kept in mind that the
collaboration with QCP shows many benefits such as
achieving white recycled material colour, local materials,
to specification,

and material that other recycled

granulate providers might not have.
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2.3.6.3 Textiles

In the case of the Textile of the Hand Cart, it can be
evaluated for which materials those with a higher
environmental impact such as PU (for the cushioning)
could be substituted thatare alsorecyclable, of arecycled
source, and have the same or lower environmental
impact than rPET, but also whether the currently used
rPET is the best suitable material compared to other
possibly suitable materials. (See Section 2.3.6.4 for an

indication of an alternative for PU.)

Suitable alternatives to rPET textile would best be
from a recycled or renewable source, and could be
recyclable or alternatively compostable (which is better
than incineration although loses potential value capture
(Dr. ir.
communication, 2019). Since mechanical recycling of

compared to recycling Bouwhuis, personal
textile results in low-quality textile, unless mixed with
80% virgin fibre (Payne, A, 2015), chemically recycled
textile is concluded to be more suitable for woven textile
applications due to being able to achieve a quality close
to its original feed properties opposed to mechanical
recycling. (Shen, Worrell, & Patel, 2010. Even though
chemical recycling has a twice as big carbon footprint
compared to mechanical recycling (see Appendix
A11.2), it is assumed that it has lower eco-costs due to

eliminating material depletion.

Therefore, possible materials that are compared with
rPET textile (recyclable and sourced from recycled
post-consumer PET bottles) are: Tencel Austria textile
(a biodegradable and compostable textile made out of
dissolved pulp from cellulose from certified renewable
forests while managing a closed-loop recycling of the
used chemicals during production 2019;
Tencel, 2018; Lenzing AG, n.d.; Lenzing Group, 2019
[VIDEQ])), and SaXcell textile (a chemically recyclable

(Lenzing,

material made out of chemically recycled post-consumer
cotton (Huijerman, A.,2018; Boer group
solutions, 2019; Oelerig, J., 2016; Dr. ir.
personal communication, 2019. See Appendix A11.2 for

recycling
Bouwhuis,

further details regarding these selected materials and
their processing.

Environmental Impact

Based on the combined results as discussed in Appendix
A12.2 regarding Tencel Austria, rPET, and SaXcell, Figure
49 is created showing their carbon footprint and eco-
costs. Apart from these materials, added materials in
the comparison to act as a reference are rCA (cellulose
acetate which like Tencel Austria and Lenzing Viscose
Asia is a cellulose-based material), virgin BioCotton
(since this is the base of SaXcell material), and Lenzing
Viscose Asia (which SaXcell CEO and textile technology
expert Dr. ir. Gerrit Bouwman assumingly weighed
SaXcell up against.

It is important to note that these numbers show the
carbon footprint of the materials up to fibre, but not
up to textile. The carbon footprint of rCA, rPET, and
BioCotton is that of the recycled material itself before
being turned into fibre.

Environmental impact materials selected for textile
(in eco-costs and carbon footprint)
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Figure 49 - Environmental impact of selected material and reference

It is concluded, based on Figure 49, that no good
estimation could be made on which type of material,
be it Tencel Austria or SaXcell, would be best for the
environment compared to rPET. This is due to having
only data regarding the carbon footprint being available.
However, for a true indication of the environmental
impact of the materials data regarding their eco-costs
are needed to show the entire burden of the material in
terms of impact on human health, ecosystems, resource
depletion, and global warming of which the carbon

footprint in kg CO, equ./kg is part of.

To still be able to well compare the materials, other
different properties are compared, including water

absorption and costs.
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Water absorption

An important material property that is taken into
account in the comparison of the materials is the water
(rCotton),
and Tencel (Austria). Figure 50 shows a graph referenced
by (Lorpen, 2019) and (Lenzing fibres, 2005). The figure

shows that Tencel absorbs 12 times as much water as

absorption of the rPET (Polyester), SaXcell

polyester, and cotton absorbs 3 times as much water as
polyester (rPET).

30%

NN
L 8
=S R-N

Moisture (Vapour)

10%

Polyester Cotton Wool TENCEL

Textile (dry)

Figure 50 - Increase of moisture in a textile when the textile is moved
from a relative humidity of 65% to a relative humidity of 100%. The
moisture refers to the weight of the dry textile.(Lorpen, 2019) (Lenzing
fibres, 2005)

It is concluded from Figure 50 that Tencel (Austria)
shows to be unsuitable for applications of the hand cart
in a moist environment or under rain, since the material
would have to dry 12 times longer than polyester (rPET).
Cotton (SaXcell) would have to dry 3 times as long as
polyester, making it also less suitable for the hand cart
than rPET textile.

Costs

Since no partnership had thus far been found by
Greentom to chemically recycle rPET textile after use
(when refurbishing is not possible), SaXcell textile
could be a good alternative since a local and circular
partnership is possible. Whether the benefit of this
partnership weighs up to the material drying three times
as long as rPET textile could be evaluated by comparing

the costs of the materials.

According to Dr. ir. Bouwhuis, SaXcell textile has similar
costs to Tencel (assumed to be Lenzing Viscose Asia
(Figure 49), as mentioned in Appendix A12.2). Virgin
cotton has half the price of SaXcell or Tencel. The
relative costs of rPET textile to these materials could not

be defined since rPET prices differ heavily per producer.

It should be noted that chemically recycling textile
suitable for the process into re-usable fibres would only
be cost-effective starting at 10.000 tonnes of the same
material (Dr. ir. Bouwhuis, personal communication,
2019), which is an unachievable amount of textile to
produce for Greentom individually. Therefore, a local
chemical recycling partner producing and chemically
recycling the same type of textile is best to be consulted

to do so cost-effectively. (Greenblue, 2017)

It is concluded that, since the price ration between rPET
and SaXcell is unknown, no conclusion could be made
on whether SaXcell would be a better alternative to rPET
textile regarding its costs. Therefore, since both SaXcell
textile and rPET material would have to be chemically
recycled, but SaXcell absorbs three times as much water
as rPET, it is wise to keep rPET as the textile material
and to continue searching for local chemical recycling
partners to recycle the rPET with into new rPET fibre.
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2.3.6.4 Indications - Tyres and cushioning
Tyre material

As indicated in Section 2.3.4.2, the materials that are
best to be substituted due to having higher eco-costs
than rPP is EVA foam, used as the material for the tyres.

EVA foam can be recycled into new foam, but is
essentially downcycled, comprised of multiple shredded
foam parts (such as is also done with PU foam as
seen in Figure 51), rather than recycled into a uniform
foam usable for the same original application as a tyre
(Intcorecycling, 2015). As also is concluded that a
Greentom tyre cannot be refurbished after functional
degradation (Section 2.3.3), a material for the tyres may
be used from a recycled source which can be recycled
into a part with the same functionality, which is important
to be researched further.

Cushioning
As indicated in Section 2.3.4.2, the material that is best
to be substituted due to having higher eco-costs than

rPET is PU foam, used as the cushioning in the seat.

Since the cushioning cannot be refurbished due to
emotional and hygienic reasons (Section 2.3.3), the
cushioning can best be recycled. Thermoplastic PUs can
be recycled, thermosetting PUs cannot. (CES EduPack,
2018) Thermoset PU foam is the most commonly
encountered foam (Ebnesajjad, S., 2014), and assumed
to be used in the Classic Seat. Therefore, the material
is not recyclable and may be substituted for a material
which is recyclable, from a recycled source, and has
similar or lower eco-costs to rPET.

Possible alternatives to PU foam are compostable foams
such as 'Growfoam' made of Polyhydroxyalkanoate (PHA)
natural foam by Foamplant produced in the Netherlands
(Figure 52) (Foamplant, 2018), and 100% recyclable
foam such as 'Plusfoam' produced in Germany (Figure
53), which is a petrochemical based classified foam
(Aroyan, 2014). However, in order to conclude whether
these materials have favourable eco-costs and attractive
costs compared to PU foam, further research on these

indications is important to do.

FiguFe 5‘i - Downcycled PU foam (Contractoptios, n.d.)

Figure 52 - Biodegradable 'Growfoam' used to cultivate seedlings
(Agro-chemie, 2019)

Figure 53 - Plusfoam - recyclable foam (Aroyan, 2014)
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2.3.7 Conclusion Sustainability
Itis concluded from Greentom's current linear system, in
which 98% of its products get incinerated as household
waste, that it is wise to change this system into a
circular one, incentifying the return after use by offering
a compensation for sending back the product free-of-
charge.

After subjecting the Greentom Classic -similar in its build
to the future Greentom Hand Cart- to the Circularity
Calculator tool, it is concluded that the preferred
end-of-lives for the Greentom Hand Cart parts are: 1)
refurbishment/remanufacturing for the Chassis and
the Textile where only aesthetic wear is present (Figure
54), 2) closed-loop recycling for the Chassis where
refurbishment is not possible due to functional break or
wear (Figure 54), 3) chemical recycling for the Textile
where refurbishment is not possible due to irreparable
signs of exterior wear, 4) closed-loop recycling for the
tyres since they are assumed to be too functionally
worn after use to be refurbished/remanufactured,
and 5) recycling or composting for the cushioning
inside the textile since it is assumed not to be suitable
for refurbishment/remanufacturing after use due to
emotional reasons and reasons of hygiene.

In the best-case scenario in which 90% of the products
are collected and 80% of the chassis and textile is
refurbished, it is calculated that a product with this
circular system for a second product life cycle results
in 62% lower eco-costs and 64% lower carbon footprint
and a value capture of 71%%€, or respectively 50% and
51% if only 80% of the chassis and not the textile gets
refurbished. Furthermore, in terms of economic costs,
it is calculated that 97% of the total product value
could potentially be captured with this circular system.
However, further research in the additional economic
costs of the new investments for the circular system is
important to do.

The Fast-track Life Cycle Analysis on the Greentom
Classic concludes that rPP and rPET are one of the
least impactful materials inside the product apart
from Stainless Steel (secondary) and Steel (average

market mix). After a thorough comparison of suitable
main materials for the Chassis and the Textile, it is
concluded that rPP remains the best suitable material
for the Chassis of the Greentom Hand Cart and rPET
textile remains the best suitable material for the textile.
Alternative, more sustainable materials for the tyres,
cushioning, and velcro may be defined with additional
research, but shows that possible closed-loop recyclable

or compostable materials are available.

Figure 54 - A refurbishable part showing scratches as aesthetic wear
(Keijsers, 2013)

Figure 55 - A part unsuitable for refurbishment, showing functional
breakage (ProvideYourOwn, n.d.)
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2.4 Conclusions - Research

Based on the conclusions of each of the research topics (Section 2.1, 2.2, and 2.3), the following combined list of
requirements and wishes is created. This list will serve as a checklist for concepts to comply to and to evaluate

concepts with. See Appendix A13 for the full list of requirements and wishes.

Design Requirements
The product should be suitable for parents with up to three children:
e The product should be compact (when folded).
o Fitting the trunk of an average car.
e The product should have a large inner volume to fit up to three 6-year-old children.
e The product should be comfortable for passengers.
o The product should have an integrated plate or cushioning to make the support structure more comfortable.
e The product should be safe.
o The product should comply with safety norm EN 1888-parts 1 and 2 if a push bar would be added, requiring
safety straps, a hand brake or foot brake.
o The product should have a support structure underneath the textile to support the weight of the content/
children.
o The product should not be able to tip over during use by placing four wheels outside the border where

external forces could act on.

The product should be easy to use:
o The product should steer well/be well manoeuvrable
o The product should have big, broad wheels to be suitable for the beach, comparable in size to the largest
existing hand cart wheels of competing, foldable hand carts.
o The product should have a push bar.
» This requires less force than a pull bar, allows a view on the content/children, is better for the posture, and
enables the cart to stay in the middle instead of on the side of the user. Due to these reasons, another
benefit is that users might also use the hand cart in more crowded areas such as the town/village, or at a
festival, or on rougher terrain such as the forest or park.
o The product should have its stationary wheels at the near side of the user when pushing and on the far side
when pulling.
o The product should be able to be lifted by a user with average strength for transport.
e The product should not contain any small loose parts to prevent users from losing them.
o The product's (un)folding steps should be understandable for the user and executed without problem after

explaining the steps once.

The product should be sustainable:
e The product should encourage customers to send it back to Greentom at its end-of-life to let it re-enter a
circular product flow.
e The product should, at its end-of-life be suitable for remanufactured/refurbished, and (closed-loop) recycled

where refurbishment is not anymore possible.
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e The product chassis should be made out of high quality, >80% recycled PP. The product textile should be made

out of rPET. The remaining parts should be made out of materials from a recycled source which are also (closed-

loop) recyclable.

The product should be affordable:

The product should have a selling price of up to €250.

The product should be attractive/aesthetically pleasing:

The product should be innovative in style.

Wishes

The product could have the possibility to attach a car seat.

The product could have extra storing compartments.

The product could have detachable textile (for easy cleaning).

The product could have breaks to use the hand cart on slopes.

The product could have the possibility to attach sun/rain protection.

The product could be able to stand by itself when folded (to save occupied space).

The product could have wheels that move together with a pull bar.
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In this chapter

3.1 Form family
3.2 Product Style
3.2 Product Style i
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3.5 Five Product Ideas




During the ideation phase, my goal is to select promising ideas. These ideas will then be further developed and
evaluated during the conceptualization phase (Chapter 4).

esired form family, product style, ideas to reduce costs, first product sketches, and five



3.1 Form family

To make the Greentom Hand Cart a distinctive Greentom
product, it may comply with the recognizable form of
the Greentom brand, consequently triggering the same
intended emotional experience the form family conveys
(Core Jr., 2009). Therefore, the form characteristics of
the current Greentom products as seen in Figure 56 are
analysed after which a form family collage is made, as
seen in Figure 57, to communicate the interpreted form
family characteristics.

Figure 56 - Greentom products

The collage in Figure 57 shows product forms with
straight lines, soft bendings where needed for function,
and a recognizable circular element its bottom half
exposed at the joint. The form is kept simple with a
form-follows-function attitude and looks spotless and
clean. The colours are simple, soft, and not superfluous.
The chassis distinguishes itself as a sturdy and safe
frame protecting the soft textile it surrounds. Keywords
derived from the form family collage are: simple/no-

nonsense, kind/caring/environmental friendly, and safe.
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Figure 57 - Form family collage

Furthermore, just like with the Greentom Classic, the for users to use these accessories in both the Greentom
Greentom Hand Cart may also enable users to attach  hand cart and the Greentom strollers. Therefore, if the
existing Greentom accessories onto the hand cart, such  Greentom Hand Cart fits the defined Greentom form
as the Greentom Reversible, Greentom Car Seat, and family, it will ensure that the accessories will visually fit
the Greentom Carrycot (see Figure 58) to make it easy the Greentom Hand Cart as well.

Figure 58 - Greentom interchangeable accessories: the Greentom Car Seat, the Greentom Carrycot, and the Greentom Reversible
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3.2 Product Style

Apart from being part of the Greentom form family, the hand cart can also have its own, individual style within this

form family to help it stand out attractively from other hand carts. Therefore, the individual Greentom Hand Cart

style is defined in this section.

The individual hand cart style is defined by creating distinctive product-style keywords for the hand cart which

also fit the Greentom form family characteristics (see previous section). These keywords are then expressed in

collages to 1) set a basis for the symbolic form which can be translated in additional form characteristics within

the product, and 2) express the emotion they contain which should be evoked within users by means of these form

characteristics while keeping the form family characteristics in mind.

Four individual Greentom Hand Cart style keywords are defined, which are the following:

Care

Care, which is the same keyword as used in the
form family, expresses a form that provides a safe
rest and

environment, protecting passengers for

relaxation. (See Figure 59)

B ¢
Figure 59 - Collage expressing care
Proudness

Proudness, which fits the form family keyword 'simple/
no-nonsense' and 'environmentally friendly', expresses
a 'chest-forward and head-up' like form which can be
expressed in the chassis form: a hand cart to-be-seen.
(See Figure 60)

Figure 60 - Collage expressing proudness

Strength

Strength, which fits the form family keyword 'safety’,
is expressed as a robust (chassis) functioning
trustworthingly, calmly, and without doubt: immovable
when the breaks are engaged, and moving as soon as it

is desired. (See Figure 61)

Figure 61 - Collage expressing strengt
Controlled playfulness

Controlled playfulness, which fits the form family
keyword 'kind' and 'safety’, expresses an environment
which can be safely explored: enabling children to safely
peek out of the hand cart and interact with the parents,

other children, and the environment. (See Figure 62)

i et i < Y ,,: ,
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Figure 62 - Collage expressing playfulness in a controlled manner
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3.3 Ideas for Cost Reduction

It is concluded in Section 2.1.2 that the Greentom Hand
Cart should have a selling price between 100 and 250
euros. To ensure a production cost as low as possible,
there are three ways this could be done:

1. Using as few moulds as needed: By designing the
productin such a way that it needs the least different
parts and the least complex parts, not only less
(expensive) moulds are needed for the production
of those parts, but (dis)assembly time would also
be reduced. Therefore, designing a hand cart which
is simple in its design yet functional (easy to use),
-characteristics which are part of Greentom's
mission (Section 1.2.2)-, this consequently means
not only the reduction of tooling costs but also of
labour costs.

2. Using existing moulds: By reusing moulds that are
used for the Greentom Classic, such as the moulds
for the tyres, rims, fasteners, swivels, and caps, the
same produced parts can be used for the Greentom
Hand Cart, eliminating the need for producing
multiple new moulds. However, it is important to
ensure that these parts used in the Greentom
Classic are suitable for the Greentom Hand Cart.
Research on the suitability of the Greentom Classic
wheel sizes is done in Section 5.2.2.1.

Refurbishment/remanufacturing existing parts:
As concluded in Section 2.3.3, remanufacturing
the chassis as well as the textile of products
returned after use could lead to 97% of the total
product value (and therefore costs) potentially
being captured in an ideal hypothetical scenario,
since no new materials nor new production of the
parts are needed when producing the refurbished/
remanufactured product. The 3% of the captured
value that is lost lies in the assembly stage:
the product should be disassembled, cleaned,
refurbished, and reassembled again for testing
before being sold again. To ensure that the labour
costs for doing so remain low, the product is best
to be designed in such a way that (dis)assembly
can be done easily and quickly. (Read more about
design for (dis)assembly in Appendix A11.1).
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3.4 First Design Sketches

With the defined form family, hand cart style, and cost reduction solutions in mind, multiple first hand cart ideas are

generated in this section.

Figure 63 - Idea directions
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The hand cart ideas are generated by means of
several creative methods including brainwriting, PMI
Method (Plus, Minus, Interesting), image-associative
(See
Appendix A14). Figure 63 shows several of these ideas,

brainstorming, and structure model making
sketched in detail, with the textile in green, and the

chassis in red or yellow.

The ideas show iterations on the basic frame structure,
folding principle, push/pull bar design, and bottom
design. Those hand cart ideas that came out to be the
most promising idea directions based on these aspects
are concluded to be: idea number 10, 11, 12 (with the
handlebar idea from 7), 14, and 16. The next section
describes the benefits of these five idea directions.
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3.5 Five Product Ideas

Five idea directions are worked out into product ideas. 2. Figure 65 with idea direction 'Horizontals' shows a

These five idea directions are: The 'Threefold' (Figure hand cart with two horizontal frames, both folding
64), 'Horizontals' (Figure 65), the 'Twofold' (Figure 66), in the middle. This not only ensures that the hand
the 'Diagonal' (Figure 67), and the 'Combiner' (Figure cart remains standing upright when folded as the
68). wheels act as the support base, but also that the

bottom of the textile has a rigid border around it
Figure 64 with idea direction 'Threefold' shows a hand to be attached to securely, better supporting the
cart that can be folded in three, which means that it weight of the belongings.
could be folded up more compactly than other hand
carts. Furthermore, the hand cart has an integrated 3. Figure 66 with idea direction 'Twofold' shows a hand

push bar also acting as a frame when not in use which cart similar to 'Threefold', only folding in two, while
decreases the total amount of parts (and thus material also having one push bar that switches over into
use and costs). a pull bar when flipped. This two-in-one push bar

decreases the total amount of parts. Furthermore,
by having one joint instead of several for the beams
to pivot around, folding is more simple as it requires
fewer steps.

jdea * 1 jdea 42

. tu _ 1"\‘3

\,,l\e( S /

Figure 64 - Idea direction 1: "Threefold" Figure 65 - Idea direction 2: "Horizontals"
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Figure 67 with idea direction 'Diagonal' shows a hand
cart with a diagonal frame and a front that can be
lowered for easy entry of small children, eliminating
the need for parents to lift their child(ren) in and
out of the hand cart. Furthermore, the push bar
integrated in the front beam decreases the total
amount of parts. Additionally, the diagonal frame is
supported by two side rods which automatically are
put in place after (un)folding, increasing the rigidity
of the folding structure and ease of (un)folding.

Figure 68 with idea direction 'Combiner' shows a
hand cart that functions as an attachment to the
Greentom Classic, being able to fold together with
the folded Greentom Classic. This is a unique way to
integrate the extra space that the hand cart provides
in the Greentom Classic for existing customers. As
the existing Greentom Classic stroller as a push bar,
the need for a push bar is eliminated, decreasing
the total amount of needed parts.

Figure 66 - Idea direction 3: "Twofold"

Figure 68 - Idea direction 5: "Combiner"
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In this chapter, the five hand cart idea directions which have been developed during the Ideation phase will be further
explored in detail by concretizing two aspects, namely 1) the hand cart ergonomics: including its volume, dimensions,
wheel type configuration, and push/pull bar positioning, and 2) the hand cart construction: including the bottom
support structure, and the foldability and stability. These outcomes are used to create promising concepts. Finally,
these concepts will be evaluated against the selected requirements after which the most promising concept

is selected to continue with as the Greentom Hand Cart concept.
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4.1 Ergonomics & Construction

In this section, the main characteristics of the ideas within each idea direction have explored and concretized. The

aspects that will be further explored in detail within this section are the ergonomics of the hand cart -including the

dimensions, wheel configurations, and the positioning of the push/pull bar-, and the construction of the hand cart

-including the weight supporting bottom beams, and folding mechanisms. Conclusions regarding these aspects will

help develop detailed, comparable concepts.

4.1.1 Ergonomics

4.1.1.1 Volume and dimensions

To define the appropriate dimensions suitable for
families with up to three children, the anthropometric
database DINED is consulted.

By using the anthropometric data of children, the
dimensions is calculated for the hand cart, as visualized
in Figure 69. These dimensions ensure that up to three
up to six years old (of the 90th percentile in their
dimensions (P90)) can sit inside the hand cart: one in
the front and two in the back (see Figure 71). How much
room there is left for bags, depends on the number of
children and the size of the children. Therefore, two
six-year-old children inside the hand cart freely leave
enough room for bags, whereas three six-year-old

children tightly leave room for belongings. Appendix A15
shows the exact calculations of these dimensions and
DINED anthropometric data used.

Since users prefer a hand cart with a large volume
(see Section 2.4), the hand cart volume based on the
dimensions is compared to that of competing hand
carts, seen in Figure 70. (See Appendix A2 for the list of
competing hand carts) Based on this comparison, it is
concluded that the Greentom Hand Cart's inner volume
of 186 litres is relatively large and 1.5 times as large as
those of most competing hand carts, thus complying
with the users' needs.

Inner Inner
Dimensions Volume
(incm) (in ma) (in liters)
(Mean) (Mean)
Length Width Height *w*h
Greentom Hand Cart 109 46 37 0.19 186
Competing hand carts:
Beach Wagon Lite 85 50 32 0.14 136
Beachtrekker Life 75 52 32 0.12 125
MacWagon 80 42 25 0.08 84
Ulfbo 90 40 25 0.09 90
Eckla Bollerwagen 85 45 25 0.10 96
Coocarooc Breeze 110 57 33 0.21 207
Berger 94 50 27 0.13 127
Leggero Gogo 90 42 37 0.14 140
Keenz - Stroller Wagon 65 49 36 0.11 115
Travel & Co 90 47 34 0.14 144
Mean dimensions 86 47 31 0.13 126
competitors
% Greentom Hand Cart
to mean dimensions 126% 97%  121% 147% 147%
competitors

Figure 70 - Hand cart inner volume comparison

Figure 71 - Three-year-old P95 children sitting inside the dimensioned hand cart. From left to right: side view, front view, top view.
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4.1.1.2 Manoeuvrability - wheel configuration
As concluded in Section 2.4, users prefer a hand cart
that manoeuvres well. Not only the wheel type, but also
the wheel positioning, wheel type combination when
pushing or pulling, and the diameter of the wheels could
affect how well the cart manoeuvres (Al-eisawi et al.,
1999). Therefore, these factors are looked further into.

Several different wheel types are tried out using different
hand carts with 75kg inside to simulate the weight of
three P50 six-year-old children (DINED, 2017a). The
wheel types included: 1) 'swivel wheels' (Figure 72)
which turn independently from each other, 2) 'turning
wheels' (Figure 73) which move in the direction of the
pull bar, and 3) 'Ackermann' wheels (Figure 74) which
move in the direction of the pull bar but also have an
Ackermann-principle linkage between the wheels to
make them turn around the same point of rotation to
reduce tyre slippage (DataGenetics, 2016). Figure 75

shows a simplified illustration of the hand carts.

Figure 74 - Hand cart with Ackermann wheels: the Beachwagon Lite

Based on the try-out results as visualised in Table 2,
it can be concluded that swivel wheels are the best
front wheel types to use in a hand cart because they
can take sharper corners than other wheel types, and
because they allow for the hand cart to be both pushed
and pulled, which concludes to have multiple benefits in
Section 2.4.

Additionally, the retailer of the hand carts mentioned
swivel wheels can swing a bit restlessly during use and
can have difficulty in the case that a direction is changed
rapidly in certain positions, compared to those wheel
types that move together with the pull bar. (Retailer
interview as in A9) However, since swivel wheels are even
used with hand carts meant to support larger weights of
those of five children or more (Bolderkar-shop, 2019),
swivel wheels prove to be robust and comfortable to
push even with these twice larger weights, and therefore
having neglectable drawbacks for their benefits.

Lastly, it is confirmed that the Greentom hand cart
wheels are best to have a large diameter to allow for
better manoeuvrability. This is based on (Al-eisawi et al.,
1999) who state that the bigger the wheel size is, the
less force is needed to move the cart. The exact size of
these hand carts is researched in Section 5.2.2.1.

o0 @

Fixed Swivel
e |

Front

Fixed Turning

Back l

Fixed

Figure 75 - Comfortable wheel positionings and wheel types

Ackermann

Table 2 - Results when manoeuvring hand carts with fixed back wheels
and different front wheel types (such as in Figure 75)

Can be pushed Can be pulled Corner
Front wheel type
from A | fromB | from A | from B | radius
Swivel wheels v ~* ~* v v
Turning wheels X ¥ X v v
Ackermann wheels b4 ~* b 4 v v
» requires large side motion
«+ sharp turns possible
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4.1.1.3 Manoeuvrability - Push/pull bar

Section 2.4 shows that a push bar has many benefits
compared to a pull bar. But how could it be attached to
the hand cart? To find out, the position of the attachment
point and angle of the push/pull bar will be determined,
after which the length of the push/pull bar is determined
in Section 5.2.3.1, to ensure the best manoeuvrability.

The most favourable handlebar angles and attachment
point are those at which the least (vertical) normal
force (Nc) is generated during use -ensuring horizontal
movement of the hand cart with the least amount of
force applied. Calculations are done on two simplified
situations of the hand cart (as seen in Figure 76 and
Figure 77), in which the hand cart is represented as a box
with a gravitational force of the object (Fz), an opposing
force called the normal force (Nc), a friction force (F),
an applied force from the handlebar (P), the handlebar
angle (a), and dimensions: width (b) and height (h).

)Fé‘ ‘.'FZ h
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Figure 76 - Free body diagram of a "hand cart" pushed with force P
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Figure 77 - Free body diagram of a "hand cart" pulled with force P
The main formulas used in the calculations are:

F =P *cos(a)
Fmax = us * Nc

c

Nc =Fz-P *sin(a)=m *g - P *sin(a)
Thus, Fmax = us *(m *g - P *sin(a)) = P * cos(a)
As seen in the formulas (where us is static friction
coefficient), the height of the force under a same angle
does not influence the magnitude of friction force (F).

However, when pushing, the friction force (Fmax) of the
object is lower if the angle of the pushing force acts
more horizontally on the object, which will make it easier
to push the object forward. This can be seen in Figure
78. Therefore, a high attachment point on the hand cart
is preferred to ensure a smaller handlebar angle when
pushing the hand cart. Appendix A16 shows the used
calculations in full.

240

Fmax [in Newton]

0 10 20 30 :Eﬂdgyseﬂs] 60 70 80 90
Figure 78 - Fmax during pushing dependent on alpha
Furthermore, it is concluded that, when pulling, the
maximum friction force (Fmax) of the object is lower if
the angle of the pushing force acts more vertically on
the object, which will make it easier to pull the object
forward. This is because the vertical force component
of P (Py) helps reduce Nc. This can be seen in Figure 79.
Therefore, an angle close to but under 45° is preferred
to ensure a larger horizontal than vertical applied force

when pulling the hand cart.

Fmax [in Newton]

0 0 20 30 40 0 60 70 8 90
o [in degrees]
Figure 79 - Fmax during pulling dependent on alpha

Lastly, when comparing Fmax between Figure 78 and
Figure 79, it can be seen that if only one hand is used
both during pushing and pulling, then pulling will require
slightly less force. However, pushing the hand cart
will be easier than pulling the hand cart, based on the
assumption that users will likely pull the hand cart with
one hand, but push the hand cart with two (reducing the
needed force per hand by half).
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4.1.2 Construction

4.1.2.1 stiffness and deflection

The weight support beams underneath the structure
should be able to support the weight three children up
to six years old (a requirement as concluded in Section
2.4). Even though boards will be placed on top of the
beams for extra comfort (Section 2.4), the preferred
structure of these support beams is therefore calculated
to ensure that the weight is best supported.

To determine the preferred type of structure, two
structures are compared with each other, as seen in
Figure 80: one with the beams across the length, named
'Situation 1', and one with beams across the width, named
'Situation 2'. To simplify the calculations, a rectangular
cross-section is defined (height h and width b), whereas
the Greentom Classic has varying wall thicknesses due
to its parts being gas-aid injection moulded.

Situation 1

Situation 2

Figure 80 - Cross-section with two support beam types to be
compared

The calculations are done on a simplified situation (as
seen in Figure 81), in which the beam (both 'Situation 1,
and 'Situation 2') has an equally distributed weight (w),
running along length (l), and an opposing force called
normal force (Fn) at joint A and B. The force acting on
the beams is set to be equal to the weight of three six-
year-olds (P50) with a safety factor of 1.5, resulting in a
load of 103.5kg.

The main formulas used in the calculations are:
M

VEE«I

Where M = (Fn-w)*x and where

W=—%Xx
L

Therefore, as seen in the formulas (where v is vertical
deflection), the deflection is largest where M is the
largest, which is in the middle of the beam.

LT, y

Figure 81 - Free body diagram of a support beam
Based on these calculations which can be found in
full in Confidential Appendix CA5, it is concluded that
with a cross-section of 2 (b) by 3 (h) cm, the beams
in 'situation 1' have a maximum deflection of 29cm
whereas the beams in 'situation 2' have a maximum
deflection of 1.5 cm. Therefore, it is concluded that
shorter beams in the design are preferred to support the
same load since a deflection smaller than around 4 cmis
preferred to ensure the passengers' comfort as well as
avoid belongings to slide to the middle of the hand cart.
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4.1.2.2 Foldability and Stability

To evaluate the foldability and stability of the hand carts
of all selected idea directions and to improve those
aspects from these insights, 1:1-scale foldable structure
models are made of the chassis from each idea direction.

Each structure model is created as a quick model
out of PVC tubes to evaluate the volume of the hand
cart when folded (compactness), structural stability
when unfolded (support), push/pull design and folding
mechanism (ease of use), and overall design. Figure 82
to Figure 86 show the selected idea direction made into
these quick structure models. Table 3 shows a summary

of the evaluated aspects per structure model.

Regarding compactness, idea 1 - 'Threefold' (Figure 82)
is the most compact, being {1 x 63 x 46}cm instead of {1
x 63 x 68}cm. If the three-fold folding system works with
the weight support beams and wheels included, this
folding system will be of great benefit for compactness.

\7/-»/“\@

Figure 82 - The structure model of idea direction 1 - the 'Threefold'

Figure 84 - The structure model of idea direction 3 - the 'Twofold'

Regarding structural stability, idea 4 - 'Diagonal' (Figure
85) is the most structurally stable. This is due to the side
rod unfolding as support under the back top beam of the
structure. Furthermore, 'Diagonal' also has the support
bottom beams integrated into the structure, which show
drastic improvement in the structural stability and ease
of (un)folding, thus, proving the support beams to indeed
be a valuable addition to all hand carts to improve their

structural stability.

Regarding folding principles, 'Diagonal' shows that
the side rod for supporting the back top beam to
have another benefit: it automatically unfolds into a
supporting position, requiring no extra (un)folding
steps. Thus, opposed to placing supporting structures
in place by hand, solutions which automatically (un)fold
into place could be good to implement to improve the
ease of (un)folding. Furthermore, the addition of weight
support beams show an additional benefit: increasing
the ease of (un)folding as the structure automatically

folds when the beams are pulled upwards, and making it

Figure 85 - The structure model of idea direction 4 - the 'Diagonal’
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easy to understand the unfolding steps.

In conclusion, regarding overall design, the following is
concluded: The support bottom beams and side bars that
automatically unfold into position to support top beams
is favourable to implement to increase the hand cart's
structural stability and ease of (un)folding (reducing
folding steps and increasing the understandability of
the folding steps). Furthermore, promising results are
seen in the compactness of idea direction 1 - 'Threefold',

the collapsible entry of idea direction 4 - 'Diagonal’,
Figure 86 - The structure model of idea direction 5 - the 'Combiner’

and the folding mechanisms that let hand carts stand concept, instead of integrating it as part of the chassis

by themselves after folding due to the wheels moving beams
together after folding to form the standing base. Lastly,
since integrated push/pull beams in the frame are See Appendix A17 for the detailed insights from each

too short when folded upwards, it is concluded that a structure model.

separate push/pull bar can best be used in the future

Table 3 - Summary of evaluated aspects per structure model
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Idea 1 - 'Threefold' vV vl 06 x &9 WaAE
Idea 2 - 'Horizontals' v *1,2 _*6 \/*W ~*13,14

* *
Idea 3 - '"Twofold' v Vel _*6 v 1o '~ 13,14
Idea 4 - 'Diagonal’ v ~ 34 _*6 v 1o '~ *13,14,15,16
x *

Idea 5 - 'Combiner' v 14 _*6,7 %11 X 7

+1 Needs extra beam support and bottom structure for weight support.

+2 Side rods to be improved to prevent top and bottom beams from moving.

*3 Weight support structure in the bottom makes structure feel sturdy.

+4 Side rod supports beam well. (Additionally, however, for idea 4 extra beam support is needed for the front top beam.)

+5 Back beam serving as a push bar is too low when folded upwards, and makes legs touch the bottom beam: a separate push/pull bar is needed.
+6 Pushing the hand carts from the narrow side feels more unnatural than pushing the hand cart from the wider side.

*7 Will likely only be pushed.

+8 Folding steps might be confusing.

+*9 Would not be able to stand on its own when folded.

+10 Able to stand by itself when folded, due to the folding structure folding in half with the wheel locations supporting the structure at the bottom.
+11 Attachments are spiky, and bottom bars would rest against toddler when folded.

%12 Very compact.

+13 Push/pull bar may be added.

%14 Stands on its own when folded.

+15 Folding front beam down for easy entering looks promising

+16 Middle of the chassis sides are low, and let the textile above it hang loose.

+17 Pointy beams sticking out are dangerous and difficult to handle. Hand cart could be made both independent and dependant from the stroller.
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4.2 Concepts

By combining the conclusions from the research phase (Section 2.4), with the concluded form family, hand cart

style, and selected idea directions (Chapter 3), as well as with the newly gained insights regarding several aspects

regarding the hand carts within these idea directions (Section 4.1), three Greentom Hand Cart concepts are created.

During the course of this project, an intermediate step is performed between the concept phase and the ideation

phase. Appendix A18 shows these concepts and the selection of the concepts presented here. This section presents

and evaluates the concepts to conclude which Greentom Hand Cart concept will be further developed.

All three Greentom Hand Cart concepts can be folded
in two at their middle which allow the hand carts to
stand upright when folded, and have fixed back wheels
and front swivel wheels allowing the hand cart to be
both pushed and pulled comfortably. Furthermore, the
concepts allow a push/pull bar to be attached to the
front of the hand cart at the swivel wheels for pulling
or to be fixed in the back of the hand cart at the fixed

4.2.1 Concept 1-'Horizontals'
(Figure 87),
cart with horizontal top beams as well as horizontal

Concept 'Horizontals' shows a hand
bottom beams, providing the bottom of the textile with
a rigid border around it to be attached to securely.
Furthermore, contrary to the other two concepts, the
horizontal bottom beams allow the concept to have a
weight support structure consisting out of four short
beams, ensuring a bottom that deflects the least and

thus will support any weight well.

It is, however, the only concept that has to remain
symmetric in its construction for the folding mechanism
-which includes four identical diagonal side rods- to
work, limiting the aesthetic and stylistic possibilities.
To ensure structural stability, the front and back of the
hand cart include two plates that can be pushed into

position after unfolding.

wheels for pushing. Lastly, the insides of the top joints
of the hand carts also function as the position to insert
other Greentom interchangeable accessories, such
as the Greentom reversible, Greentom carrycot, or a
(Greentom) car seat.

The following sections (Section 4.2.1, 4.2.2, and 4.2.3)

present the unique aspects of each Hand Cart concept.

j//orizan fa[s

Figure 87 - Concept 'Horizontals'
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4.2.2 Concept 2 - 'Twofold'

Concept 'Twofold' (Figure 88), shows a hand cart
one joint for the beams to pivot around opposed to
concept 1 which has two, allowing for a more simple and
understandable folding of the hand cart.

Furthermore, two side plates can be seen in the front and
back of the hand cart, which each fold in half and click
into position after unfolding to support the top beams
at each side. The weight support structure consists of
two longer bottom beams that fold in one direction in

the middle.
7;/0 fa/l

Figure 88 - Concept 'Twofold'

4.2.3 Concept 3 - 'Diagonal’

Concept 'Diagonal' (Figure 89), shows a hand cart with
a front top beam that can be lowered for easy entry of
small children and which can be locked into position
when moved back up, eliminating the need for parents
to lift their child(ren) in and out of the hand cart. The
beam is supported by a front plate that folds in half and
clicks into position after unfolding.

Additionally, the back top beam is supported by two
side rods which automatically move into place after (un)
folding, increasing the rigidity of the folding structure
and ease of (un)folding.

Like the other concepts, the insides of the front top
beam are used to insert other Greentom interchangeable
accessories. However, since the beam slopes downwards
to the middle, the accessories lie lower inside the hand
cart after inserting them in position, leaving less space
than the other concepts inside the hand cart. The weight
support structure is identical to that of concept 2.

77 ona/

Figure 89 - Concept 'Diagonal’
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4.3 Concept evaluation

In order to choose which Greentom Hand Cart will be further developed, the concepts are evaluated by the degree

with which they comply with the requirements as defined in Section 2.4. By using a Harris profile, the relative strengths

and weaknesses of each concept are visually compared, and the concept scoring the best is chosen.

Two out of the main five requirements as defined in
Section 2.4 are equally complied with to the same degree
by the concepts. Therefore, since these requirements
would not impact the score of the concepts, they are left
out of the comparison, being: "The product should be
suitable for parents with up to three children", and "The

product should be sustainable".

The three out of five requirements to which the concepts
each comply with in different degrees, therefore suitable
as criteria for comparing the concepts, are the following:
1. "The product should be easy to use."

2. "The product should be affordable."

3. "The product should be attractive/aesthetically

To better evaluate each concept's degree of compliance
per requirement, two of these requirements are split up
into multiple measurable factors (shown in grey in Figure
90). Each of the criteria as seen in the figure is given a
score, for which the score of the latter two is calculated
by taking the mean score of the factors appropriate to
their criterion. '++' indicates that the concept complies
the

indicates that the concept complies, however, relatively

excellently with requirement/factor, and '+-'

poorly with the criterion or factor.
An overview of how these scores are calculated per

criterion can be found in Table 4. Appendix A19 gives
additional information on how the number of moulds and

pleasing." parts are calculated.
Criteria Concept 1-'Horizontals' Concept 2 - 'Twofold’ Concept 3 - 'Diagonal’

+- + 4+ ++F

+- + ++ A+ +- + ++ 44+

1. Easy to use
[Low # of folding steps]

2a. Affordable
[Low part complexity]

2b. Affordable
[Small part size]

2c. Affordable
[Low number of moulds]

3a. Aesthetically pleasing
[Simple design]

3b. Aesthetically pleasing
[Complying cart style]

3c. Aesthetically pleasing
[Unique design]

Figure 90 - Harris profile showing three criteria out of which two are split up into multiple factors (shown in grey)
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By taking the mean score of the factors that together
form criterion 2 and 3, which is done assigning a number
to each score (score 1 to +-, score 2 to +, score 3 to
++, and score 4 to +++) and dividing the additions by
three, the scores per requirement could be calculated
and visualised in the Harris profile in Figure 91.

The Harris profile shows that the concept with the most
coloured green blocks to the right is concluded to be
concept 3 - 'Diagonal'. This concept is concluded to

1) be the easiest to use as it requires the least folding
steps due to the supporting side rods automatically
folding into position, 2) be equally affordable compared
to the other concepts, requiring 10 non-complex,
medium-sized moulds for 11 parts, and 3) be the most
aesthetically pleasing design due to it looking relatively
simple, very unique compared to existing hand carts and
concepts, and the promising form freedom to be shaped
to the Greentom form family and defined hand cart style.
Thus, 'Diagonal' is chosen to be further developed.

Concept 1- 'Horizontals'
+++

Criteria
+- + ++

Concept 2 - 'Twofold’
+- + ++

Concept 3 - 'Diagonal’
4+

F++ +- + ++

1. Easy to use

2. Affordable

3. Aesthetically pleasing

Figure 91 - Harris profile showing three criteria with results that are combined from the factors from Figure 90

Table 4 - Overview of score calculation per creterion

Concept 1 - 'Horizontals'

Concept 2 - 'Twofold' Concept 3 - 'Diagonal’

1. Low # of folding steps + 4+ 3 steps *1

+ + 3 steps *2 + 4+ + 2 steps *3

2a. Low part complexity =+ Relatively complex *4

+ + <4 Not complex *5 + + <4 Not complex *5

2b. Small part size + 4+ Medium *6

<+ 4+ Medium *6 =+ 4+ Medium *6

+ + + 9 moulds *7

2c. Low number of moulds

=+ <4 10 moulds *8 =+ <4 10 moulds *9

3a. Simple design 4+ 4+ <+ Simple *70

+ 4+ <+ simple *70 + <+ Medium *77

3b. Complying hand cart style =+ Little form freedom *72

<+ <+ + Promising *13 =+ <+ + Promising *13

3c. Unique design =+ 4+ Unique *714

=4 — Not unique at first glance *15 4+ 4+ <+ Very Unique *716

*2

)
*3)

hoops, to attach the textile to, integrated as well.

cloth in the two latter hand carts.

vertical lines, apart from the cheap scissor-model hand carts.

*1) 1. The two top parts are unlocked. 2. The two bottom parts are unlocked. 3. While the bottom is pulled upwards, the beams fold in half.

1. The left top bar is pulled down. 2. Then the right top par is pulled down. 3. While the bottom is pulled upwards, the beams fold in half.

1. The left top part is unlocked. 2. While the bottom is pulled upwards, the bottom parts slide inwards by pressing down the top right beam.
*4) Concept 1 has relatively complex as the cross-directional bottom beams are integrated into the beams. Furthermore, the beams have small

*5) Concept 2 and 3 do not show any parts with many details or complex forms.

*6) All three concepts have beams of the same size as all concepts fold in half.

*7) Number of unique parts (excl wheels): 10 parts. Number of moulds: 9 moulds

*8) Number of unique parts (excl wheels): 10 parts. Number of moulds: 10 moulds

*9) Number of unique parts (excl wheels): 11 parts. Number of moulds: 10 moulds

*10) The concepts look simple in its design without unneeded extra details.

*11) Concept 3 looks a bit complex at first glance due to its unusual diagonal structure. However, for existing Greentom customers, the working
structure might look similar, and thus more understandable, to that of the Greentom stroller.

*12) The design of concept 1 (inclinations, curves, etc.) cannot be changed well to fit future style keywords, since the folding principle requires
the shape to stay symmetrical. This gives little form freedom to let the concept fit the Greentom form family and defined hand cart style.

*13) The design of the hand carts (inclinations, curves, etc.) can be changed to fit the Greentom form family style and defined hand cart style.
*14) None of the competing hand carts has a comparable design to concept 1, which makes this concept look unique.

*15) The design is similar to that of the Coocarooc Breeze and the NPK walking wagon even though the structural shape is hidden beneath a

*16) Compared to the other concepts and other analysed hand carts in the market, this concept is the only concept using non-horizontal or
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The goal of this chapter is to improve the design of the selected concept and then to evaluate the improved concept
with the target group.

The concept is first improved by making a 1:1-scale structure model to quickly pinpoint points of improvement. Next,
the concept's attributes are divided into 'satisfiers' and 'exciters' based on theory regarding customer satisfaction,
called the KANO theory, and further developed to ensure the customers' product satisfaction. Lastly, the improved
concept is built as a 1:1 functional prototype and tested with the target group to verify the concept design with the
target group.



5.1 Mock-up chosen concept

A 1:1-scale structure model is made to quickly pinpoint any points of improvement in the current concept by testing

out this model. These points of improvement are then being solved, resulting in a rapidly improved concept.

To pinpoint any points of improvement, a foldable
1:1-scale structure model is made with connected PVC
tubes as the chassis, masking tape for the textile, and
shaped foam attached with metal wire as wheels to

quickly simulate the concept.

When folding and unfolding the structure model, several

points of improvements are found, being the following:
1. Unequal bottom lengths

Textile triangle does not fold

Bottom textile not stretching around bottom beams

Uneven wheel height after folding

Side textile shears in the corner

Textile getting stuck in joints

Support beam sticking through textile

Side board unhandy

© ® Ny o ok D

Wheels pushed aside

—
©

Difficult to transport when folded

Firstly, it is found that the bottom beams stick out when
the structure model is being folded due to their unequal
lengths, which also prevents the hand cart wheels from
aligning in folded position, and the textile in the bottom
of the cart to fold around the bottom beams (see Figure
92). Furthermore, when adding the triangular part of
the textile at the top of the model, the connected textile
prevented the chassis to be folded at all (see Figure 93).

These points of improvement are solved by eliminating
the restraining triangular shape of the textile between
the chassis beams, and by making the bottom beams
equal in length to each other, as seen in the new
structure shape in Figure 94 (solving points 1, 2, 3, and
4).

Secondly, in the newly defined structure shape (as seen
in Figure 94c and recreated in Figure 95a), the textile in
the joint corners prevent the back of the structure from

Figure 92 - Bottom moves out of vertical plane due to unequal diagonal
bottom lengths (left). Wheels folding at unequal height due to unequal
diagonal beam lengths (right).

Figure 93 - Textile preventing model from folding

a)

Structure with top textile triangle preventing it from folding

Lengths with unequal bottom and diagonal beams

c) i

Lengths with equal bottom and diagonal beams
Figure 94 - Creating a structure with equal bottom and diagonal beams
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folding. This is due to the beams moving slightly parallel
away from each other during folding, and therefore
pulling the textile in two directions, creating a strain
inside the textile (as seen in Figure 95b). Furthermore,
the textile gets stuck in the joints which rip the textile,
and the small support beams are attached in such a way
that they leave an unaesthetic looking hole in the textile.

a) Newly defined structure shape

b) Textile showing stress during folding (left), and ripping (right)

Figure 95 - Model with stress starting in top right corner, continueing
down diagonally

These point of improvement are solved by attaching the
textile only to the top beams and the horizontal parts of
the diagonal beams instead of to all the beams sides,
as indicated in Figure 96, and by leaving a small space
between the joints and the textile (solving points 5, 6,
and 7).

Figure 96 - Textile attached to the beam sides indicated with purple

Lastly, several points of improvements are found
regarding the front board, wheels, and transport of the
hand cart in folded position. The board moves freely
in the front of the hand cart around the beam when
not clicked into position, making it difficult to handle
during (un)folding (as seen in Figure 97). Regarding the
wheels, the top beam unintentionally pushes the wheels
aside during folding as the wheels stand too close to
the beam. Lastly, the hand cart is difficult to transport
when folded due to the lack of any attachments to make

this possible.

Figure 97 - Front board unintentionally moving freely around beam
These points are solved by ensuring that the front

board is attached to the beams at all times and folds in
place by itself when (un)folding (as seen in Figure 98),
by creating a space between the wheels and the beams,
and by implementing a shoulder strap for transporting
the folded hand cart (solving points 8, 9, and 10).

Figure 98 - Front board (indicated in yellow on the right) folding in two
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5.2 Attribute development

Several aspects of the Greentom Hand Cart concept, also called product attributes, are designed to satisfy the (future)

users'needs and wishes by complying with the defined program of requirements and wishes (as concluded in Section

2.4). To define which attributes are most important to focus on to ensure the customers' product satisfaction, these

product attributes are divided into 'satisfiers' and 'exciters' on the basis of theory regarding customer satisfaction,

called the KANO theory, after which they are further developed.

5.2.1 KANO model of satisfaction
The KANO model
needs to pinpoint which bring customer satisfaction.

differentiates between customer

It classifies product attributes into four categories:
Threshold attributes,
called satisfiers), excitement attributes (also called

performance attributes (also

exciters), and indifferent attributes.

Threshold attributes are attributes that are considered
to be self-evident. Without these attributes, the product
would become useless, making the lack of this attribute
become a dissatisfier. In a hand cart, these attributes
would be: being able to transport belongings and/or
children, having wheels, to be pulled by a handlebar.

Satisfiers are attributes that linearly lead to increased
customer satisfaction, and are closely linked to the
price users are willing to pay for the product. The more
satisfiers and the better their fulfilment, the larger the
customer satisfaction is. However, poor fulfilment of the
satisfier would lead to customer dissatisfaction.

Exciters are attributes that are unexpected by users, but
when present would give customers high satisfaction,
and would lead to a competitive advantage. The absence
of these attributes would not result in dissatisfaction.
Indifferent attributes are those with little or no
importance. In a hand cart, it would be for example the
placing of text. (Mind Tools Content Team, n.d.; Shyam
Prasad, S., n.d.)

As can be seen in Figure 99, especially the satisfiers and
exciters may be explored in the further detailing of the
hand cart concept since “an ideal product should have

all [Threshold attributes], maximize the performance

attributes and incorporate as many “excitement”
attributes as possible at a price that is affordable.”

(Shyam Prasad, S., n.d.)

To achieve this, the hand cart's physical attributes,

separated into satisfiers and exciters, are further
developed in this section. These attributes, derived from
the set of requirements (Section 2.4) are the following:
1. Suitable for parents with up to three small children
o A compact chassis when folded [satisfier]
o Alarge-volume chassis when unfolded [satisfier]
2. Easytouse
o An easy (un)folding mechanism [satisfier]
o A collapsible front entry for children [exciter]
o Attachable (Greentom) accessories [exciter]
o Well manoeuvrable
» Large wheels (beach suitable) [satisfier]
» A re-attachable push/pull handlebar [exciter]
3. Sustainable

4. Affordable

Excitement
Attributes

Satisfier
Attributes

Satisfaction

Functionality
—
Fully Implemented

Threshold
Attributes

-+
Absent

Figure 99 - KANO Model (based on (Mind Tools Content Team, n.d.)
and (Shyam Prasad, S., n.d.))
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5.2.2 Satisfiers
5.2.2.1 Large wheels
To find out how large wheels can be attached to the
hand cart in a way that also ensures the hand cart to be
folded compactly, further research is done regarding the
diameters and positioning of the front and back wheels.

Height

It is concluded that by placing the wheels on the side of
the hand cart instead of underneath, children can step
more easily into the collapsible front entry (see Section
5.2.3.3) due to the bottom of the front entry falling
below the children's knees making it easier to step in
independently, as seen in Figure 100 and Figure 101.

For the illustration, anthropometric models created by

3DHumanModel (2019) are used of a standing 5-year-
old (P50) and a 20-to-60-year-old female (P50), as well
as two seated 5-year-olds (P90) inside of the hand cart.

0

Figure 101 - Wheels placed on the side of the hand cart
Radius

Since the action radius of the swivel wheel is larger than
the radius of the swivel wheel itself due to the vertical
axis of rotation being slightly off-centre to function, the
swivel wheel attachment point has to be placed at a
distance >3/4th of the wheel diameter from the chassis
for the swivel wheel to be able to turn 360° as can be
seen in Figure 102.

[Side view] [Side view]

<«——— 6/4 wheel diameter

[Top view] }

6/4 wheel diameter

|

Figure 102 - Action radius of the swivel wheel

Compactness

>

To ensure that the hand cart remains compact when
folded, the wheels are best to stick out as less as is

possible while maintaining a large size.

Therefore, for the front swivel wheels, this compactness
is achieved by guiding the connecting beam of the front
wheels closely to the outer edge of the wheel, and by
making the front wheels foldable against the textile.
It is concluded that wheels with @<250mm -chosen
to be @215mm of which the benefits are mentioned
in Confidential Appendix CA6- can best be used with
a pivoting connecting beam attached to a point in the
front of the hand cart to achieve this, as seen in Figure
103.

Figure 103 - Swivel wheel folding against folded chassis

The diameter for the back wheels are chosen to be
@2300mm
Confidential Appendix CA6-, which is similar to the

-of which the benefits are mentioned in

wheel diameter of the hand carts with the largest wheel
sizes being @290mm for the Beach Wagon Lite and
@289mm for the Beachtrekker Life (as seen in Appendix
A2).
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5.2.2.2 Easy folding mechanism

The folding mechanism is made to have a large volume
when it is unfolded and to be compact when folded. The
folding mechanism of the hand cart is created in such a
way that it is also easy to (un)fold: As seen in Figure 104,
top front beam BC of the hand cart -which also functions
as the entry gate for children- can be collapsed by
pulling the vertical supporting beams inwards (indicated
in yellow), after which the bottom of the hand cart can
be pulled upwards (also indicated in yellow) to finish
folding the hand cart. Side rod GH automatically folds
and unfolds the back top in position, either unfolded (as
seen in Figure 104), or folded parallel to the other beams
(Figure 105). However, to ensure that side rod GH acts
as intended, its length as well as joint positions on AB
and DF need to be determined.

The length and joint locations of the side rod are
determined by means of calculations instead of trial and
error since high accuracy is needed and the chance of
error is best to be eliminated when drilling the joint holes

in the future prototype.

By setting up the formula for side rod length GH
in unfolded situation as well as in folded situation
expressed in the two unknowns x1 and x2, and solving
these two formulas to each other, the values x1, and x2
could be determined (and therefore also length GH)
which comply with the two situations. These possible

<x1=-335 <Xx1=-200

leo

1160.5

494.54

D 1077.57 "E

All measurements in mm

Figure 104 - Hand cart chassis in unfolded position, with point G and H
at distance x1 and x2 from B and F respectively

eE C
< E (1077.57/2) >

All measurements in mm

Figure 105 - Hand cart chassis in folded position, with point G and H at
distance x1 and x2 from B and F respectively

positions on the chassis are visualised in Figure 106.
See Appendix A20 for the full calculations.

It is concluded that the best suitable position would be
that of GH with x1=200mm, x2 = 314 mm, and therefore
lengthGH = 214 mm, since this position would support
the forces subjected onto beam AB the best as the side
rod GH stands almost perpendicular to it, yet staying
compact due to the shorter length since standing in a
slight angle towards beam DF, as seen in Figure 106.

-200

' X2=-314

-300

T Ll
200 400 600
%2 =0

Figure 106 - Possible positions of side rod GH indicated in purple which allow folding and unfolding of the chassis into desired position
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5.2.3 Exciters

5.2.3.1 Re-attachable push/pull bar

Different forms

To ensure a handlebar that is suitable for both one
and two hands, suitable to be pulled and pushed, re-
attachable, and foldable, further research is done
regarding the form, attachment design, and length of
the handlebar.

Four different forms (as seen in Figure 107) are evaluated
in Table 5. From Table 5, it can be concluded that form D
is the most suitable form for the handlebar.

S L JL

Figure 107 - Hand cart with four different proposed handlebar forms
Table 5 - Form evaluation per form type

A B (o D

Suitable for both one
v X v v
and two hands

X2 | v

*1) Cannot be held in the middle with one hand
*2) Occupies a large width along the bar length (one or both sides)

Compact in size X2 v

Attachment design

To ensure that the handlebar can conveniently be used
both for pushing and for pulling, the handlebar should
be re-attachable and able to rotate around the front
beam axis when pulling, but snapping fixed in place in
the back where the cart will be pushed only. Therefore,
a spring-loaded attachment gripper is designed that
opens when its button is pressed (see Figure 108). Two
triangular dents inside the gripper fit two triangular
embossed forms in the back beam to snap fixed in place.
This way, the handlebar is still able to rotate around the
smooth front beam when being pulled. Furthermore,
the handlebar is formed in such a way that the end is
split into two attachment grippers in order to better
withstand forces applied to the sides of the bar than
one attachment point due to tension and compression
forces acting on the two beams, as seen in Figure 108.

t

Figure 108 - Design of the handlebar attachment
Handlebar length

To ensure both a hand cart that well manoeuvrable in an
ergonomically sound way, and a hand cart that can fold
up compactly, further research is done on the needed
handlebar length for this.

It is concluded that the height that the handlebar has to
reach when pushing the hand cart is 1097mm, which is
the mean elbow heigh for 20-30-year-olds (P50, mixed)
(DINED, 2017b). When pulling, this height is 995mm,
which is the mean hip height for 20-30-year-old (P90)
(DINED, 2017b). To prevent the heels or toes of a
person to touch the chassis when pulling or pushing,
the average step distance is measured by hand, which
serves as an indicator of the needed horizontal distance
from the pulling hand to the hand cart, being 50cm.

Taking into account these optimal distances and the
knowledge that the handlebar needs to be smaller than
the largest beam in the chassis plus the back wheel
radius, being <87.4cm (Appendix A21), for it to fold
compactly with the hand cart, it is concluded that the
length of the handlebar needs to be 77cm (see handlebar
length calculations in Appendix A21).

1135mm

..500mm |

1097m|

Figure 109 - Defined handlebar dimensions
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5.2.3.2 Attachment of Greentom accessories

In order to ensure that the interchangeable accessories
(see Figure 112), including the Greentom Car Seat
(as well as several regular car seats with the help of
Greentom's car seat adaptors), the Greentom Carrycot,
and the Greentom Reversible, can conveniently be
attached to the top beam of the hand cart when desired,
it will be determined what the optimum locations are of

the attachment points.

It is concluded that the best position on the top beam is
at x = 395mm, as seen in Figure 110. At this location, all
Greentom accessories would fit conveniently and safely
inside the hand cart while ensuring enough space is left
to fit at least two children in the back of the hand cart.

The retractable stumps on which the accessories can
be fitted at that position are created in such a way that
they can be pulled out of the chassis when needed,
and pushed back inside when they are not needed to
save space inside the cart, as seen in Figure 111. When
pulled out, the attachment pins of each accessory with
an outer width of 37cm can be inserted in the stumps
which would then be 98 mm in length. (See Appendix
A22 for the calculations of the position calculations of

the attachment points.)

1135 mm

Figure 110 - Defined position of the retractable stumps to enable
attachment of accessories

Figure 111 - Workings of the retractable stump at point f(395) for
accessory attachment

Figure 112 - Greentom accessory dimensions in mm. From left to right: Greentom Car Seat, Greentom Carrycot, Greentom Reversible.
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5.2.3.3 Entry gate for children

The collapsible entry gate for children in the front of
the hand cart makes it possible for its little passengers
to easily climb into and out of the hand cart, as shown
in Figure 113. This eliminates the need for parents to
repeatedly carry the children into and out of the hand
cart -as smaller children are not able to climb over the
tall ridge independently-, which is especially alleviating
for pregnant women, users with back pain, or any
disabilities.

Like in the Greentom Classic, the two middle pivot points
of the hand cart will be comprised of a pushable button
on one side and a turnable button on the other side (see
Figure 113). When both buttons are activated, the entire
hand cart can be folded. When only the turnable button
is activated while also pulling the entry gate inwards, the
entry gate can be collapsed downwards.

Since collapsing the gate requires two actions, this will
only be possible to do by the parent for added safety.
When pulling the gate up, the system will lock back into
place, which can be done by the children as well, adding
playfulness to the interaction.

Figure 113 - The working principle of the children' entry gate
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5.3 Prototype evaluation

The Greentom Hand Cart Concept now includes developed satisfiers and exciters which should comply with the
target group's needs and wishes (as stated in Section 2.4). But do they indeed do so? To find out, a user test with
current hand cart users is conducted. To let the users evaluate the dimensions and attributes of the Hand Cart
design, a functional and foldable 1:1 Minimum Viable Product (MVP) is created of the Greentom Hand Cart concept

in which also the to-be-evaluated attributes are integrated.

5.3.1 Minimum Viable Product
A Minimum Viable Product (MVP)
prototype with the minimum required functionalities

is a functional

integrated to evaluate the user value of the concept in
its most basic form. (Fagerholm et al., 2013)

The designed prototype as seen in Figure 114 will,
therefore, have the main characteristics and attributes
of the end concept design: 1:1 dimensions including a re-
attachable textile, with satisfier attributes being a stiff
yet easily foldable chassis and large-sized functional
wheels, and exciter attributes being a collapsible entry
gate for children and a re-attachable push/pull bar.

Aluminium tubes, which are more rigid and therefore
more suitable for a functional prototype than the PVC
tubes used in previous structure models, are cut and
bent to technical drawing specifications (see Figure

115). Weldings ensure the handlebar to get its desired

Figure 115 - An aluminum tube gets bent by a tube bending machine

shape, after which it is attached to the chassis with
wing-screws for easy (re)attachment via plates that
ensure that the handlebar can rotate in the front but
stays fixed when attached in the back (see Figure 116).

Figure 116 - Bent plates that hold the handlebar put into position before
fixing them with aluminum welding

The front and back wheels are of @200mm and @300mm
respectfully, which are close to the intended wheel sizes

of @215mm and @300mm. Special attachments made of
sheet metal with wood in between are created to provide
the attachment points to fold the swivel wheels against
the textile when the hand cart is being folded (see Figure
117 and Figure 118).

Figure 118 - Cut and bent sheet metal with wood in between serving as
attachment points for the pivoting wheel Attachments
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Hinged wooden boards are used in the bottom and in
the collapsible front entry. The boards in the front entry
get locked with an added part placed on top of the hinge

(see Figure 119).

Figure 119 - The pivoting front boards with a 'lock' keeping the hinge in
place to simulate the locking and unlocking of the front gate.

Lastly, the textile is cut, sewn, and equipped with velcro
for easy (re)attachment (see Figure 120).

Stumps to enable attachment of Greentom accessories
are not integrated, but will rather be asked about
during the user test since asking about the users'
opinion regarding the possibility to attach these extra
accessories would be more efficient and important than
to add retractable stumps to enable this action.

As seen in Figure 121 and Figure 122, finally an
(un)foldable,
manoeuvrable 1:1 scale prototype is created, with

aesthetically pleasing, functional, and

all satisfier attributes and near-all exciter attributes
integrated, ready to be evaluated with the target group

during a user test.

Figure 121 - The Greentom hand cart prototype - folded
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5.3.2 User Test

The user test is conducted to verify if the satisfier and
exciter attributes satisfy the earlier set user's needs
and wishes. These to-be-tested attributes (of which the
physical ones are stated in Section 5.2.1), derived from
the set of requirements (Section 2.4), are the following:
1. Suitable for parents with up to three small children
o A compact chassis when folded [satisfier]
o Alarge-volume chassis when unfolded [satisfier]
2. Easytouse
o An easy (un)folding mechanism [satisfier]
o A collapsible front entry for children [exciter]
o Attachable (Greentom) accessories [exciter]
o Well manoeuvrable
» Large wheels (beach suitable) [satisfier]
» A re-attachable push/pull handlebar [exciter]
3. Sustainable
4. Affordable
o A selling price that does not exceed the users'
price expectations based on the hand cart's
physical attributes [satisfier]

Since the sustainability cannot be tested with any
attributes available in the MVP, no questions are asked
about this requirement during the user test.

5.3.2.1 Research questions

To find out the user's perceived value of the above-
mentioned attributes, research questions are set-up.
The main research questions which the user test will aim

to answer are the following:

1. Is the hand cart deemed to be suitable for parents
up to three children based onits folded and unfolded
dimensions in the 1:1 MVP model?

2. Is the hand cart easy to use, based on the satisfier
and exciter attributes in the 1:1 MVP model?

3. Is the hand cart well manoeuvrable (part of 'easy to
use' requirement) based on the satisfier and exciter
attributes in the 1:1 MVP model?

4. s the hand cart affordable based on the user's price
indication of how much they are willing to spend on
the hand cart compared to other hand carts?

5.3.2.2 Method

The user test which is conducted by the mother
accompanied by the eldest child (four years old) from
a family of four, of which the father participated during
the third part of the test as well.

The user test split into three parts: The first part
introduces the user to the topic, goal, and proceedings
of the user test. During the second part, the user is asked
questions regarding the dimensions and attributes of
the hand cart and is asked to perform certain actions
with the MVP before each question, as seen in Figure
123. During the third part, non-physical properties are
asked about including the possibility of attaching a car
seat (without a physical car seat being present), as
well as regarding the price that users would be willing
to pay for the hand cart by providing a graph with all
hand carts with their prices to help the users evaluate a

suiting price for the MVP.

' Figure 123 - User pulls the hand cart before being asked about the
interaction

A list of the exact questions asked during each part of
the user test, as well as the asked actions and provided

price chart of competing hand carts can be found in
Appendix A23.
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5.3.2.3 Results

The results, as visualized in Figure 126, show that the
user reacted positively on all exciter attributes. The user
also reacted positively on all satisfier attributes with
only minor suggestions. An example of a successful
satisfier is that the user is able to intuitively (un)fold the
hand cart without any problems in the first try, as seen
in Figure 125.

a) User unlocks front to collapse it

e

c) User holds wheel while fIding d) The hand cart is folded
Figure 125 - User folding the hand cart successfully in the first try

The user test has shown that the satisfiers and exciters
are well received by the target group and therefore make
the hand cart easy to use, suitable for young families,

and likely to be perceived as affordable in the future.

Manouvrability

Being able to see the children when using the push bar is very nice!

Size of back wheels is good and suitable for the beach. & ,
|

Cart rides lightly.

Miss being able to fix the pull bar to prevent it from falling. .\

y,

Front wheels would look nicer underneath or beside the cart. F =

Size of front wheels fine, but could be bigger. ./

Affordable

Would be willing to pay 200-350 euros for it.
(Currently owning a 120-euro hand cart)

—_— -~
o o

5.3.2.4 Discussion

The suggestions include being able to lock the folded
cartin place, having something that makes the hand cart
easy to transport, and having pockets inside the textile.
Fortunately, these suggestions are already implemented
in the concept design. However, the possibility to detach
the back wheels, fix the pull bar upright when not in use,
and having a water-repellant textile are suggestions that
could be looked into as future recommendation.

During the test, the front wheel attachments slowly
started failing, as seenin Figure 124. However, the wheels
remained functional, the slow failing of the attachments
could have influenced the user's attitude towards them.
It also shows that a future recommendation might be to
redesign the connections, possibly attaching them to
the bottom of the hand cart while ensuring the children

can still climb into the collapsed front gate.

“The big wheels make
the hand cart now
suitable for the beach!
Normally, we would
use our hand cart
mostly for groceries.”

Suitable

| like the large size and long length.
’ The folded dimensions are fine.

Wide back and less wide front looks pretty.

/. Would be nice to be able to detach the back wheels.

: Easy to use
\ \. Collapsable front entry is very handy and a great addition!

Being able to fit a Maxi Cosi is super and a great addition!

¥(Un)folding goes fine and speaks for itself.

Miss being able to lock the folded cart in place and
having something that makes it easy to take it along.

Family

Further comments
I like that the textile is detachable.
Water-repellant textile would be easier to clean.
Pockets in the textile to put small things in would be nice.

A plastic in the bottom of the textile would be nice for extra stiffness.

with 4 year old and 1 year old

Figure 126 - Summary of results from user test
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In this chapter, the end result is discussed and evaluated based on the set design goal and defined requirements.
Additionally to this, recommendations for future development of the final concept will be given, as well as a reflection
on the graduation project as a whole.



6.1 Greentom Go

A summary of the Greentom Hand Cart, its properties, and what exactly it is that makes the Greentom Go comply with

this design goal is summarized in this section.

The developed Greentom Go concept is a sustainable
hand cart that is simple in its design, easy to use,
suitable to fit 2 to 3 children up to six years old, and
affordably priced.

The Greentom Go is a sustainable product that fits with
Greentom's vision of becoming a circular brand. It not
only uses recycled and recyclable rPP chassis material
and rPET textile material for production, but it also has
an incentivized take-back system which encourages
users to send back their used Greentom Go free-of-
charge in return for a compensation at the end-of-life
of the product.

100

By designing the product in such a way that it can easily
be (dis)assembled, the collected parts can then easily
get remanufactured/refurbished into 2nd-life Greentom
This
circular system, which enables parts to get a second

Gos. remanufactured/refurbished closed-loop
life, results in a product with 62% lower eco-costs, or
64% lower carbon footprint, and 71%€ value capture
compared to a product with a linear end-of-life after
which products get incinerated, or respectively 50% and
51% in the scenario where only 80% of the chassis and
not the textile gets refurbished/remanufactured.

Those parts that cannot be refurbished/remanufactured

due to functional damage can be shredded and
reproduced into new granulate for Greentom parts with
QCP as partner (regarding the Chassis), or chemically
recycled into new rPET textile (regarding the textile),
making closed-loop cradle-to-cradle possible with little

to no material property loss.



The Greentom Go is simple in its design since it
complies with Greentom's no-nonsense, form-follows-
function look, which excludes any superfluous details,
while also expressing its own Hand Cart style.

The Greentom Hand Cart is easy to use since it can easily
and intuitively be folded and unfolded without the need
of loose parts. Secondly, it is easy to use since it is well
manoeuvrable: done by having large wheels that make it
suitable for difficult terrain such as the beach, by having
a handlebar that can be pulled in the front or pushed
from the back decreasing the needed applied force
and improving body ergonomics, and by being 7.57kg
which is light-weight compared to the average hand cart
weight 13.85kg (calculations in Appendix A24).

Thirdly, the product is easy to use since small children
caneasily and independently step through the collapsible
front entry after which the parents can close the entry,
eliminating the need for parents to repeatedly carry the
children into and out of the hand cart. Lastly, the Hand
Cartis easy to use since all Greentom accessories as well
as car seats (a much mentioned wish) can be attached
to the Hand Cart by using the retractable attachment
points, making it possible for parents to also safely
transport their baby apart from older children and to use
the Greentom accessories both in the Greentom stroller
and in the Greentom Hand Cart. Additionally, the textile
has extra pouches acting as storing compartments, and

is detachable for easy cleaning.



The hand cart is suitable for young families as it has
the perfect dimensions: having a large inner volume of
186 litres when unfolded, fitting two children in the back
and one child in the front as well as belongings to bring
along, which is 1.5 times as large as those of competing
hand carts, while staying compact when folded with
dimensions of {29 x 63 x 81.5}cm, comparable to the
average competing hand cart, fitting an average car
trunk. Secondly, it is suitable for young families as it is
comfortable for passengers, having a soft cushion on
top of flat bottom plates as well as in the front and back
of the hand cart for back cushioning. Lastly, it is suitable
for young families as it is safe: complying with the EN
1888-1 and 2 wheeled-child-conveyances safety norm,
as the hand cart includes a foot brake, and three pairs
of children' safety straps.

Finally, by using the same hinge button moulds, rear
wheel moulds, and swivel wheel moulds as those for
existing or possible future Greentom projects, and by
implementing the refurbishing/remanufacturing system
which has great value capture potential compared to
merely reproducing parts from reshredded cradle-
to-cradle granulates, the Greentom Hand Cart can
be manufactured for lower costs. Reusing existing
moulds saves 32% in mould investment costs, or 19%
in total investment costs, making it possible to have a
selling cost of €244.25 instead of €301.75 per product,
returning 500% of investment over five years. If 1/4th of
the total produced hand carts over that period of time
would also be refurbished and/or remanufactured, then
an additional 12% of the total investment costs would be
saved, making it possible to have even lower
selling cost of €215.20 instead of
€244.25 per product.

Both latter cost estimation remain under the upper limit
of €250, making the Greentom Hand Cart affordable
for users. (see Confidential Appendix CA7 for the
calculations of the cost estimation)




In conclusion, the Greentom Go successfully satisfies
all requirements and several wishes from the list of

satisfies the stated design goal (Section 1.2.2).

\ requirements and wishes (Section 2.4), and successfully




6.2 Evaluation

In conclusion, the Greentom Go is a concept design for

Greentom that is desirable, feasible, and viable.

Desirable

For Greentom, the product is desirable as the product is
both simple in its design, and fits a sustainable, circular
economy. This fits Greentom's form family and complies
with Greentom's vision: becoming a circular lifestyle
brand.

For users, it is desirable as it satisfies all their needs:

1. Being suitable for young families by having a large
volume which fits belongings as well as all children
up to six years old for 95% of users, being compact
when folded, comfortable for its passengers, and
safe as it includes a foot brake and children straps.

2. Being easy to use, as it has an easy (un)folding
mechanism, a collapsible front entry for children,
the possibility to attach (Greentom) accessories,
and being well manoeuvrable as it has large wheels
(suitable for the beach) and a re-attachable push
and pull handlebar.

3. Being affordable, with a selling price of €220.

Feasible
The product is feasible due to the following reasons:

1. 74% of Greentom's existing customers, which is
the percentage of users in the Netherlands with
two children or more, are potential users of the
Greentom Hand Cart, as families with two or more
children tend to buy a hand cart next to their stroller
for trips where both children and belongings have
to be transported, and where having only one
stroller becomes unpractical.

2. Multiple attributes (exciters) of the Greentom

Hand Cart are unique compared to existing hand
carts, and are concluded to be desirable by users.
These exciters include a collapsible front entry, the
possibility to attach a car seat and interchangeable
and a re-attachable

Greentom accessories,

handlebar that can be pulled in the front or pushed
in the back of the hand cart.

3. Being able to reuse existing moulds (or moulds
for future projects), as well as by implementing a
circular scheme for refurbishment/remanufacturing,
make it possible to produce the hand cart for 31%
reduced investment costs if 1/4th of all products
get remanufactured/refurbished.

4. 1t can benefit from existing material company
partnerships, as the product consists out the main
materials rPP and rPET already used in Greentom
strollers.

5. Provided that the style of the Greentom Hand cart
would be perceived as aesthetically pleasing, the
relatively low price of the hand cart would make it a
well-competing product with few competitors.

Viable

The product is viable, as it is estimated to return five
times its investment price in five years, providing that
the return-shipment costs (to embedded in the selling
price), and costs of remanufacturing/refurbishing
equipment and workers is lower than the 12% economic

benefit it creates (apart from the ecologic benefit).
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6.3 Recommendation

The final concept design of the Greentom Go serves as
a starting point of a possible new product design to add
to Greentom's portfolio. However, any concept design
should be further iterated and prototyped until it will
be ready to produce. Therefore, this section highlights
recommendations of which points to best address of the
Greentom Go during its further future development.

The Greentom Go satisfies four wishes, as stated in
Section 2.4: being able to attach a car seat, having
extra storing compartments, having a detachable
textile, and having breaks. However, since having the
possibility to attach a sun/rain protection on the hand
cart is also an often mentioned wish by users, Greentom
should separately sell these attachments for their hand
carts, proposed to consist of two foldable canopies on
both sides of the hand cart -comparable to those in
the Greentom strollers- which can be attached in the
middle with an unfolding textile to act as a roof against
sun and rain. Another often mentioned wish is that the
hand cart to be able to stand by itself when folded to
reduce occupied space. Being able to implement this in
an improved design of the Greentom Go would further
increase user satisfaction.

Research regarding the Greentom Go design was done
only with a functional prototype, but not with the intended
visual design of the final concept. Therefore, future
research should be done to indicate users' perception
of the hand cart in terms of aesthetics to verify that the
concept design complies with the requirement of being

aesthetically pleasing.

The prototype experienced that the front swivel wheels
fixturesare pronetobreakage, assumingly duetothelarge
moment acting on the fixtures. Therefore, an alternative
design should be considered in which the swivel wheels
are attached underneath the hand cart instead of in
the front, reducing this moment. The possible elevation

of the hand cart bottom (making it difficult for smaller

children to step into the hand cart through the collapsed
gate), and folding challenges should be taken into
account when doing so. Furthermore, the interviewed
hand cart seller recommends ball bearings instead of
rolling bearings inside of the hand cart wheels.

The pull/push handlebar length can be smaller than was
calculated for the prototype, reducing needed material.
During the length calculation in Section 5.2.3.1, the
distance between the legs to the back of the hand cart
(when pushing) had been set to the same distance as
from the legs to the front of the hand cart (when pulling),
while the needed stepping distance when pushing might
be lower, which also reduce the needed length of the
handlebar. Furthermore, the user test results indicate
the user to wish for the possibility to fix the pull bar in
the upright position when not in use. This is a wish that
should be looked into for implementation since many
existing hand carts do have the possibility to fix pulling
bars in upright position, for which the Beach Wagon
Lite even has a pull bar which automatically springs in

upright position when not held.

Lastly, the selling price of €220 of a Greentom Go
is a rough estimation based on the calculated total
product costs in a system in which existing moulds
(and future moulds for future projects) from other
Greentom products are reused and in which 1/4th of the
production is returned to Greentom for refurbishment.
However, to verify that the 12% economic benefit of
the refurbishing end-of-life scenario weighs up to the
costs of implementing this scenario, a detailed cost
estimation should be done in which the possible lower
selling price for refurbished products is taken into
account, the reimbursement fee to return to customers
as an incentive, and the costs of a refurbishing system,
including the shipping fee of a collaborating postage
partner, costs of industrial cleaning machines, heat
guns, and labour for (dis)assembling and refurbishing
the parts.
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6.4 Reflection

Firstly, the Fast-track Life Cycle Analysis was a large
part of the research during the project. However, the
LCA is limited for analysis of circular products as it was
made for analysing product life cycles from cradle to
grave (Ecocostsvalue, n.d. (b)). Due to this limitation of
the LCA, Dr. Ir. Joost G. Vogtlander stated in a personal
interview that recycled materials are not to be indicated
in the End-of-Life stage of the LCA to prevent a 'double-
positive' impact when the recycled material is recycled
yet again. The double-positive would be caused due to
the fact that the recycling credit for recycling a virgin
material is already implemented in the material credit of
the recycled material variant. Adding a second recycling
credit to this value would, therefore, be outside the
scope of a cradle to grave analysis.

This working principle of the LCA gives impracticalities
when analysing different product life cycles when
designing for a circular product in which recycled
materials either could have an incineration end-of-life
or a recycling end-of-life (not taking into account other
scenarios such as remanufacturing or refurbishment).
If no end-of-life scenarios are indicated for recycled
materials, it is not possible to differentiate between
the environmental impact of products where recycled
materials are incinerated and the environmental impact
of products where recycled materials are recycled yet
again at the end-of-life. This is a great impracticality for
circular products since the impact of these end-of-life
scenarios for recycled materials is clearly different.

Following Vogtlander's instructions, no recycled
materials were indicated in the End-of-Life stage, not
for recycling nor for incineration. However, if recycled
materials could be indicated with other scenarios than
recycling, the analysis would have looked differently
regarding impact percentages between the product
life cycle stages. In this case, another impracticality
is that the border of a cradle-to-grave analysis for

circular products is difficult to pinpoint, especially for

materials that are not fully recycled or fully virgin in
the first place. This border of when to indicate or not
to indicate the end-of-life impact of recycled materials
should have been better communicated at the beginning
of the analysis for a better understanding of the results.
Using the Circularity Calculator by Ideal & Co proved to
be a better method to gain insights into the end-of-life
impact in circular systems.

Secondly, looking back on my personal learning
ambitions, | have successfully deepened my knowledge
regarding the reuse of product materials and the
challenges that come into play. Designing a sustainable,
circular product is a complex task. Not only should the
costs and environmental impact of all stages of the
product life cycle be evaluated, but also the costs and
impact of circular end-of-life scenarios and collection
systems should be taken into account to choose the best
sustainable alternatives. Therefore, it is much more than
merely selecting alternative, more sustainable, recycled
materials which are also recyclable. Regarding the latter,
the suitability of the recycled material also depends on
the material provider's ability to tweak the properties of

recycled materials to specifications.

Thirdly, looking back on the project, | have learned that
managing a project in terms of task prioritisation for
the given time is just as important as project results. A
challenge to overcome is eliminating distraction both
outside as with regards to the project: 1) Deciding the
project priorities and what only to indicate or not to
do at all with regards to what you want to achieve. 2)
Have a clear overview each week on the time that these
priorities should be given for the time that is available.
3) Prepare for unforeseen circumstances: if no time is
left, working on tasks overtime does little good for the
project or a designer's health. Therefore, knowing when
a task is good enough for the intended result to leave
for the next task is important, improving them only when
time is left.

106



6.5 References

3DHumanModel (2019). 3D Human Model Shop. Consulted
on 17 February 2019 from https://www.3dhumanmodel.
com/shop/

ANWB (2015). Bolderkarren 2015. Consulted on 27
September, 2018 from https://www.anwb.nl/vrije-tijd/test/
bolderkarren-2015

Adams, K. (2018). Twente aan begin van nieuw
textieltijdperk. Consulted on 1 April, 2019 from https:/
www.tubantia.nl/enschede/twente-aan-begin-van-nieuw-
textieltijdperk~a2c5d839/

Al-eisawi, K. W.,, Kerk, C. J., Congleton, J. J., Amendola, A.
A, Jenkins, O. C, & Gaines, W. (1999). Factors affecting
minimum push and pull forces of manual carts. Applied
Ergonomics, 30(Elsevier Science Ltd.), 235—245.

Allegrini, E., Vadenbo, C. Boldrin, A, & Astrup, T. F.
(2015). Life cycle assessment of resource recovery from
municipal solid waste incineration bottom ash. Journal of
Environmental Management, 151, 132-143. https://doi.
org/10.1016/j.jenvman.2014.11.032

Allthings.bio (2018). Facts or Myth ,Biodegradability”.
Consulted on 7 April, 2019 from http://www.allthings.bio/
fact-or-myth/facts-or-myth-biodegradability/

American Chemistry Council (2019). The Basics: Polymer
Definition and Properties. Consulted on 22 April, 2019
from https://plastics.americanchemistry.com/plastics/The-
Basics/

Ashby, M. F.(2016). Materialsand Sustainable Development.
Butterworth-Heinemann. (pp. 39-54). Retrieved from https://
www.sciencedirect.com/book/9780081001769/materials-
and-sustainable-development

Avalex (2019a). PMD. Consulted 13 April 2019 from https://
www.avalex.nl/pmd/

Avalex (2019b). Welcome to Avavalex!. Consulted on 22
April 2019 from https://www.avalex.nl/english/

BabyCenter Staff (2019). Baby milestones: Sitting.
Consulted on 22 May 2019 from https://www.babycenter.
com/0_baby-milestones-sitting_6505.bc

BeachWagonCompany  (2019).  Lightweight and
easy to fold. Consulted on 28 January from https:/
beachwagoncompany.com/

Belliveau, M., & Lester, S. (2004). PVC Bad News Comes in
3s - The Poison Plastic, Health Hazards and the Looming
Waste Crisis. Center for Health, Environment and Justice
(CHEJ).

Biganzoli, L, & Grosso, M. (2013). Aluminium recovery
from waste incineration bottom ash, and its oxidation level.
Waste Management and Research, 31(9), 954-959. https:/
doi.org/10.1177/0734242X13493956

Bike-Bep24 (n.d.) Leggero handcart. Consutled on 28
January from https://bike-bep24.com/Leggero-handcart

Boer group recycling solutions (2019). SaXcell. Consulted
on 1 April, 2019 from http://boergroup-recyclingsolutions.
com/nl/projects/saxcell/

Bogue, R.(2007). Designfordisassembly:acriticaltwenty-first
century discipline. Assembly Automation, Volume 27(Issue
4), 285-289. https://doi.org/10.1108/01445150710827069

Bolderkar-shop (2019). Winther Turtle Kiddy Bus. Consulted
on 8 January 2019 from https://www.bolderkar-shop.nl/
kinderopvang-bolderkar/winther-kiddy-bus/

Bradford, A. (2017). What is a Polymer?. Consulted on 22
April, 2019 from https://www.livescience.com/60682-
polymers.html

CES EduPack [Computer software]. (2018). Cambridge, UK:
Granta Design Limited.

Carruthers, D. (2015). Material Guide: How Sustainable
Is ECONYL?. Consulted on 5 April, 2019 from https://
goodonyou.eco/material-guide-econyl/

107



Charter, M., & Gray, C. (2008). Remanufacturing and product
design. International Journal of Product Development,
6(3/4), 375. https://doi.org/10.1504/IJPD.2008.020406

Circular Economy Practitioner Guide (2018). Make -
Refurbishing. Consulted on 1 April, 2019 from https://www.
ceguide.org/Strategies-and-examples/Make/Refurbishing

Consequential-LCA  (2015). Defining the functional
unit. Consulted on 12 September 2019 from https://
consequential-lca.org/clca/the-functional-unit/define-the-
functional-unit/

Core Jr. (2009). A Periodic Table of Form: The secret
language of surface and meaning in product design, by
Gray Holland. Consulted on 25 June 2019 from https://
www.core77.com/posts/12752/a-periodic-table-of-form-
the-secret-language-of-surface-and-meaning-in-product-
design-by-gray-holland-12752

CuddleCo (2013). Greentom. Consulted on August 3, 2018
from http://www.cuddleco.co.uk/green_tom.html

DINED (2017a), Dutch children - kima1993. Consulted on 8
January 2019 from https://dined.io.tudelft.nl/en/database/
tool

DINED (2017b), Dutch adults - dined2004 Consulted on 8
January 2019 from https://dined.io.tudelft.nl/en/database/
tool

DataGenetics (2016). Ackerman Steering. Consulted on
11 November 2018 from http://datagenetics.com/blog/
december12016/index.html

Design Council (2019). The Design Process: What is the
Double Diamond?. Consulted on 14 May 2019 from https://
www.designcouncil.org.uk/news-opinion/design-process-
what-double-diamond

Ebnesajjad, S. (2014). Surface Treatment of Materials
for Adhesive Bonding (Second Edition), Chapter 8 -
Surface Preparation of Thermoplastics, Thermosets,
and Elastomers. p. 185-226. William Andrew Publishing.
Consulted from http://www.sciencedirect.com/science/
article/pii/B9780323264358000083

Ecocostsvalue (n.d. (a)). The concept of the eco-costs.
Consulted on 5 march 2019 from http://www.ecocostsvalue.
com/EVR/model/theory/subject/2-eco-costs.html

Ecocostsvalue (n.d. (b)). EoL (End of Life) and Recycling
in LCA. Consulted on 13 October 2019 http://www.
ecocostsvalue.com/EVR/model/theory/8-recycling.html

Ellen MacArthur Foundation (2017). What is a circular
economy? Consulted on 15 Oktober 2019 from https://
www.ellenmacarthurfoundation.org/circular-economy/
concept

Eschner, K. (2017). The Inventors of Upcycling Published
Their Manifesto In a Plastic Book. Why? Consulted on 12
February 2019 from https://www.smithsonianmag.com/
smart-news/inventors-upcycling-published-their-idea-
plastic-book-why-180962182/

European Commission (2014). Communication from the
Commission to the European Parliament, the Council,
the European Economic and Social Committee and the
Committee of the Regions. Consulted on July 21, 2018
from http://ec.europa.eu/environment/circular-economy/
pdf/circular-economy-communication.pdf

European Commission. (2019). Environment Action
Programme to 2020. Consulted on 23 April, 2019 from
http://ec.europa.eu/environment/action-programme/index.
htm

Fagerholm, F., Johnson, P., Pirttilahti, J., Torkkel, J., Jarvinen,
J., & Munch, J. (2013). Creating Minimum Viable Products in
Industry-Academia Collaborations. B. Fitzgerald et Al. (Eds.):
LESS 2013, LNBIP 167, Pp. 137-151, 2013, Springer-V.

Foamplant (2018). News. Consulted on 17 June 2019 from
https://www.foamplant.nl/

Forum Viva (2012). Opvrouwbare bolderwagen. Consulted
on 27 September 2018 from https://forum.viva.nl/kinderen/
opvouwbare-bolderwagen/list_messages/15487 1#

Forum Viva (2018). Bolderkar of niet?. Consulted on 27
September 2018 from https://forum.viva.nl/kinderen/
bolderkar-of-niet/list_messages/412845

Gemeente Maastricht (2018) [VIDEQ]. Groeten uit Maastricht
Greentom. Consulted on August 3, 2018 from https://www.
youtube.com/watch?v=hkfgcZYmJiA

Greenblue. (2017). Chemical Recycling: Making Fiber-to-
Fiber Recycling a Reality for Polyester Textiles. Consulted
on 13 April 2019 from http://greenblue.org/work/chemical-
recycling/

108



Greentom (2017) [VIDEO]. VLOG HVCGROEP: QCP and
Greentom. Consulted on August 3, 2018 from https://www.
youtube.com/watch?v=3MajOGISUTI

Greentom (2018a). About Greentom. Consulted on July 16,
2018 from https://www.greentom.com/about-greentom

Greentom (2018b). The greenest stroller on planet earth.
Consulted on September 8, 2018 from https://greentom.
com

Greentom (2018c). Materials. Consulted on July 16, 2018
from https://www.greentom.com/materials

Greentom (2018d). Specifications. Consulted on August 4,
2018 from https://www.greentom.com/3-in-1-stroller.html

GrootGezin (n.d.). De bolderkar. Consulted on 27 September
2018 from http://www.grootgezin.nl/vervoer100602a.
php#100602a

Hickman, M. (2019). What's the difference between pre-
and post-consumer recycled content?. Consulted on 13
May 2020 from https://www.mnn.com/lifestyle/recycling/
questions/whats-the-difference-between-pre-and-post-
consumer-recycled-content

Huijerman, A. (2018). Nieuwe kleding maken uit oud textiel
gebeurt mondjesmaat. Consulted on 1 April, 2019 from
https://www.oneworld.nl/fashion/nieuwe-kleding-maken-
oud-textiel-gebeurt-mondjesmaat/

Ideal&Co (2016). ResCoM Circular Pathfinder. Consulted
on 10 March, 2019 from https://www.ideal-co.nl/pathfinder/
index.html

Idemat (2015). Idemat 2015 + EL V3.1 (version 20-01-2016).
[Excel maintained by the Design for Sustainability Group of
the faculty of Industrial Design Engineering] Consulted on
27 September 2018 from https://software.tudelft.nl/413/

InnProBio (n.d.). Factsheet No.3. Biodegradability.
Exposing some of the myths and facts. Consulted on 7
April, 2019 from http://innprobio.innovation-procurement.
org/fileadmin/user_upload/Factsheets/Factsheet_n_3.pdf

Intcorecycling (2015). Howto Recycle EVAfoam?. Consulted
on 18 June 2019 from https://www.intcorecycling.com/
How-to-Recycle-EVA-foam.html

Intertek (n.d.). Baby Pram and Stroller Testing to EN 1888.
Consulted on 12 April 2019 from http://www.intertek.com/
toys-childrens-products/baby-stroller-testing/

Jung. B. (n.d.). The Difference Between Refurbished &
Remanufactured. Consulted on 10 March, 2019 from https://
www.techwalla.com/articles/the-difference-between-
refurbished-remanufactured

KVK Innovatie top 100 (2017). Greentom Operations
BV. Consulted on 26 april 2019 from https://www.
kvkinnovatietop100.nl/site/inschrijving-2017-Greentom-
Operations?opendocument&utm_source=Twitter&utm_
medium=social&utm_content=Greentom&utm_
campaign=Inschrijven

Keijsers, K. (2013) [Master thesis]. The development of a
product service system for a bugaboo stroller. Consulted
on 12 November 2019 from https://repository.tudelft.nl/
islandora/object/uuid%3Ab318f659-610c-4dce-a976-
578bf51c77d2?collection=education

Ketenakkoord Kusntstof Kringloop (2016). [VIDEO.
Kunststofketen resultaten: QCP en SUEZ van gebruikte naar
nieuwe kunststofopgroteschaal. Consultedon 22 April2019
from https://www.youtube.com/watch?v=01ghQDnAkok

Kin,S.T.M. Ong, S.K., &Nee, A.Y.C.(2014). Remanufacturing
process planning. Procedia CIRP, 15, 189-194. https://doi.
org/10.1016/j.procir.2014.06.087

Kumar, S, & Putnam, V. (2008). Int . J . Production
Economics Cradle to cradle: Reverse logistics strategies
and opportunities across three industry sectors, 115, 305-
315. https://doi.org/10.1016/j.ijpe.2007.11.015

Langenscheidt (2018a). Bollern. Consulted on 10 may,
2019 from https://en.langenscheidt.com/german-english/
bollern

Langenscheidt (2018b). Wagen. Consulted on 10 may,
2019 from https://en.langenscheidt.com/german-english/
wagen#Wagen

Lavigne, G. de. (2015). The Draft Dog - Past and Present.
[Ebook] Raleigh, NC, USA: Lulu.com

Leggero (n.d.). Leggero Enso Surf <<Family>>. Consulted
on 28 January 2019 from https://www.leggero.de/leggero-
enso-surf-family/

109



Lenzing (2019). Fiber production. Derived on 1 April, 2019
from https://www.lenzing.com/sustainability/production/
fiber-production/

Lenzing A.G. (n.d.). Tencel General Leaflet. Derived on 1 April,
2019 from https://www.tencel.com/assets/downloads/
TENCEL_General_Leaflet_Preview_V1-4_20180531.pdf

Lenzing Group (2019) [VIDEO]. TENCEL Lyocell with
REFIBRA technology. Derived on 1 April, 2019 from https://
www.youtube.com/watch?v=brPHZ3Ls1Rg

Lenzing fibres (2005). The new age fiber. Consulted on 10
April, 2019 from https://bwear.ie/media/pdf/Tencel_the-
new-age-fibre.pdf

Lewis Thomas, N. (n.d.). What are Biodegradable
Fabrics?. Consulted on 7 April, 2019 from http://www.
fabricoftheworld.com/what-are-biodegradable-fabrics-
importance-and-examples/

Lorpen (2019). LYOCELL (TENCEL)L®. Consulted on 10
April, 2019 from https://www.lorpen.co.uk/technical/
lyocell-tencell/

Mind Tools Content Team (n.d.). Kano Model Analysis
- Delivering Products That Will Delight. Consulted on 8
February 2019 from https://www.mindtools.com/pages/
article/newCT_97.htm

NS (n.d.). Upcycleproducten. Consulted on 13 May 2019
from https://www.ns.nl/over-ns/duurzaamheid/recycling/
upcycleproducten.html

Norwexmovement (n.d.). Recycled vs. Biodegradable vs.
Compostable. Consulted on 7 April, 2019 from https://www.
norwexmovement.com/wp-content/themes/movement/
assets/docs/10599_Diff_Recycle_Bio_Compostable_
FINAL.pdf

Oelerig, J. (2016). Saxcell - CETextile 2016. Consulted
on 1 April 2019 from https://www.b2match.eu/system/
cetextile2016/files/Presentation_SaXcell_by_Jens_
Oelerich.pdf?1477314016

Patagonia (2012). Biodegradable and Compostable
Materials. Consulted on 7 April, 2019 from https://www.
patagonia.com/static/on/demandware.static/-/Library-
Sites-PatagoniaShared/default/dw94f0d2fb/PDF-US/
biodegradable_compostable.pdf

Patagonia (n.d.). Recycled Nylon. Consulted on 5 April,
2019 from https://www.patagonia.com/recycled-nylon.
html

Payne, A. (2015). 6 - Open- and closed-loop recycling
of textile and apparel products. Handbook of Life Cycle
Assessment (LCA) of Textiles and Clothing. Elsevier Ltd.
https://doi.org/10.1016/B978-0-08-100169-1.00006-X

Porter, E. (2019). Father's Day in Germany. Consulted on
10 May, 2019 from https://www.german-way.com/mothers-
and-fathers-day-in-germany/

QCPolymers (n.d. a). Circular. Consulted on 25 September
2018 from https://www.qgcpolymers.com/circular/

QCPolymers (n.d.b). Company. Consulted on 25 September
2018 from https://www.qgcpolymers.com/about/company/

RVO (n.d.). Biobased Economy. Consulted on 13 February
2019 from https://www.rvo.nl/onderwerpen/duurzaam-
ondernemen/groene-economie/biobased-economy

Rambler (n.d.). Explorer 65. Consulted on 28 January 2019
from  https://www.rambler.company/en/outdoor-wagons/
art/explorer-65

Red-dot-21 (2016). Greentom. Consulted on August 3, 2018
from https://red-dot-21.com/p/design-products/babies-
toddlers/pushchairs/greentom/

SUEZ Nederland (2016). [VIDEO]. Rotterdam Sortingplant
- long version (ENG) | SUEZ Nederland. Consulted
on 22 April 2019 from https://www.youtube.com/
watch?v=Xjot6NpySac

Shelley, T. (2010). A design for end of life. Consulted on
12 October 2019 from http://www.eurekamagazine.co.uk/
design-engineering-features/technology/a-design-for-end-
of-life/22911/

Shen, L, Worrell, E, & Patel, M. K. (2010). Open-loop
recycling: A LCA case study of PET bottle-to-fibre recycling.
Resources, Conservation and Recycling, 55(1), 34-52.
https://doi.org/10.1016/j.resconrec.2010.06.014

Shyam Prasad, S. (n.d.). Kano Model of Customer
Satisfaction and its Importance. Consulted on 8 February
2019 from https://www.isme.in/kano-model-of-customer-
satisfaction-and-its-importance/

110



Sittardgeleen  (2018).  Kunststofrecycling bij QCP:
joint-venture LyondellBasell en SUEZ. Consulted on
25 September from https:/sittard-geleen.nieuws.nl/
nieuws/20180314/kunststofrecycling-bij-qcp-joint-
venture-lyondellbasell-en-suez/

Soest (n.d.). Marine Debris Biodegradation Time Line.
Consulted on 7 April, 2019 from http://cmore.soest.hawaii.
edu/cruises/super/biodegradation.htm

Song, J. H., Murphy, R. J., Narayan, R, & Davies, G. B. H.
(2009). Biodegradable and compostable alternatives to
conventional plastics. Philosophical Transactions of the
Royal Society B: Biological Sciences, 364(1526), 2127-
2139. https://doi.org/10.1098/rstb.2008.0289

Sorbo, N. (2019), CO2-Based Spray Cleaning of Automotive
Parts. Consulted on 2 April, 2019 from https://www.pfonline.
com/articles/co2-based-spray-cleaning-of-automotive-
parts

Tencel (2018). Sustainability. Derived on 1 April, 2019 from
https://www.tencel.com/sustainability

The Design Trust (2018). Confused about cost price,
wholesale price, retail price? Price terminology easily
explained for creatives. Consulted on 26 June 2019 from
https://www.thedesigntrust.co.uk/cost-price-wholesale-
price-retail-price/

The renewal workshop (2018). Renewed Apparel.
Consulted on 2 April, 2019 from https://renewalworkshop.
com/pages/renewed-apparel

Umwelt Bundesamt (2019). Resource use and its
consequences. Consulted on 12 September 2019 from
https://www.umweltbundesamt.de/en/topics/waste-
resources/resource-use-its-consequences

Van Dam Art and Design (2012) Consulted on 10 March
2019 from http://www.vandam-kunststoffen.eu/kunststof-
herkenning.html

Veer (n.d.) Cruiser. Consulted on 28 January 2019 from
https://global.goveer.com/cruisers/cruiser-accessories/

Vink Kunststoffen (2019). Kunststoffen herkennen.
Consulted on 13 March, 2019 from https://www.
vinkkunststoffen.nl/kenniscentrum/kunststof-herkennen

Vogtlander, J. G. (2010). A practical guide to LCA for
students, designers and business managers. Delft: VSSD

Zwangerschapspagina (2017a). Bolderkar ervaringen.
Consulted on 27 September 2018 from https://
www.zwangerschapspagina.nl/threads/bolderkar-
ervaringen.656509/

Zwangerschapspagina(2017b).Welkebolderkar.Consulted
on 27 September https://www.zwangerschapspagina.nl/
threads/welke-bolderkar.660538/

Zwangerschapspagina (2017c). Opvouwbare bolderkar.
Ervaringen?. Consulted on 27 September from https://www.
zwangerschapspagina.nl/threads/opvouwbare-bolderkar-
ervaringen.502279/

de Brito, M. P., Dekker, R, & Flapper, S. D. P. (2011). Reverse
Logistics: A Review of Case Studies, 243-281. https://doi.
0rg/10.1007/978-3-642-17020-1_13

de Pauw, I. (2015). Nature-Inspired Design: Strategies for
Sustainable Development. [PhD thesis] Delft, Netherlands:
Delft Academic Press.

van den Oever, M., Molenveld, K, van der Zee, M., & Bos,
H. (2017). Bio-based and biodegradable plastics: facts
and figures: focus on food packaging in the Netherlands.
Consulted on 13 May 2019 from https://www.wur.
nl/upload_mm/1/e/7/01452551-06c5-4dc3-b278-
173dab3356bb_170421%20Report%20Bio-based%20
Plastic%20Facts.pd

Image references:

Agro-chemie (2019). Plantje. Consulted on 17 June
2019 from https://www.agro-chemie.nl/wp-content/
uploads/2019/04/plantje.jpg

Albee Baby (2017) [VIDEO]. Veer Cruiser Stroller Wagon -
Go & Stow. Consulted on 1 March 2019 from https://youtu.
be/6Sgcoogn000

Aroyan, B. (2014). Re-Imagining Rubber - PLUSfoam'’s Flip-
Flop Recycling Revolution. Consulted on 17 June 2019 from
https://patagonia.typepad.com/thecleanestline/2013/07/
re-imagining-rubber-plusfoams-flip-flop-recycling-
revolution.html

111



Contractoptions (n.d.). Ecosurfaces. Consulted on 17 June
from http://www.contractoptions.com/ecosurfaces.ntml

Greenblue (n.d.). Life cycle design. Consulted on 23 April,
2019 from https://greenblue.org/about/smm/

Haider, D. (2019). Alter Leiterwagen aus Holz. Consulted
on 12 September 2019 from https://www.willhaben.
at/iad/kaufen-und-verkaufen/d/alter-leiterwagen-aus-
holz-325113821/

Ourlittlephotodiary (2017). On the (off) road. Consulted on
12 September, 2019 from https://www.ourlittlephotodiary.
nl/2017/06/06/on-the-off-road/

ProvideYourOwn (n.d.). Repair Plastic Parts. Consulted on
30 September 2019 from https://www.instructables.com/
id/Repair-Plastic-Parts/

112



113









ineering
2019

Eng

- 1




	Acknowledgements
	Word list
	Preface
	Abstract

	01
	DESCRIBE
	1.1 Introduction
	1.2 Project Brief
	1.2.1 Project focus
	1.2.2 Design goal

	1.3 Approach

	02
	RESEARCH
	2.1 Competing hand carts
	2.1.1 Hand cart analysis
	2.1.1.1 Desk research 
	2.1.1.2 Trying out hand carts

	2.1.2  Perceptual map

	2.2 Field Research
	2.2.1 Methods
	2.2.2 Questionnaire
	2.2.3 Interviews
	2.2.3.1 User interview
	2.2.3.2 Retailer interview

	2.2.3 Conclusion Field Research 

	2.3 Sustainability
	2.3.1 Method
	2.3.2 Current PLC and circularity
	2.3.3 Future PLC and circularity
	2.3.4 Current environmental impact
	2.3.4.1 Fast-track LCA
	2.3.4.2 Results Fast-track LCA

	2.3.5 Future environmental impact
	2.3.6 Material Selection
	2.3.6.1 Greentom's current rPP supplier 
	2.3.6.2 Chassis
	2.3.6.3 Textiles
	2.3.6.4 Indications - Tyres and cushioning

	2.3.7 Conclusion Sustainability

	2.4 Conclusions - Research

	03
	IDEATION
	3.1 Form family
	3.2 Product Style
	3.3 Ideas for Cost Reduction
	3.4 First Design Sketches
	3.5 Five Product Ideas

	04
	CONCEPTING
	4.1 Ergonomics & Construction
	4.1.1 Ergonomics
	4.1.1.1 Volume and dimensions
	4.1.1.2 Manoeuvrability - wheel configuration
	4.1.1.3 Manoeuvrability - Push/pull bar 

	4.1.2 Construction
	4.1.2.1 Stiffness and deflection


	4.2 Concepts
	4.2.1 Concept 1 - 'Horizontals'
	4.2.2 Concept 2 - 'Twofold'
	4.2.3 Concept 3 - 'Diagonal'

	4.3 Concept evaluation

	05
	DETAILING
	5.1 Mock-up chosen concept
	5.2 Attribute development
	5.2.1 KANO model of satisfaction
	5.2.2 Satisfiers
	5.2.2.1 Large wheels 
	5.2.2.2 Easy folding mechanism

	5.2.3 Exciters
	5.2.3.1 Re-attachable push/pull bar
	5.2.3.2 Attachment of Greentom accessories
	5.2.3.3 Entry gate for children


	5.3 Prototype evaluation
	5.3.1 Minimum Viable Product 
	5.3.2 User Test
	5.3.2.1 Research questions
	5.3.2.2 Method
	5.3.2.3 Results
	5.3.2.4 Discussion



	06
	EVALUATION
	6.1 Greentom Go
	6.2 Evaluation
	6.3 Recommendation
	6.4 Reflection
	6.5 References

	APPENDIX
	A1 Key Stakeholders
	A1.1 Identifying stakeholders
	A1.2 Defining key stakeholders

	A2 List of Hand Carts
	A3 Hand cart norms
	A4 Online users' experiences
	A5 Questionnaire questions
	A6 Questionnaire - Full results
	A7 CC for alternative scenario
	A8 Interview - User
	A9 Interview - Retailer
	A10 Alternative End-of-Lifes
	A10.1 Biodegrading
	A10.2 Composting

	A11 Chassis and textile EoL
	A11.1 Design for (dis)assembly
	A11.2 Recycling - Textiles
	A11.3 Composting - Textiles

	A12 Defining materials
	A12.1 Chassis
	A12.2 Textile

	A13 Requirements and Wishes
	A14 Idea generation
	A15 Hand cart dimensioning 
	A16 Handlebar calculations
	A17 Structure models insights
	A18 Rejected concepts
	A19 Chosen concept evaluation
	A20 Side rod calculation
	A21 Handlebar length
	A22 Attachment accessories
	A23 User test - questions
	A24 Weight estimation


