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We consume more and more which also have led to 
an increase in the waste we most handle. In public 
environment, common solution have been to increase the 
size of the waste bin, but that’s not always an option. To 
big and it may interfere with the environment it placed 
in. Another approach is to compress the disposed waste 
and so increase the waste bins capacity without increasing 
the volume of the wastebin itself. BigBelly is one product 
which have embraced this apprach. It is a solar driven 
compressing waste bin commonly seen in big cities around 
the world. The problem is that some miner municipalities 
and private companies still are in need of a solution but 
don’t have the resources to obtain BigBellys or other 
similar solutions. One way to approach this market is to 
develop a waste bin without the electric usually expensive 
components and develop a less expensive compressible 
waste bin that’s still an effective choice.

To understand the needs, both of those who dispose of 
waste publicly but also those who manage the waste bins, 
have interviews, observations, questionaries and focus 
groups been used to gather valuable data. This data have 
then been remade in terms of user needs and ranked 
according to importance by the users themselves and the 
project manager. Some highly ranked needs are: the waste 
bin is steady and robust, the waste bin can only be opened 
by those who handle/empty the waste bins, a manual 
compression can be performed by those who throw the 
waste, and a manual compression can be performed 
without any major effort. 

Vi konsumerar allt mer vilket också har lett till en ökning 
av det skräp och avfall vi måste hantera. En lösning för 
att hantera detta problem i allmänna områden är att 
öka storleken på sopkorgarna, men det är inte alltid ett 
alternativ. För stor och de kan störa miljön de befinner sig i. 
En annan lösning är att komprimera skräpet och på så sätt 
öka papperskorgens kapacitet utan att öka papperskorgens 
volym. BigBelly är en soldriven komprimerande 
papperskorg som har blivit allt vanligare i storstäder runt 
om i världen. Problemet är att visa mindre städer och 
privata företag är fortfarande i behov av en lösning men 
har kanske inte alltid resurserna för att införskaffa sig 
BigBellys eller andra liknande lösningar.  Ett sätt för att ta 
sig in på en sådan marknad är att utveckla en papperskorg 
utan de elektriska ofta dyra komponenterna och utveckla 
en billig komprimerande papperskorg som fortfarande är 
ett effektiv val.

För att förstå behovet, både från de som kaster skräp 
allmänt men också de som sköter papperskorgarna, 
har intervjuer, observationer, enkätundersökningar 
och fokusgrupper använts för att samla in värdefull 
information. Den informationen har sedan omvandlats i 
form av användarbehov och rankats utifrån användarna 
och projektledaren. Vissa högt rankade behov är: 
Papperskorgen är stadig och robust, papperskorgen 
kan bara öppnas utav de som hanterar och tömmer 
papperskorgen, en manuell komprimering kan utföras 
utav de som kastar skräpet, en manuell komprimering kan 
utföras utan större ansträngning.

By the method Design by analogies and a workshop held 
at Luleå University of Technology was ideas created. The 
three concepts with the highest potential were selected via 
Pugh’s selection matrix and tested according to efficiency 
and effectivity. The concept with the highest result was 
developed in Simens NX a CAD-program and then 
used as a template for the construction of a functional 
prototype. By testing and analyzing the prototype a 
product specification could be created.

The final result, which is based on the prototype and 
the specification, consist of two rendered waste bins, 
developed towards compression in public environment. 
The compactor is based on a scissor-lift design modified 
to expand and so compress waste by gravity and contract 
by the energy of the users. Both models are estimated to 
enhance the capacity of 170-200% compared with a waste 
bin none-compressing waste bin of the same size. Model 
1 requires a force of 196N from the user during use while 
model 2 requires force of 123N.

Genom metoden Design-by-analogies och en workshop 
utförd på Luleå tekniska universitet skapades konceptuella 
idéer. De tre koncept med högst potential gallrades ut 
via Pugh’s selection matix och testades sedan efter bästa 
effektivitet. Konceptet med högsta resultatet utvecklades 
i Siemens NX, ett CAD-program, som sedan togs vidare 
som underlag för utvecklandet av en funktionell prototyp. 
Genom att testa och analysera prototypen skapades en 
Produkt specifikation.

Slutresultatet, vilket baserades på prototypen och 
specifikationen, består av två renderade papperskorgar 
utvecklade för komprimering i allmän miljö. Kompaktorn 
baseras på designen av en sax-lift modifierat för att 
expandera och komprimera skräpet med hjälp av 
gravitationen, och kontraheras med energin från 
användaren. Båda modellerna uppskattas höja kapacitet 
med 170–200% jämfört med en papperskorg av 
samma volym utan komprimering. Modell 1 kräver vid 
användning en kraft på 196N medan modell 2 kräver  en 
kraft på 123N.
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We humans are increasing our consummation (Smith, 
1993). Naturally, the waste will also increase, as 
well the demands on how waste can and should be 
handled. Manufacturers who have chosen to cope with 
increased public waste volumes have either focused 
on big underground waste bins or other expensive 
solutions focused towards large cities. 

There are municipalities and organizations who are in 
need of new or additional solutions on how to store 
more waste. The problem is affording the available 
solutions coping with this problem especially when 
these demands many times are temporary periods 
during certain periods. In the development of a waste 
management system factors as environmentally 
effective, economically affordable and socially 
acceptable must be considered to be a sustainable 
product (Morrissey & Browne, 2004). With those 
in consideration, this master thesis examines the 
possibilities on how to increase a waste bins capacity 
without increasing the volume of the waste bin itself. 
This product development project is a final master 
thesis in Industrial design engineering at Luleå 
University of Technology (LTU). The thesis takes 
place between September of 2017 and February 2018.

1.1 BACKGROUND
The waste bin comes in many different forms and sizes. 
Some have been developed for parks, some for offices 
and other bigger ones can be seen at recycling stations or 
outside residential areas. What they all have in common is 
that they store the waste we daily dispose of. To cope with 
the amount of waste that every day being discarded, many 
waste bins must be emptied daily, some even several times 
a day. Populated areas have coped with this by either extend 
the waste bin volume underground or use solar driven 
compressible waste bins. The solar-driven compressible 
waste bins are steadily growing in number. At 2015 was 
these models used within 47 countries and with roughly 
30.000 sold units (Clancy, 2015). These models can often 
be seen in bigger cities as Stockholm, Göteborg, Lund, and 
Uppsala. On the other hand, such models are expensive, 
creating room for new ideas and improvements targeting 
the lower price range. Due to the involvement of the user 
and the caretaker of the waste bin, will this project have a 
big focus on user need and user experience.

1.2 STAKEHOLDERS
A product of this kind is used by two user groups by two 
different reasons. The first group is the ones managing 
the waste bins. This group is hereafter called caretakers. 
Caretakers could work within cleaning agencies, property 
management or localities. They are taking care of the 
waste bins and making sure they are emptied at need. A 
compressible implementation will affect the caretakers by 
reducing or removing the time traveling to or between 
waste bins. It will also reduce the time managing them.

The second user group, which hereafter is called everyday 
disposer, is those who integrate with waste bins when they 
must dispose of something. It can be someone who has 
finished their coffee in the park and now want to dispose 
of it or a worker who is clearing away after a lunch at the 
office. The everyday disposer has no obligation to integrate 
with a waste bin, compared to the caretaker who’s work it 
is to integrate with it.

Another stakeholder to have in consideration is potential 
owners of this product. In their case, the product should 
have low manufacturing costs, low assembly time, and 
as few costly time-consuming problems as possible. 
The product should also esthetically fit in multiple 
environments as well as withstand bad and varying 
weather.

1.3 OBJECTIVES AND AIMS
The objective of this project is to develop an alternative 
waste bin solution that can increase a waste bins capacity 
without increasing the size of the waste bin itself, and by 
so increase the time between two waste bin emptyings. 
The main goal is to deliver a functional prototype and 
a final CAD-model developed considered the aspects, 
environmentally effective, economically affordable and 
socially acceptable. Another goal is to deliver a current 
situation analysis of the waste bin market.

1.4 RESEARCH QUESTIONS 
The research questions defined for this project are as 
followed:

• how could the mechanic behind a compressing 
system be designed to work entirely from energy of 
the user? 

• How effective can a compressing system become and 
still require acceptable efficiency?  

• How could the product be designed to enhance user 
experience?

1.5 PROJECT SCOPE 
The thesis will during the inspiration phase focus on 
understanding how a waste bin is managed today, what 
are the needs of those managing them, and what differs 
between how a waste bin is handled outdoor, indoor 
and by those which are emptied by crane. This phases 
will also focus on the everyday disposer user group and 
what’s their attitude towards a manually compressible 
waste bin. Within this project, a prototype will have been 
developed and tested. Based on prototype test a final 
model will be created in CAD. The final model may serve 
as a basis for further development or be a template for a 
future production. The time given to finish the project is 
approximately 20 weeks. This timespan will limit some 
phases of the project. The inspiration phases will, for 
example, be limited in the way that a broader market 
research with observations and interviews would be 
necessary to fully understand the market and its needs. To 
develop a fully working product, several more prototypes 
would also be necessary, as wells as an increased budget.

1.6 THESIS OUTLINE
Chapter 1: Introduction
Chapter 1 include the background of the project, the aim, 
the goals and the stakeholders that may be affected by this 
product development.

Chapter 2: Context
Chapter 2 examines the current state of waste bin models, 
the areas in which they are used and how they are managed 
today. A benchmark examines the width of compactors, 
both industrial and those implemented towards public 
use.Theory relevant to understand waste handling will 
also be presented.

Chapter 3: Theory
Chapter 3 covers definitions and scholar literature relevant 
within the fields of industrial design engineering and 
background of this project. From human-centered design 
to usability,  user experience, ergonomics and mechanical 
principles.

Chapter 4: Method and implementation
Chapter 4 covers the methods used towards the design of 
the final concept, as well how and why those methods was 

introduction 1
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This chapter examines the current state of waste bin 
models, the areas in which they are used and how they 
are managed today. A benchmark examines the width 
of compactors, both industrial and those implemented 
towards public use.Theory relevant to understand 
waste handling will also be presented.

context 2used. The methods is build on first understand the people 
and the environment the project is developed towards, 
followed by ideation based on the collected needs, and 
eventually how those ideas were implemented to lastly 
have a final result.

Chapter 5: Result method and implementation
Chapter 5 introduces the result from each step of the 
design process. From the data gathered during the context 
immersion to the analysis of the prototype.

Chapter 6: Final result
In chapter 6 is two final concept illustrated and presented 
according to, how to use, area of use, shape and color, text 
and symbolism, and function. Lastly is efficiency, effect 
and dimensions compared between the models as well 
suggestions on how the product can be manufactured.

Chapter 7: Discussion
Chapter 7 discusses the theoretical framework against the 
result of the final models as well how these models could 
be further developed.

Chapter 8: Conlusion 
Chapter 8 answers the research questions stated in the 
beginning of the project.

4
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2.1 CURRENT STATE
The market for waste bins is broad. It is as much a product 
for indoor environment as for outdoor environment. The 
waste bins for indoor environment can be devided into 
three general waste bin models. The waste-can is one of 
them. In comparison with other models it’s small, and 
therefore often used at somehow closed areas, as toilets, 
offices or group rooms. How often the waste-can is 
emptied depends strongly on where and who is using it. 
At an office, around ones a week, but in a school group 
room, often four and five times a week. 

The second model is the more public placed, bigger waste 
bin. It be seen at shopping malls, schools or other facilities 
as sports arenas, schools or hospitals. They are usually 
placed in open areas alone or grouped together, giving 
the opportunity to sort the waste ( figure 1). In LTU, this 
model is usually emptied once every day. Although, if the 
waste is sorted and the level of waste is low, the caretaker 
can choose to not emptying them. However, Other areas 
with similar waste bins may have different emptying 
intervals. Within bigger offices, dining rooms, and some 
fast-food restaurants, the indoor recycling station can be 
more convinient to use when It has a wider opportunity 
for sorting (figure 2). These three mentioned models are 
often emptied by cleaning agencies or by the business 
owning them. 

The outdoor market has, in comparison with the indoor 
market, a much wider range of waste bin models. The 
market can easier be understood if it’s divided into hand-
managed waste bins, and assistance-managed waste bins. 
Hand-managed waste bins are smaller in size which make 
them manageable for caretakers when they are emptied. 
They can, be seen at parks, on lampposts, outside entries 
or inside recycling buildings (figure 3). How often they are 
emptied is strongly dependent on season and where they 

are placed. For example, during the autumn in Luleå, a 
waste bin can manage a week without the need of being 
emptied, but during summer, the same waste bin sometimes 
must be emptied up to 3 times a day.  The second group of 
outdoor waste bins is the waste bins models with storage 
big enough to require lifting assistance. They are often 
used in residential areas, campsites, beaches or outside 
schools, kindergartens, hospitals, and hotels. Many of 
those models have extended storage underground. For 
example, the model Molok Domino (figure 4) has 60% 
of its volume beneath the ground. These bigger waste bin 
is either store the waste in storage bags or direct contact 
with the container. When emptied, the bag is lifted by a 
crane and opened from the bottom over a truck. In the 
other case, the waste bin itself is lifted and opened above 
the truck. 

2.2 BENCHMARKING
This benchmark present many of the various products 
used to compress waste today. A compactor, as it often 
called, exist in many forms and are mostly used to 
compress large volumes of waste and is mostly common in 
connection with industries, warehouses and other bigger 
facilities. However, in the last 10 years compactors has 
more an more been seen implementated in smaller public 
waste bins. This market is, however, strongly dominated 
by the brand BigBelly, who maufactors solar driven 
compactors. More about BigBelly and other compactors 
will be presented later in this section.

The pendulum compactor is a compactor which can 
produce compaction force of 240kN and has the ability to 
contain huge volumes (see A at figure 5).  This compactor 
work by a pendulum rotating around its own axis, pushing 
the waste from the chute into a closed container. When the 
container is full and compressed to its fullest, it is emptied 
from the back. This type of compactors is optimized for 

Figure 1: Grouped indoor waste bins gives  students 
at LTU oportunity for waste sorting. 

Figure 2: Indoor recykeling stations is placed at dinning areas inside LTU to 
give students option for waste sorting.

Figure 3: This outdoor waste bin model is one of many used 
in Luleås city environment.

Figure 4: This type of waste bin can be seen outside residential 
areas. They store large volumes of waste underground and 

therefore need lifting assistance when emptied.

wet materials and food waste. Another type of compactor 
is the Revolution waste compactor (see B at figure 5). It 
operates by a rotating screw, constantly pressing waste 
towards the end. A decreasing volume forcing the waste 
to slowly compromise. This process destroys the material 
and therefore also its material memory, meaning it will 
not be able to expand again. The roll packer is a portable 
compactor placed behind open containers (see C at figure 
6). It uses a heavy drum to roll back and forth over the 
material, tearing it up and by so compress it. The industrial 
baler is a model that uses a hydraulic ram to compress 
the loaded material (see D at figure 6). It is often used 
to compress waste of similar material, as cardboard or 
plastic foil. A manually operated baler uses human force 
to compress its material (see E at figure 6). It’s operated 
by pushing a lever which is linked to a press-plate, down 
through the bin. It’s optimized for plastic films and similar 
soft materials. 

The triangular switchblade press-system is another 
model for public use (see F at figure 6). It’s a battery-pack 
driven compressible waste container with storing area 
underground. It is not confirmed how the compression 
work. Supposedly there is something similar to the 
pendulum compressor. What is confirmed is that the 
compactor is placed underground and is only active when 
the container reaches its first un-compacted full level. 
The waste bin has also the ability to be fed while in cycle. 
Within the airplane industry, can vacuum compactors 
occur (see G at figure 6). Such waste bins are connected 
to the aircraft’s inboard vacuum or wastewater system via 
a plug-and-play docking station. It uses costume made 
vacuum bags to compress the waste on the airplanes. 

BigBelly is a solar driven compressible waste bin for public 
environment (see figure 5). It is often seen in inner cities 
and parks. This model uses scissor arm extension to

Figure 5: BigBelly is a compressible waste bin driven by 
solar energy.
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compress the waste. This waste bin can also provide free 
Wifi as well as provide the caretakers with information 
regarding the waste level, making it easier for the caretaker 
timing the emptying routine.

2.3 WASTE AND RECYCLING 
Waste is a word that is deeply connected to this project. 
What waste is and how it’s handled and prevented are 
all important aspects of the development of a waste bin. 
Waste is the material or object that the holder discard, or 
is in obligation to discard of (Miljöbalken, 1991). Waste 
is a consequence of everyday life and the society has to 
challenge itself to minimize the generated waste and to 
convert the waste into a source. Waste often consist of 
packaging. A package is a product that has been developed 
to contain, protect or introduce another product, and 
when a package is discarded, it is sorted either as glass, 
plastic, PET-bottles, paper, metal, metal-bottles or wood (
Svensk författningssamling, 2014). In 2015 was packaging 
apportioned as shown in figure 7 (statistiska centralbyrån, 
2016). Worell & Vesilind  (2011) explains that the 
European Union Directive have developed a five-step 
waste hierarchy in order to prevent the origin of waste, 
with the goal to minimize the landfilling. They are 
prioritized as follow:

(a) Prevention 
(b) Preparing for reuse

Figure 6: Illustration of different compressible solutions, used in today’s society.

(c) Recycling
(d) Other recovery, e.g. energy recovery
(e) Disposal

A prevention can, for example, be usage of fabric bags 
in a grocery stores (thus eliminating the use of one-
time plastic bags). If prevention is not feasible preparing 
for reuse is the next option. It can in this example be a 
heavy-duty plastic bag that has the durability to be reused. 
Next is preparation for recycling, such as collect and 
remanufacture the one-time plastic bag. The fourth step 
is would be to burn the plastic bags and collect energy. 
When everything else fails, the last option is to dispose of 
the bags in the landfills.

Figure 7: distribution of waste disposal 2015

This chapter covers definitions and scholar literature 
relevant within the fields of industrial design 
engineering and background of this project. From 
human-centered design to usability,  user experience, 
ergonomics and mechanical principles. 

 3 theoretical 
framework

8



9 10

3.1 INDUSTRIAL DESIGN 
ENGINEERING
This thesis is working within the field of industrial 
design engineering, and it’s therefore important to fully 
understand the field and how others describe it. Industrial 
design is now a modern everyday expression occurring 
both in design engineering and design aesthetics (Smets 
& Overbeeke, 1994). In the industry, there is often 
a relationship between industrial designers, design 
engineers and mechanical engineers (Tovey, 1989). 
Johannesson, person, Petersson (2013) explains industrial 
design as, product development for mass production 
within the industry. They further mean that the similar 
concept, industrial design engineering can be described as 
the field connecting design and mechanical engineering. 
Reinders, Diehl, & Brezet, (1980) have defined industrial 
design as 

“…a process of creation, invention, and definition 
separated from the means of production, 
involving an eventual synthesis of contributory 
and often conflicting factors into a concept of 
three-dimensional form, and its material reality, 
capable of multiple reproductions by mechanical 
means.” (p.12). 

Design itself, can many times be hard to define. According 
to Buchanan (2001) design has no clear definition, which 
constantly leads to a discussion in the design society. 
However, he believes that different definition is critical 
for advancing inquiry. Krippendorff (1989) has means 
that “design is making sense (of things)” (p.1). Buchanan 
(2001) on the other hand describes it as 

“Design is the human power of conceiving, 
planning, and making products that serve 
human beings in the accomplishment of their 
individual and collective purposes.” (p.9) 

Veryzer & Borja de Mozota, (2005) explains that design 
is playing an important role in the success by offering 
a strong way of position and differentiate products. 
He means that in many ways, design focus on the deep 
understanding of users and customers. 

3.2 HUMAN CENTRED DESIGN 
A product development can more or less be dependent 
on the opinions of the users. Some product developments 
may gain of more expertise-based development while 
other products are more dependent on user’s opinions 
and thoughts. This project will due the innovative aspect 
many times consider knowledge and opinions from a 
small but often experienced group. Other times it’s highly 
dependent on users input and therefore is the process of 
this project based on human centred design process.

Human centred design (HCD) is based upon the fields of 
ergonomics, computer science and artificial intelligence 

(Giacomin , 2014). When designing for humans, the 
roles and the responsibilities of the user are fundamental 
for ensuring success and is a given priority in a design 
process (Noyes, 2001). Steen (2009) means that HCD also 
is about involving and cooperating with potential users. 
International Organization for Standardization (ISO, 
2010) has defined HCD as:

“Human-centred design is an approach to 
interactive systems development that aims to 
make systems usable and useful by focusing 
on the users, their needs and requirements, 
and by applying human factors/ergonomics, 
and usability knowledge and techniques. This 
approach enhances effectiveness and efficiency, 
improves human well-being, user satisfaction, 
accessibility and sustainability; and counteracts 
possible adverse effects of use on human health, 
safety and performance”. 

ISO (2010) further explains that HCD can in practice be 
used synonymously with User centred design (UCD), 
but it addresses a number of stakeholders, not those 
considered typically users, and is therefore rather used 
that UCD. Maguire (2001) explains that a system that are 
badly designed tend to be under used, miss-used or fall 
into disuse, causing frustrated users often maintaining 
their current methods. 

According to Norman (1988) should a good design make 
it easy at any time determine the possible actions, make 
things visible, and make it easy to evaluate the current 
system, as well as follow mapping between intensions 
and required actions; between actions and the resulting 
effect; and between the information that is visible and 
the interpretation of the system state. In simpler words, 
Norman means that a designer should to begin with, make 
sure the user can figure out what to do, and after make 
sure the user is able to tell what’s going on. There are also 
those who mean that a HCD process can sometimes be 
problematic. Redström (2006) says that, when objects are 
adopted to closely fit us, it can result in loss of space for 
improvisation and interpretation. He further explains that 
use, users and their experience is not for the designers to 
deicide. Steen (2009) further mean that people may be 
unaware of their needs, having a problem describing their 
own need or are unwilling describing their need for the 
interviewer. 

3.3 USABILITY
The product developed in this project is highly dependent 
to satisfy, not only the one interacting with it but also 
those who are dependent on the product to deliver an 
expected result. How usable the product is therefore an 
aspect that’s most be considered in this project, especially 
when the product introduced is never experienced before. 

According to Nielsen (1993) can usability be applied to 
every aspect of a system, in which human may interact.  

ISO (2010) has defined usability as: 

“the extent to which a product can be used by 
specified users to achieve specified goals with 
effectiveness, efficiency and satisfaction in a 
specified context of use.”

Effectiveness can be seen as the extent to which a goal, 
or task, is achieved. If the goal is to produce 100 units 
daily, and the outcome is only 80, the effectivity is at a 
level of 80%. Efficiency, however, refers to the amount of 
effort required to achieved that goal. Higher Efficiency, 
requires less effort. Satisfaction can be referred as the level 
of comfort and how acceptable the user is while trying 
to achieve a goal. Satisfaction is a more subjective aspect 
of usability in comparison with effectivity and efficiency, 
therefore can it be more complicated to measure. However, 
if a products use is voluntary, satisfaction may be seen as 
the most important aspect (Jordan, 1998)

Sometimes have three other aspects been used to define 
usability instead of effectivity. They are: learnability, a 
system should be easy to learn, memorability, a system 
should be easy to remember, errors, the system should 
have low error rate (Nielsen, 1993). When a designer 
working with usability, Gould (1985) have suggested 
four principles which can be useful during product 
development. He means that it’s important to focus early 
and continuously on users, integrate with consideration of 
all aspects of usability, test versions with users early and 
continuously, and iterate the design. Dumas & Redish 
(1999) have explained usability as “people who use the 
product can do so quickly and easily to accomplish their 
own tasks” (p.4). To do so you need to know, understand 
and work with the people who represent the actual user 
of the product, and it is the users, not the developers who 
decide when a product is easy to use. 

Today there exist many poorly designed and unusable 
systems, which users find hard to learn and to operate. 
Those systems can have a high probability to be under-
used, misused or fall into disuse. Furthermore, can such 
systems be harmful for the reputation of the company 
developing it (Maguire, 2001). Jordan (1998) goes further 
and means that Lack in usability can have the effect 
making the user annoyed, but also, in worst case, putting 
their lives in risk. He gives the example, which been 
adapted to today’s society, if there’s a lack of usability in 
an alarm clock it may just result in delays, lack of usability 
in a car stereo can distract the drivers’ attention and by 
that putting lives in danger. Usability is often measured 
by including several test users performing a set of tasks, 
or measured having real users performing their tasks. 
However, it’s important that usability is measured relative 
certain users and tasks (Nielsen, 1993). 

3.4 USER EXPERIENCE
How a user experience a product can highly affect if the 
user like the product or not. If a waste bin, which in most 

cases is an easy product to use, is further developed, user 
experience as a factor may become even more important. 
How the user experience this product development is 
therefore a factor that must be considered. Allenwood 
& Beare (2014) even mean that the product of a design 
can only be a success if it provides the users with good 
experience. Compared to usability who manifests in 
aspects as productivity or learnability, user experience is 
about a person’s experience, at the moment experienced 
(Hassenzahl & Tractinsky, 2011). Forlizzi & Battarbee 
(2004) explains that user experience can be seen as the 
interaction between the people and the products, and that 
include experiencing it, physically, sensually, cognitively, 
emotionally or aesthetically. Frascara (2002) furthermore 
means that it’s important to understand that we can’t 
design experience, but if we can have access of peoples 
past, current and potential experience, user experience 
can be the source of inspiration and ideation for design 
and with such information we are prepared to design for 
experience. 

According to ISO (2010), user experience can be explained 
with the following three notes:
• User experience includes all the users’ emotions, 

beliefs, preferences, perceptions, physical 
and psychological responses, behaviors and 
accomplishments that occur before, during and after 
use.

• User experience is a consequence of brand image, 
presentation, functionality, system performance, 
interactive behavior and assistive capabilities of the 
interactive system, the user’s internal and physical 
state resulting from prior experiences, attitudes, skills 
and personality, and the context of use.

• Usability, when interpreted from the perspective 
of the users’ personal goals, can include the kind of 
perceptual and emotional aspects typically associated 
with user experience. Usability criteria can be used to 
assess aspects of user experience.

Garett (2010) explains that often can a humans’ various 
actions be associated with “bad luck” when it’s bad user 
experience that caused it. He further describes user 
experience as:

 “User experience is not about the inner workings 
of a product or service. User experience is about 
how it works on the outside, where a person 
comes in contact with it” (p.4).

3.5 ERGONOMICS
This product development is adopted towards public use. 
Which will require that the product can provide good 
experience towards people of different measurements, 
weight, gender, and age. Ergonomic is a wide concept 
working in both the fields of physical and mental strain. 
Because of the nature of the current project, this chapter 
will only focus on the fields of physical ergonomic, or 
better described as the human interaction in terms of 
forces, torque and mechanical energy (Hägg, et al., 2011). 
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The word ergonomic comes from the Greek ergos, work, 
and nomos, natural law, and can be defined as:

“the science of work: of the people who do 
it and the ways it is done, of the tools and the 
equipment they use, the places they work in, 
and the psychosocial aspects of the working 
situation” (Pheasant & Haslegrave, 2003, p.4).

They further explain that there are fallacies within 
ergonomics that often are expressed from the view of a 
designer. Statements as: this design is satisfactory for me 
- therefore it is satisfactory for everyone, or this design 
is satisfactory for the average person -  therefore is the 
design satisfactory for everybody else. In terms of design, 
it’s not possible to design for everyone. A usual approach is 
therefore to design for the 90 percent percentile. Allowing 
the design to fit the extremes can be very expensive in 
consideration of the few benefitting from it. However, 
this problem is many times solvable if the equipment can 
be adjusted (Noyes, 2001). As mentioned earlier, human 
measurement is also a factor this project involve, especially 
the body height. In Sweden, the mean value for a human 
male is 177,9 cm and for a female 164,6 cm (Cavelaars, et 
al., 2000). 

3.6 MECHANICAL PRINCIPLES
One of the challenges in this project is to solve the problem 
behind a compressing mechanism. A compressing 
mechanism can be created in many ways. Therefore, is 
it important to acquire knowledge behind mechanical 
principles, in order to understand how forces can by 
transformed into movements within a mechanical system. 
A mechanical systems primary elements is called links. A 
link has at least two nodes that are attachment points for 
other links. Such attachment points are called Joints, which 
allow motions or potential motions between connected 
links. When a group of links and joints is assembled, they 
become a kinematic chain. To be called a mechanism, 
at least one link most be fixed or attached to a frame of 
reference (Vepa, 2017). A binary link is a link which have 
two other links connected to it, and if three is connected 
is called ternary link, and quaternary is it called if four is 
connected (Brar & Bansal, 2004). A kinematic chain can 
be open or closed and are basically used to move objects 
by either transmit a force or a torque. The design behind 
kinematic chains is vital component in the understanding 
of modern machine practice (Marghitu, 2005).

This chapter covers the methods used towards the 
design of the final concept as well how and why 
those methods are used. The methods is build on 
first understand the people and the environment the 
project is developed towards, followed by ideation 
based on the collected needs, and eventually how 
those ideas were implemented to lastly have a final 
result.

 4 method and 
implementaion

12
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4.1  PROCESS
Due to the focus on user experience, will this project be 
based upon IDEO’s human centred design process. A 
process is a series of activities, changes, or functions, that 
will lead to a result (Karlsson, et al., 2011). This process 
follows the three main phases, Inspiration, Ideation, and 
Implementation. The process is based on the philosophy 
that designers most understand the people they designing 
for, and by that find solutions that are desirable, feasible, 
and viable (IDEO, 2015). This process will work as 
guideline to ensure structure within the project, as well as 
enable a reasonable timeframe for each phase. A process 
like this isn’t a perfect guideline, activities and phases may 
overlap each other and iteration is often necessary (Ulrich 
& Eppinger, 2012). 

4.2 PROJECT PLANNING
To structure the project, clear and well-planned milestones 
is needed. Trello is an online programme used to achieve 
that. The programme can create checklists, in this case 
based on the projects phases and sections. Each step of 
the checklist can easy be moved along the timeline and 
be updated with new information it that’s needed. To 
have overview of the process, a Gantt chart was used. 
A Gantt chart is a project model that visually displays a 
comprehensive picture of the projects different stages 
(Maylor, 2001). In was in this mostly used to show an 
overview of the planned work, and make it more easy for 
people outside the project to understand it.    

Figure 8: Illuestration of an IDEO based human centred design 
process, and the phases in which the process contain.

4.3 LITERATURE REVIEW
It is important to base information and decisions on other 
sources then own experiences and thoughts. One way 
to create a basis for this project is to sought knowledge 
by a literature review. A literature review is a summary 
of relevant and critical research and non-research 
literature based on the topic being studied (Hart, 1998). 
A good literature review should consist of few, if any 
personal biases and contain information gathered from 
many different sources (Cronin, et al., 2008). Moreover, 
a complete review should cover relevant literature but 
cannot be confined by one research mythology, one set of 
journals, or one geographic region (Watson, 2002). 

During this project have information been gathered 
from many sources. Online databases as Google Scholar 
and Scopus has been used to gather most of the relevant 
information. Often used key words is: waste, recycling, 
CAD, linkage, mechanical system, usability, HCD, 
and user experience. Other sources have been books 
from the library of LTU, and the website google Books. 
Inspirational sources towards product solutions have 
mostly been gathered from google search, and via teachers 
and professors from LTU. Keywords on google search 
have for example been: scissor-lift, pulley, sliding rail, 
force transmission, damper and wire.

4.4 CONTEXT IMMERSION 
This section is about understand the people and 
environment in which this project may affect. It’s based 
upon the methodology of various collective methods, 

focused on the caretaker and everyday disposer user 
group.

4.4.1 PARTICIPANT OBSHELVERVATION
In this project, a key factor is to understand waste 
management, and the occurring problems within the 
profession. Observation is an appropriate method for this 
problem when it gives valuable knowledge and insight on 
how products are used, how tasks are accomplished and 
why certain problems occur (Osvalder, et al., 2010). The 
method is also used to study the behavior of humans in 
certain situations or under certain events (Kylén, 2004). 
Gillham (2008) explains that observation “...deals not with 
what people say they do but what they actually do” (p.1). 
On the other hand, Gillham (2008) clarifies that there some 
dimensions of human experience, that observation can’t 
obtain, particular the “invisible” elements, as thoughts, 
feelings, intentions, and attitudes. 

Participatory observation is a common observation 
method (Osvalder, et al., 2010) that have been used 
during this project. Participatory observation focus on 
human existing seen from the standpoint of an insider 
(Jorgensen, 1989) and is a suitable example when a 
qualitative research is sought (DeWalt & DeWalt, 2011). 
DeWalt and DeWalt (2011) further explain participant 
observation as a “… method in which a researcher takes 
part in daily activities, rituals, interactions, and events 
of a group of people as one of the means of learning the 
explicit and tacit aspects of their life routines and their 
culture” (p.1). In this project has participant observation 
been performed during three occasions. The goal was to 
understand how a waste bin is handled and how often 
it’s emptied at the various areas where waste bins are 
used. Another goal was to understand the problems and 
challenges caretakers encounter during a day, and what 
are the differences between areas observed. The first 
observation was towards two caretakers from Närservice, 
a cleaning agency located at the LTU. The observation was 

conducted during their usual morning tour, from 6 am 
to 9 am inside the universities so-called A-building. They 
were observed during their interaction with smaller waste 
bins located within group rooms, bigger waste bins at 
more public places, and lastly recycling station located at 
dining areas. The second observation was held with a man 
from Renhållning Luleå. His job was to empty bigger waste 
bins, as Moloks, by crane. This observation was conducted 
during one of his stop outside a student residential area on 
the campus. The third observation was towards outdoor 
caretakers, specifically those who work with property 
management. This observation was conducted during the 
caretaker’s tour around the inner city and in a nearby park 
(figure 9). The observations were written down on paper.

4.4.2 INTERVIEW
To understand the context, and decide towards which 
direction this project development would be most 
beneficial, the knowledge and opinions of users can be 
of great value. The most basic method to collect such 
information is by interviews (Osvalder, et al., 2010). In this 
project was interviews conducted with the observations. 
When no specific information was requested, only a wider 
understanding of the caretaker’s profession as well as more 
knowledge about waste bins, was unstructured interviews 
the most fitting method to use. An unstructured interview 
is a qualitative based method, used when significant depth 
is required and does not reflect over preconceived theories 
or ideas and are often performed with none or little 
organization (Gill, et al., 2008). They further mean that an 
unstructured interview many times can be hard to manage 
since it provides little guidance for the participants, as well 
as it’s often time-consuming. Before the interviews were 
conducted, the purpose of the interview was explained 
to the participants. Worell and Vesilind (2011) suggest 
that the interviewer should describe how the interviewer 
going to be recorded as well as how the results going to be 
used. Beyond that have advice from Seidman (2013) been 
taken into account during the interviews. He means, when 

Figure 9: A caretaker who is about to empty a waste bin at a park in Luleå inner city.
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conducting an interview, it’s important to show interest 
and respect for people as individuals, have understanding 
and sympathy of their point of view and most importantly, 
a willingness to listen. All interviews were so-called face-
to-face interviews, conducted along their duties. A face-to-
face interviewer has the advantage, compared with phone 
or online interviews, to interpret body languages as well 
as instant responses (Opdenakker, 2006). To know more 
about how and where the interviews were conducted, read 
4.4.2 Participant Observation.

4.4.3 QUESTIONNAIRE
If a waste bin has a feature, which allowing or require 
physically integration with the users, it can be very 
important to understand the attitude and the will 
towards such an implementation. One way of collecting 
information is by a questionnaire. A questionnaire 
collects information that describes, compare or explain 
knowledge, attitudes, and behavior (Fink, 1995). There are 
many ways a survey can be distributed. It can be by a mail 
survey, group survey, or a visitor survey (Ejlertsson, 2005). 
During this project two surveys were distributed by mail, 
linked to google forms, which is an online programme 
used to quick and easy create surveys. Compared to postal 
surveys, telephone interviews, and personal interviews the 
distribution of e-mail surveys has a significant advantage 
of short response time, low cost and instant access to 
a wide audience (Healey, et al., 2002). However, the 
response rate is significantly lower for an e-mail survey 
(33.3%) compared to survey administrated face-to-face 
(56%) (Duncan, 2008). 

Questions in a survey can take two forms, open or closed. 
When the survey requires the respondents own words, it’s 
open, while when the answers or responses are preselected 
it’s called closed (Fink, 1995). An open survey consists 
of open questions which provide a lot of information, 
and tend therefore to result in a low rate of respondents 
(Ejlertsson, 2005). The first surveys created in this project 
was an open survey.  It was, to begin with, send as a pilot to 
8 people, and was improved accordingly to their remarks. 
It was then distributed by mail to 220 students of LTU 
and later posted at the forum Familjeliv. 60 surveys of 
the 220 were answered. Approximately 55 of those were 
from students at the university. The main purpose of this 
survey was to examine the attitude towards a compressible 
implementation. Therefore, was a question as: would you 
mind compress the waste you throw today in public spaces? 
and similar ones used.

In the construction of the second survey can a guideline 
Ejlertsson (2005) suggest be followed. He stated that 
questions should be simple in the formulation, clear in 
the meaning, non-leading and double negatives should 
be avoided. The survey was sent to the municipality of 
Luleå, Piteå, Örnsköldsvik, and Skellefteå. 8 surveys 
were answered, 2 less than the 10 Fink (1995) suggests. 
The second survey was directed towards waste bin 
caretakers of public outdoor environments. This survey 
was mainly used to rank needs based on the observations 
and interviews. These needs would later be used as in the 

creation of for the target specification. Closed questions 
are often seen in the form of a rating scale. In survey 2 
was a neutral 5-step scale used. It has for a long time been 
discussed if a rating scale should be odd, which then gives 
opportunity for a neutral answer, or even (Ejlertsson, 
2005). Matell and Jacoby (1972) concluded from a study 
that there is no answer to which odd or even alternatives 
are the better one. They meant that a neutral answer is 
useful depending on the situation, where for example 
cultural personalities is a factor. However, Ejlertsson 
(2005) says that humans are basically a positive creature 
and therefore does not tend to be neutral, which he means 
many times was the main reason for the believers of an 
even rating scale. He further says that a rating scale with 
a neutral alternative is more common and is advocated in 
the majority of the cases.

4.4.4 FOCUS GROUP
A focus group can be defined as “a research technique 
that collects data through group interaction on a topic 
determined by the researcher” (Morgan, 1996, p. 7). 
It was during this phase used to receive input from the 
participants though on a compressible waste bin. It was 
held at the office of the consultant agency Sigma in Luleå. 
5 consultants from Sigma was used as participants. Which 
is on the lower end of the 5-15 participants Johannesson, 
Persson, and Pettersson (2013) suggest being used. The 
focus group was moderated by this project manager. A 
moderator’s responsibility is to make sure everyone can 
express themselves without concern if others agree or not 
(Shamdasani, et al., 2007). A moderator has also as the job 
to keep the discussion on track, manage the time, ensure 
activity from all members, but most importantly, ensure 
the group obtains information. To collect data from a 
focus group, audio or videotapes is effective and often a 
used as a recording method (Ulrich & Eppinger, 2012). 
However, those methods also tend to alter responses from 
the members of the group as well as being time-consuming 
in the translation to static text (Shamdasani, et al., 2007). 
That’s the reason the conversation was recorded on paper 
along the session. The session was held during half an 
hour, which is lower compared with the 1-2 hours Morgan 
(1996) suggest a focus group session should be held. On 
the other hand, he also suggests that up to 4 topics should 
be brought forth, while in this case, only one topic was 
under discussion. 

A focus group can serve several purposes. It can be used 
as a self-contained method, in which the study serves as 
the main source of the qualitative data. It can also be used 
as a supplementary source, where the group discussion 
often serves as a preliminary source of data, or work to 
assist previous methods as a follow-up (Morgan, 1996). 
The survey worked, to begin with as a self-contained 
method where the subject was discussed with no 
further information from earlier methods. As a second 
part of the session, information from earlier methods 
where presented and the focus group could be seen as a 
supplementary source. The material from this discussion 
was used as an inspirational source in the ideation phase.

4.5 IDENTIFYING COSTUMER NEEDS
Ullrich & Eppinger (2012) says that a product needs to 
offer perceived benefits for the customer to feel satisfied. 
To ensure that a product is focused on the customer needs 
Ullrich & Eppinger (2012) suggest a five-step process. This 
five-step process was used in this project to later to define 
a target specification. Notice that the method also is used 
to identify the user needs of the target group everyday 
disposers. 

Step 1. Gather Raw Data from Customers
The first step is to create a channel where high-quality 
information can be gathered from the costumes to the 
product developer. The three most common methods 
to achieve that information by interview, focus groups, 
and observation. Another method that can be used is a 
survey, although it may not provide information about the 
use environment (Ulrich & Eppinger, 2012). How those 
methods were performed can be read more about earlier 
in this chapter. 

Step 2. Interpret Raw Data in Terms of Customer Needs
Costumer needs can be expressed as written statements, 
and each statement can be translated into a customer 
need. It’s important that this statement is interoperated 
and translated the right way. Ullrich & Eppinger (2012) 
has therefore created five guidelines for writing need 
statements. They are as followed: express needs in terms 
of what the product must do, not in terms of how it 
might do it, express needs as specifically as the raw data, 
use positive, not negative phrasing, express needs as an 
attribute of the product, and lastly, avoid the words must 
and should. These five statements were followed during 
the procedure of transforming the raw data gathered from 

the observations, interviews, surveys and focus group, into 
customer needs. The data from the first survey, towards 
the user group everyday disposers, was harder to interpret 
since the “needs” was based on the user’s assumptions. 
Therefore, was many of this needs based on the project 
manager’s thoughts and opinions. 

Step 3. Organize the Needs into a Hierarchy
The goal of this step is to organize the needs obtained from 
the two previous steps into a hierarchical list (figure 10). 
This list typically consists of a set of primary needs. Those 
needs may be characterized by so-called secondary needs, 
and in some cases, if the product is complex, the needs can 
be broken down into tertiary needs. To organize the needs 
in a hierarchical order Ullrich & Eppinger (2012) suggest 
the following a step-by-step procedure:

1. Print or write each need or statement on a separate 
card or self-stick note.

2. Eliminate redundant statements.
3. Group the cards according to the similarity of the 

needs they express.
4. For each group, chose a label.
5. Consider creating supergroups consisting of two to 

five groups.
6. Review and edit the organized needs statement.

Step 4. Establish the Relative Importance of the Needs
This step is about to establish the relative importance of 
the customer needs identified from the previous steps. 
The goal is to weight each subset of needs numerically, 
according to its importance. Ullrich & Eppinger (2012) 
suggest the following scale to measure the relative 
importance of each customer need:

Figure 10: With the goal of creating a target specification, the raw data conducted from the context immersion phase is 
translated into customer needs. In this picture, customer needs can be seen grouped according to similarity.
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1. Feature is undesirable. I would not consider a product 
with this feature.

2. Feature is not important, but I would not mind having 
it.

3. Feature would be nice to have but is not necessary.
4. Feature is highly desirable, but I would consider a 

product without it.
5. Feature is critical. I would not consider product 

without this feature. 

The approach of this task could either be relied on the 
team members or be answered by the users through a 
customer survey. Between those approaches, Ullrich & 
Eppinger (2012) means that there is an obvious trade-
off, speed versus accuracy. In this project, the relative 
importance was decided for the caretaker user group with 
a customer survey. The scale Ullrich & Eppinger (2012) 
suggest was used. The needs of the everyday disposer 
group were entirely scaled by the project manager. This 
choice was taken considered the lack of experience of the 
user group but also the time it would have taken using a 
customer survey.

Step 5. Reflect on the results and the process
The final step is about reflecting over the result of the 
need-finding process. Ullrich & Eppinger (2012) explains 
that the process isn’t an exact science and the result must, 
therefore, be challenged and verified by the group. This led 
to some minor changes in the scaling of the needs. Some 
needs, which appear irrelevant was discarded. Other 
needs, of those created by the project manager, would 
some be changed to clarify the meaning of the need.

4.6 TARGET SPECIFICATION
A target specification represents the hopes and aspirations 
of the development team and is established right after 
the identifying the customer needs and before promising 
concepts have been selected (Ulrich & Eppinger, 2012). 
In this project, the target specification will serve as a 
basis for the concept selection. Those needs which are 
relevant will also serve as a basis for the final concept 
development. A specification can be established more 
than one time throughout a project (Ulrich & Eppinger, 
2012), and will towards the end be developed into a final 
specification (Johannesson, et al., 2013). Johannesson, et 
al (2013) further says that a criterion from a specification 
can be divided into two main categories, criterions that 
are relevant to the products anticipated functions, and 
criterions that sets a limit for which a product solution 
should be allowed. They also mean that a criterion can 
be divided into a critical requirement, a requirement that 
must be met, and a desirable requirement, a requirement 
that can more or less be met, depending on the solution. 

Due to the circumstances of this project, with two distinct 
user groups, two targets specifications were established 
to simplify the development process. The first target 
specification is towards the caretaker user group, which 
was entirely decided by the user group themselves. It was 
based on needs from the survey and the interviews. The 
second target specification was towards the everyday 

disposer target group, which was inspired by the survey 1, 
but developed into needs and ranked by project member 
himself. The criterions in the target specification were 
criterions which were relevant to a product anticipated 
function. They were also as Johannesson, et al. (2013) 
suggested, divided into a critical and a desirable group. 

4.7 IDEATION
The target specification from the previous phase will work 
as a template for the ideation phase. This phase is created 
to first identify a framework that ideas easier can build 
around. A method based on analogies will increase the 
probability of find design good ideas can be created of. 
Lastly, will a workshop be conducted to get another view 
on the problem and also widen the number of ideas.

4.7.1 IDENTIFY POSSIBILITIES
Identifying possibilities is an approach created for this 
project with the goal of widening the view on how a 
problem can be approached, and so also increase the 
resulting number of ideas. The focus of this method is 
to ignore the logical mindset on how the ideas should 
work, in terms of function. The user of this method will 
instead think and visualize the idea in forms of forces 
and directions, not in concrete solutions that may limit 
the user’s mindset. The goal is to create a framework later 
ideas can be based on. This method was in this project 
used to identify different ways of performing compression. 
Instead of thinking in terms of mechanical solutions, 
the problem was handled with the question of, how will 
force be applied and in which directions could this force 
possible be directed to create compression? The factor that 
the waste bin also is limited by a plastic bag must also be 
considered.

4.7.2 DESIGN-BY-ANALOGIES 
Analogical reasoning has been discussed by a number of 
researchers as an important role in science, education, 
problem-solving and concept development (Clement, 
1998). This method was in this project used finding 
inspiration in mechanical structures that could provide 
the forces and direction identified by the previous method. 
According to Lindsey, et al (2014) is the method design-
by-analogies first about identifying key problems. Key 
problems can be design problems, customer needs, user 
activities etc. The key problems used during this phase 
of the project is based on the second research question: 
how could the mechanic behind a compressing feature be 
designed to work entirely from the energy of the user? It has 
been divided into following key problems:

• How will a mechanical compression work? 
• How will the user interact with the waste bin? 
• How will the mechanic between the compression and 

the user interaction be designed? 

Lindsey, et al (2014) means that those key problems can 
be identified with first potential analogies for further 
research and second potential analogies that can be 
used to find solutions in nearby fields. This means that 

Figure 11: This illustrates mechanical design broken down into basic functions that either can change 
the direction of a force, change the torque, or store the energy from a force. These characteristics will 

then be used to build concepts
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it requires research find solutions that solved similar 
problems. When using this method was, therefore, a lot 
of time spent finding mechanical solutions that could be 
adapted to work as towards a compressional solution. It 
could be everything from the mechanic in a tractor to 
minor components in engines or something as simple as a 
design of a scissor. The solutions find, where broken done 
to their most basic functions. Where characteristics that 
either could change the direction of a force, change the 
torque, or store the energy from a force was sought (figure 
11). Those characteristics were then used to generate ideas. 
The last step Lindsey, et al (2014) suggest is to generate 
ideas and develop the concept based on the result of those 
analogies.

4.7.3 BRAINSTORMING
The use of internal knowledge and creativity is often called 
brainstorming. It can be seen as a process of retrieving 
potentially useful knowledge from the memory and the 
adopting it to a given problem (Ulrich & Eppinger, 2012). 
In the Cambridge Dictionary (2013) is brainstorming 
explained as “an activity or business method in which 
a group of people meet to suggest a lot of new ideas for 
possible development”. Brainstorming is in this project 
used in connection with the workshop, which can be 
read more about later. The goal of using this method 
was to receive input from others opinions and thoughts. 
Osborn (1967) from who many claims to be the creator of 
brainstorming, says that a brainstorming session is nothing 
more than a way to spur creativity and make a list of ideas. 
He means, however, that those ideas can later be used as 
clues for problem-solving or/and be evaluated for further 
development. There are four principles Osborn (1967) 
mean should be followed during a brainstorming session. 
These principles were explained to the participants before 
the first brainstorming session was held. Those principles 
are: 

• Criticism is ruled out. Adverse judgment must be 
withheld until later.

• Welcome wild ideas. The more bizarre and crazy the 
idea is the better it is. It easier to make an idea less 
bizarre.

• Quantity is wanted. More ideas increase the 
opportunity for good ideas.

• Combination and improvement are sought. Two ideas 
from a group can together become one good idea.

To further spur more ideas, rules created by (Kelley, et 
al., 2001) from IDEO was used. They were as followed: 
number each idea, write on medium visual for the whole 
group, have a warm-up before the brainstorming session, 
get physical, and the facilitator should build and jump 
when there is a flow in the momentum. To the rule number, 
each idea was an additional goal described to further spur 
more ideas. The goal was to at least come up with 10 ideas 
each. The group was also told to be as visual as they could, 
to make it both easier and faster understanding the idea. 
More about the brainstorming session can be read under 
4.7.5 Workshop.

4.7.4 WORKSHOP
It’s easy as a single project member to get stuck in a simple 
mindset. Especially during the ideation phase where 
creative and innovative ideas are the key to a successful 
future project. It can, therefore, be necessary to take into 
account others views and thoughts on the problem. A 
creative workshop can be a good method to obtaining 
others ideas and thoughts. A workshop is a way to engage 
participants in an intense creative activity, usually with 
focus on a specific problem (Martin & Hannington, 2012). 
A workshop usually consists of 6-15 participants and are 
often people who work together, is in the same field, or by 
people who have experience in the subject (Community 
tool box, 2017). When planning the workshop for this 
project, 7 rules by Steinert (1992) was followed. Those 
rules are according to the author, all important aspects of 
a successful workshop. They are as followed:

• Define the objectives for the teaching session.
• Find who your audience will be.
• Determine the teaching method and design 

appropriately.
• Outline the objectives of the teaching session.
• Create a relaxed atmosphere for learning.
• Provide relevant and practical information.
• Vary the activities and the style.

The workshop was held at a Friday before lunch. 6 persons, 
all known by the project manager, attended the workshop. 
Every participant except one was familiar with workshop 
as a concept. The workshop session began with an agenda 
for the upcoming session followed by a presentation over 
the main goal and what problem there was to be solved. 
The presentation ended with some of the results from the 
benchmarking. It was mainly to provide the participants 
with some inspiration due to the quite unknown subject. 
To create a good atmosphere and to worm up the 
participant’s creative senses, the session began with a 
funny competition (figure 12). When the game was over, 
the workshop began the brainstorming phase. The main 
problem was again presented, this time more specific. The 
session began with 10 minutes of generating own ideas 
(figure 13). All ideas were sketched down on post-it notes, 
which would make them easy to move and group later. 
The ideas were then presented to the group, this way the 
participants could as Osborn (1967) suggested, combine 
and improve each other’s ideas. Before the next session, 
the participants were informed about the result from 
the earlier ideation methods with the hope of spur the 
participant with new creative ideas. The second session 
had also a time-limit of 10 minutes. Compared with 
the last time the participant could now also discuss and 
create ideas together. The workshop ended with fika, as 
each participant presented and explained their own ideas 
created during both workshop sessions. The post-it notes 
where then attached to A3 papers which made it easier to 
both transport and analyze them later on.

4.8 CONCEPT SELECTION

The process of evaluating concepts with respect to user 
needs and other criterions is called concept selection 
(Ulrich & Eppinger, 2012). The direction of the design 
embodiment is vitally dependent which concept the 
design is based upon. Therefore, can the process of 
concept selection be seen as a crucial part of the design 
process. It’s also a necessary element to rapidly evaluate 
design ideas in order to increase the design productivity 
(Ayag & Özdemir, 2008). There is a variety of methods 
that can be used to narrow down and choose concepts. 
One way to separate potential concept from those which 
isn’t is to use intuition (Ulrich & Eppinger, 2012). By using 
intuition in this project, the ideas could be narrowed down 
to 8 concepts used for further selection. Another method 
suggested by Ulrich & Eppinger (2012)  and which was 
used decide the last three concepts was the Pugh’s concept 
selection method. Pugh’s selection method is a simple and 
fast method, which is adapted to single man decisions 
(King & Sivaloganathan, 2010).

This method is based on a matrix where each concept is 
rated towards a selection of criterion based on the user 
needs. One concept will be chosen as a reference concept 
which every other concept is relatively rated towards. 
If a concept is relatively better at a certain criterion (+) 
is used, if it’s the same (0) is used, and if the concept is 
worse (–) is used. A net score shows the resulting score 
for each concept. This net score can then be used to rank 
the concept relatively each other. The three highest ranked 
concepts is taken to the next phase. 

Figure 12: With the help of a 3D-pen, participants competed in teams who could best mimic the construction of the golden 
gate bridge. This game was a way to create a relaxed atmosphere as well as warm up the participant’s creative senses. 

4.9 IMPLEMENTATION
This section contains the methods used to test and 
develop the ideas chosen from the ideas phase. CAD and 
prototyping are is a foundation towards the finale concept.

4.9.1 EFFICIENCY-EFFECTIVENESS 
COMPRESSION TEST (EEC-TEST)
The satisfaction in a manually compressible waste bin can 
strongly be dependent on the amount of force needed to 
interact with the product. This force applied by the user 
is related to the applying force from the compressor but 
also the distance which the compressor must move. To 
achieve good satisfaction, the product needs to be low-
demanding, without losing too much of the compressing 
effect. It is therefore important to understand the relation 
between the force of the compression and the distance the 
force is compressed. This relation has been examined by 
a customized method named the Efficiency-Effectivity 
compressing test. It’s named after the force needed to 
perform the compression (efficiency) and the result it lead 
to in speak of amount compressed waste (effectivity). 

The compression of waste is in this method performed 
in different ways according to the ideas chosen from 
the previous phase. This method is used to measure the 
concepts efficiency and effectivity. The goal of this method 
is to find out the different concepts capacity and which 
requires force such capacity requires from the user. Another 
goal is to understand of how waste behaves under applied 



21 22

Figure 13: The first brainstorming session was about creating own ideas without input from other participants. To spur 
more ideas, the participants were told to number every idea they had and follow the goal of creating 10 ideas each.

force. This is performed according to figure 14, where a 
plate and scale is placed on the waste and pressed until 
the required force is shown on scale. In this method will 
the three chosen ideas and their respective compressing 
design be tested and analyzed. A first test, which has 
nothing to do with the three concepts are used before 
concept testing to understand how waste behaves under 
pressure. The effectivity of this three test is determined by 
comparing the weight of the fully compressed waste bin 
with the weight of the same full waste bin but without the 
waste compressed.  

Test 1 have been called, Pressure over full waste bin 
(see test 1 figure 15). This test is mainly used to create 
an understanding of the relation between force and 
compressed distance. Before the test start, the waste bin is 
filled to the top with waste (figure). The waste used in this 
method is picked to imitate an authentic mix of outdoor 
waste. The waste bin is weighted and will from here work 
as reference for a full none-compressed waste bin. The test 
starts by applying an evenly distributed force from a plate 
on the waste from above. After the pressure is released and 
the waste has had some time to expand, the distance of 
the compressed waste is measured. The first force applied 
starts at 70 N. The test will be repeated, each time with 
50 N more than the previous test. The test ends when the 
compressed distance reaches a level of approximately 30 
centimeters, in other words, half the hight of the waste bin

Test 2 is called Force between disposes (see test 2 figure 15). 

This test examines the efficiency by periodically applying 
force between each layer of waste. This test will simulate a 
compression according to the concepts Bungy and Block. 
The test starts by filling approximately 10 centimeters of 
the same waste as in test 1 at the bottom of the waste bin. 
A force is then applied to the waste. The distance of the 
compressed waste is then measured. The procedure of 

Figure 14: The EEC-test is performed by pressing a person-scale 
until the required force is met. The force from the scale will be 

evenly distributed over the waste by the press-plate.

600mm
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Figure 15: The three concept with the higest score from concept selection phase is in practice tested according to test 
2,3, and 4. Test 1 is used to understand the relation between compressig force and compressed distance.
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filling a layer of 10 centimeters of waste and then compress 
it with 120 Newton continues until the waste bin is full 
(figure). The waste is then weighted and compared with 
the none-compressed waste bin from test 1.

Test 3 is called Compress and dispose (see test 3 figure 
15). This test trying out the efficiency of a third way to 
compress waste. This test will simulate the compression 
of concept 3, the Padel.  The test follows the procedure 
of a compression each waste-unit before it’s disposed of. 
The compression itself where performed by putting a plate 
over the waste-unit and by foot compress it with high 
force. The full waste bin was then weighted and compared 
with the none-compressed waste bin from test 1.

Test 4 is called Forced compression (see test 4 figure 15). 
The way to compress is similar to the first test where force 
was applied from the top on a full waste bin. This test is 
used to test the efficiency of the concept Side Bungy. An 
additional component on top of the waste bin is added to 
simulate the concept (figure). The waste bin is then filled 
to the top with waste and weighted. To test the efficiency 
of the concept, small units of waste is pressed by a plate 
horizontal through the opening of the new component 
(see figure). This procedure continues until the force 
exceeds 200 Newton. The waste bin is then weighted and 
compared with the weight from the none-compressed 
waste bin from test 1.

4.9.2 COMPUTER AIDED DESIGN
The best concept from the EEC-test will in this phase 
be  further developed. To enhance the concepts a more 
detailed sketch is needed. A one-to-one scaled first sketch 
was drawn to decide the most basic measurementa  (figure 
16). The height of the waste container, the chute and the 
waste bin, as well as the length of the different links, could 
roughly be decided by this sketch. To decide more precise 
measurements as well as choosing a design that will unite 
the mechanical components, Siemens NX a computer-
aided programme (CAD) was used. 

CAD or 3D-CAD is a suitable method used in this 
project. It allows designers to rapidly generate and 
display design in the third dimension (Aouad, et al., 
2013), which potentially can lead to greater number of 
detailed concept and innovative design solutions (Ulrich 
& Eppinger, 2012). 3D-CAD creates the opportunity for 
the designer to easily identify interference and collisions 
and parametrically combine the geometrical dimensions 
between components (Johannesson, et al., 2013). 
Implement CAD can according to Narayan et al., (2008) 
increase a designer’s productivity, improve the design 
in terms of quality, improve communication through 
documentation, and create a database for manufacturing.

CAD was in this project used to create and develop the 
concept into a theoretical functional first model. This 
first model had its focus mostly on the compressional 
mechanics due to its importance for a working concept 
(see figure). Other parts were also developed in this CAD 
assembly, but mostly as a reference for the scissor-lifts 

dimensions. The scissor-lifts components where linked 
together, and by so, giving the opportunity to simulate 
the assembly’s movement, but also, as Johannesson, et al. 
(2013) stated, to identify interference and collisions. Each 
part in the scissor-lift assembly where made into sketches 
and sent for manufacturing, as Narayan et al., (2008) 
suggested.

4.9.3 PROTOTYPE DEVELOPMENT 
The CAD-model could display the model’s mechanical 
movement and the overall function, but only theoretically. 
In reality there exist factors as imperfections, forces, 
frictions, and interpretations of dimensions and sizes that 
can’t be figured out by other measurements then practically 
testing the model. Therefore, is the development of a 
physical prototype essential in this project. A prototype 
can be used to test the look of a product, or as in this case 
test the function. A prototype used to test the functions of 
a product is classified as a comprehensive prototype, while 
a prototype used to test the “look”  is called a focused 
prototype (Liou, 2007).  

A focused prototype will, for example, be displayed in the 
final result. Liou (2007) further explains that a prototype 
should be built with low costs in mind and with the 
shortest possible time-to-market as possible. These two 
factors were taken into account before developing the 
prototype.  For example, the framework was developed in 
plywood, an easy working low-cost material. The scissor-

Figure 16: A roughly one-to-one sketch with approximate 
measurements and part-to-part ratios will work as a foundation 

for the CAD-model.

lift, on the other hand, had to be close to identical to the 
CAD-model and was therefore manufactured in metal 
by high-precision laser-cutting and milling (figure 17).  
If it wouldn’t have been produced with high tolerances 
and problems had occurred, it would have been hard to 
identify the problems origin. Because it can either be the 
CAD-model that’s badly designed or the manufactured 
prototype. To strengthen and provide stability the 
structure of the scissor-lif, two plywood plates is attached 
to the top and bottom (figure 18). The top plate will also 
work as waste bin top and the bottom plate will be the 
press-plate.

A thread was attached to the mid-axle and placed above 
a pulley. The prototype testing was performed by suspend 
the scissor-lift between two heights and test it by press the 
thread by the foot as seen in figure 19. Different weights 
were placed on the press-plate to simulate the user’s 
needed force. The mechanic was analyzed and iterated 
before a new further developed prototype was made. 
This new prototype had, except minor changes in the 
scissor-lift design, a fully developed framework as well as 
a connected foot-press (figure 21).  To have control over 
design changes and measurements have it been important 
to take note and sketsh down ideas bofore devloping. This 
approach decreases the probobilty of unnecessary errors.

4.10 METHOD DISCUSSION
In method discussion is the methods used during this 
chapter discussed and analyzed by aspects as, relevance, 
choice of method, time taken, and what could have been 
done differently. 

Process
The process of practically follow the steps in the 
inspiration, ideation and implementation phase have been 
natural. The problem has been showing and explaining the 
process in an order which could easily be understood by 
the one reading it. The planned steps during the process 
have also been hard to follow, timewise. Often, especially 
during the implementation phase has the predetermined 
deadlines become more and more out of reach, which later 
on would push the finishing of the report further from its 
goal especially when iteration cant be predicted. A design 
process isn’t perfect, as Ulrich & Eppinger (2012) explains, 
and drawbacks must always be in mind.

Context immersion
The inspiration phase, which included interviews, 
observations as well as questionnaires, was a very 
important phase due to lack of knowledge on the subject 
of waste management. This phase, therefore, required a lot 
of time an effort to fully understand the area. I realized 
quite early that the area of waste management may differ 
widely between working areas and it’s therefore nearly 
impossible to comprehend every aspect of it.

The methods were necessary, but there are a few things 
which could have been changed or at least explored 
further. The benchmark, for example, was entirely focused 
on finding inspiration on compactors. I noticed towards 

the end of the project that it would have been useful to 
know more about capacities and the use of today’s waste 
bins. For example, what is the capacity of waste bins 
today, and what is the size based on? And does the size 
of the waste bin affect the design somehow? With that 
information, a followed survey could have focused on 
municipalities and what other buyers base their choice of 
waste bin models on. Is there the quality of the product, 
the volume, the price, or is it maybe the opinions from the 
caretakers that matters? 

The main challenges in this project have been to develop 
towards a user group with none existing experience of 
the product developed. It has been a problem during the 
inspiration phase where information stated by the user 
group can’t really be relied upon when it’s not based on 
true experience. The disposer user group is the more 
important user group, when they have to are the one 
experience the new development the most. A survey 
can collect information compare or explain knowledge, 
but also as Fink (1995) stated it, collect information on 
attitudes and behavior. The attitudes were the only thing 
that could be collected from the disposer user group. 
Such information is weak and therefore may user-test 
be required, to confirm the given attitude or lead the 
development in the right direction. Due to lack of time 
have a constructed user-test unfortunately been ruled out.

The interviews and the observations used was necessary for 
understanding the main purpose of waste management. 
But waste management is an extremely wide area, and 
even though I interview and observed, for example, one 
group of indoor caretakers, doesn’t it mean that every 
public indoor area is handled that way. 

Ideation
The methods used during the ideation phase were few 
in number and some may argue that it would be more 
effective using more methods. But considered that ideas 
have been sketched and thought about already before the 
project made it hard to use many inspirational methods 
when it felt like the problem may already have been 
worked on from every direction. The method, Identify 
Possibilities, and Design by Analogies, was therefore 
useful when those methods construct ideas differently 
from, for example, a straightforward brainstorming. They 
helped me find inspiration by thinking differently than 
before and by looking at how other use similar design 
solutions.

The viewpoint from others is always a great source, 
especially when it feels like there are no more ideas in 
the head. A workshop was therefore constructed and two 
brainstorming sessions were held. To further spur new 
ideas was rules as “number each idea” and “be visual” 
suggested by (Kelley, et al., 2001) of great use. As well as 
Osborn (1967) rules of enhancing quantity and welcome 
wild ideas. The participants tended to be more motivated 
by such rules.  The good ideas from this phase were further 
developed and visualized. 
Identifying Customer Needs
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Figure 18: A plywood plate is attached to the scissor-lift top and 
bottom to strengthen and provide stability to the structure.

Figure 17: To make the prototype close to identical to the 
CAD-model have the scissor-lift mechanic been manufactured 

by high tolerance laser-cutting and milling.

Figure 19: The function can be tested by suspending the scissor-
lift between two suitable hights.

Figure 20: When the problem of the scissor-
lift was figured out, other parts of the foot-

press could be developed. 

Figure 21: By constantly taking note and sketch ideas before 
developing decreases the possibility of unnecessary errors. 

Many times, when a complicated matrix is used to reduce 
a huge number, I believe many can already tell by intuition 
the big part of which ideas that’s not going to make it. 
Intuition which is a method Ulrich & Eppinger (2012) 
suggested, and as they said, effective and rapidly used. And 
the time speared can as Ayag & Özdemir (2008) explained 
increase the design productivity when less time then 
usually is spent reducing and choosing concepts. Pugh’s 
concept evaluation method was the second method used 
to reduce the number of ideas. This method is relatively 
easy and straightforward to use. However, like most 
other matrix-based methods which are ranked towards 
criterions, can it become problematic if the criterions used 
is very unbalanced in speak of importance. The criterions 
used in this matrix, however, was al of so-called ”must” 
criterions, which mean that all of them is critical and the 
other one criterion is not more important than the other 
one. The score of the Pugh’s concept evaluation method 
was among many concepts almost the same. I would 
suggest if let’s say three concepts have the same score, that 
the user of the method can use intuition again to decide 
on which of these three concepts that are most suited for 
future development.

Implementation 
The EEC-test was created to evaluate the concepts 
chosen from the ideation phase but also to create an 
understanding of how waste behave under compression. 
This method could, however, have become more accurate 
with more time and recourses. The waste was for example, 
only from one specific building in LTU. More tests from 
different batches of waste would create a more universal 
result when there are certainly differences between mixes 
of waste at different locations. More test with a wider range 
of compressing weights would also be necessary. Both to 
get a more accurate result but also to better understand 
the relationship between force and compressed volume. 

The first CAD model was created and developed in Siemens 
NX. I think it was important not to focus too much on 
the design before using CAD. It is easy to develop within 
the program where dimensions and relations between 
dimensions can easily be created and updated. Another 
important factor is that mechanical movement can be 
tested in an assembly. Even though a CAD prototype is 
less time consuming compared with physical a prototype 
it is important, according to me, not to focus on the entire 
product when developing the first prototype. I focused 
mostly on the mechanic of the scissor-lift because I knew 
that it was the foundation of the product. If the scissor-
lift wouldn’t have worked with its current design, it must 
be redesigned, if other parts are based on the previous 
scissor-lift design, they may also require redesign. To put 
effort and time into parts that are based on other untested 
factors, should according to me be avoided in an early step 
of the development. 

To quickly produce a working prototype, which Liou 
(2007) mean is important when developing towards a 
market, was only the scissor-lift assembly manufactured 
with high quality. It also kept the cost at minimum. This 

method was necessary but extremely time-consuming. 
Especially when some parts needed a redesign. The 
problem of redesigning is very hard to avoid. If the 
CAD-model had been more analyzed in consideration of 
physical factors maybe extra time spent redesigning may 
have been smaller.
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This chapter introduces the result from each step of 
the design process. From the data gathered during the 
context immersion to the analysis of the prototype.

 5 result: 
method and 
implementation

5.1 CONTEXT IMMERSION 
Interview and observation 1
Inside LTU facilities have the caretakers lately replaced the 
smaller waste bins with a few in number but bigger waste 
bins, which also include the option for sorting. After this 
transition has the workers from Närservice noticed a huge 
increase of mixed waste on the toilets. They believe that 
it’s because students find it easier to visit the nearest toilet 
instead of going the often longer distance to the bigger 
waste bins. Before the students arrive at school, most waste 
bins are emptied. They have their plastic bag replaced and 
if it’s needed, the waste bin is cleaned. The only time the 
plastic bag isn’t replaced is if the waste volume is low and 
if the waste is well sorted. But according to the caretakers, 
that rarely happens, thus the waste bins are often sorted 
poorly. This has led to most “sorted” waste still ends up in 
the same pile anyway, often as burnable waste. Liquid in 
the bottom of the trash bag is another occurring problem, 
which often led to extra cleaning for the caretakers. The 
interviewed caretakers also find the recycling stations at 
LTU is wrongly designed. They mean that the material 
plastic and cardboard is more often recycled and should, 

therefore, have its compartments bigger compared with 
other materials.

Interview and observation 2
The worker interviewed and observed from Renhållnigen 
Luleå, which job it was to empty bigger waste bins by crane, 
says that he has had similar problems with waste sorting. 
He mentioned, for example, that the compost waste bin 
almost always ends up as burnable because of bad sorting. 
The worker further explained that there often occurs an 
annoying problem while emptying the storage bags. The 
storage bags itself open from underneath, by the weight 
of the containing waste (figure 22). If the waste contains 
light-weight materials, as plastic or paper, the weight from 
the waste is not enough to open the bag and the worker 
explains that he then has to swing and shake the bag until 
it’s opened. Another problem was that some Molok waste 
bins, especially the ones containing compost material, 
often need a plastic bag over the storage bag to keep it 
sanitary. But according to the worker, the plastic bag often 
tends to loosen up from the holder and glide down the 
into the waste bag making the concept meaningless.

Figure 22: The weight of the waste in combination with the pull 
from the rope is supposed to open the storing bag. That is however 

problematic if the waste is too light. 

Figure 23:  According to the interviewed caretaker was this waste bin 
model the easiest to handle.

27



29 30

Interview and observation 3
The third visit was towards a property caretaker working 
for Luleå municipality. The worker explained that the 
emptying frequency is highly dependent on the season. 
During late autumn (as it was during this interview), the 
amount of waste in most waste bins is generally low. The 
caretaker uses, therefore, his pick-up tool to empty the 
plastic bags instead of throwing every one of them. The 
caretakers explain that by doing so, more expenses than 
expected can be cut down just due to the cost of plastic 
bags. During summer, however, some waste bins must be 
emptied up to three times a day, says the caretaker, and 
when there are bigger events, up to 25 extra waste bins can 
be deployed around the inner city. 

The caretaker further explains that many waste bin models 
can be opened, without the use of a key. Some people use 
that opportunity searching for cans and often leaves the 
top opened, exposing the waste of rain or snow making 
the work harder for the ones emptying them. Other waste 
bins can be opened both from the top and from the side, 
like a door. Opening them from the side will make it easier 
if the plastic bag is heavy, but during winter, if the snow is 
high, the only option may be too opened it from the top. 

The caretaker says that his favorite waste bin model is 
those without plastic bags. Those models are placed above 
ground, often attached on lamp-posts, and are emptied 
underneath, straight to a plastic bag (figure 23). The 
caretaker means that those models are easy and fast to use. 
He mentioned, however, that during winter those models 
must be raised higher above ground to avoid snow, but 
sometimes that isn’t enough and the snow underneath has 
to be shoveled away. Some problems occur more often 
than others, the caretaker says. For example, waste bins 
with big openings tend to have waste stuck at the top, 
giving the impression of a full waste bin (figure 24). Other 
waste bins are heavy and unstable, enable a risk for injuries 
if, for example, kids trying to climb them.

Questionnaire
The result from the two questionnaires is the basis for the 
the target specification and can therefore be read more 
in 5.2 TARGET SPECIFICATION. The answers from the 
questionnaire can otherwise be seen in apendix x and 
aprendix x.

5.2 TARGET SPECIFICATION 
The first target specification, with focus towards the 
caretaker user group, was entirely based on the user 
themselves. However, a low response rate of only 6 
answered surveys made each specification slightly 
uncertain, even though the answers seem reasonable. A 
score from 1-5 reflected the importance of each criterion 
and was based upon the average of each answered surveys 
(see appendix). In this target specification, every criterion 
with a score over 4.0 has been seen as critical and is, 
therefore, a must in the product development. Underneath 
can the highest ranked needs from the caretaker user 
group, with score higher than 4 and 5 be seen. 

• The waste bin is steady and robust.
• The waste bin can only be opened by those who 

handle/empty the waste bins.
• The waste bin poses no risk of injury.
• The waste bin can provide a better work environment 

for those who handle them.
• The plastic bag can easily be put on and removed 

from the waste bin.
• The waste bin keeps birds and other animals out.
• The waste bin is easily mounted.
• The waste bin manages problems with fluid in the 

bottom.
• The waste bin is easily cleaned.

The second target specification is partly based on the 
users’ opinions and thoughts, and partly on the project 
managers own opinions. The specification could not be 

Figure 24: Big openings give the opportunity to throw big items. It can be problematic, as seen in this picture where a pizza box 
is stuck above the plastic bag, giving the false impression of a full waste bin.  

fully based on the user needs due to the user groups lack of 
experience on the subject. The project manager is, in this 
case, the one with most knowledge and experience within 
the subject and have also therefor the most accurate tools 
to create the specification. The scoring system where the 
same as in the first target specification, but because of only 
one “vote” the overall scoring is more defined then the 
first one. Therefore, is criterions ranked as 5, a must. They 
can be seen underneath.

• A manual compression can be performed by those 
who throw the waste.

• A manual compression can be performed without 
any major effort.

• The moving distance for performing a manual 
compression is short.

• The mechanics can be insulated from the waste.
• Glas and other hard materials can be thrown.

5.3 IDEATION
In this part of the result phase will the ideas developed 
during the ideation phase be presented.

5.3.1 IDENTIFYING OPPORTUNITIES 
From the first method, identifying opportunities is 4 types 
of opportunities for compressing waste identified. Method 
1 at figure 25 shows the direction of a force straight down 
the waste bin and as well the plastic bag. This method 
may be the most logical one and gives opportunity for 
many different solutions. Method 2 shows a sideways 
force from above. This solution can, for example, be a 
pre-compression of some kind. Method 3 is similar to 
method 1 but simulates the possibility of an upward 
applied force. This upward force act as deactivation of 
the self-compressed force, created by the weight of the 
pressing plate. In other words, the user lifts the press-plate 
upwards, creating a counterforce towards the weight of the 
press-plate, which uses the gravity to pull it downwards. 
The same concept of deactivating a compression can be 

1. 2.

mg

3. 4.

Figure 25: This models shows works as fondation that concept can be build around.

used in method 4, the differences are that gravity can’t be 
used by this method.

5.3.2 DESIGN-BY-ANALOGIES
Design-by-analogies was the second method used during 
the ideation phase. The goal of this method was to find 
analogies with unique mechanical characteristics that 
had the requirement of either changing the direction of 
a force, changing the torque, or storing the energy from 
a force. 17 unique solution was found which can be seen 
earlier in figure 11. Those mechanical characteristics were 
then used to build conceptual ideas with result from the 
last method as fundation (figure 26). 

5.3.3 WORKSHOP
The last method within the ideation phase was the 
brainstorming session. The brainstorming sessions was 
used during the workshop and worked mostly as a source 
to explore other ways to approach the main problem. The 
goal of this method was to find something that hasn’t been 
thought about in the earlier ideation methods. Out of 6 
participants 47 ideas was created (figure 26, 27), 13 ideas 
away from the goal of 60 ideas. None of the concepts was 
good enough to be used as a finished concept. Some of 
them, however, worked as inspiration to further develop 
the concept of the Design-by-analogies method.
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Figure 25:  Various ideas created during the method Design-by-analogies. Figure 26:  Ideas developed during the workshop. 
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Figure 27:  Ideas developed during the workshop. 

5.4 CONCEPT SELECTION
There were many ideas that were far off from realizable 
concepts, at least within the timeframe of the project. 
Many of those ideas where therefore thinned out by the 
method intuition. After intuition, 8 concepts remained 
(figure 28). When thinning out the concepts, the goal 
was not only to remain with does with high potential but 
also find a distribution where each concept was unique. 
Pugh’s selection method was then used to bring forth 
the 3 concepts with the highest potential. This method 
compares each concept towards the user needs, with one 
concept working as a reference. The scoring can be seen in 
figure 29. With the net score of 3 was two concept ranked at 
first place. One of those was concept was Block. Block has 
similarities with concept Bungy and is therefore combined 
one concept. The other concept with the net score of 3 was 
concept Padel. In second place with the net score of 0 
came concept Ufo and concept Side Bungy. With the goal 
of 3 unique concept, was concept Side Bungy chosen as 
the last concept, due to its more unique character.

5.5 IMPLEMENTATION
The result from the implementation section will here be 
presented.

5.5.1 EFFICIENCY-EFFECTIVITY-
COMPRESSION-TEST
Test 1
The result from test 1 showed that the force in relation 
to the compressed distance is exponentially growing 
according to figure 30. It shows that 20 centimeters (33%) 
compressed distance require a force of 200 Newton, while 
30 centimeters (50%) compressed distance requires a force 
around 440 Newton.

Test 2
Test 2 was used to test the efficiency of concept Bungy and 
Block. This test was done on two occasions. At the first 
occasion, the test was used with a force of 120 Newton. It 
was shown that each repeated compress, had the average 
compressed distance of 5 centimeters. When the waste bin 
was full, a distance of 66 centimeters had been compressed. 

Figure 29:  The 8 concepts left, selection by intuition. 

Figure 28:  A matrix from Pugh’s concept selection method is used to rank the remaining concepts. 
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The weight of the fully compressed waste bin where 2,3 kg, 
which in comparison with the non-compressed waste (1,1 
kg) gives a compression effect of roughly 100%. Meaning 
that a waste bin using this method of compressing waste 
can contain twice as much waste. To further examine this 
method to compress waste, the test needed to be repeated 
with a different waste batch and with different forces. 
The forces tested was 36N, 56N, and 90N. The effectivity 
of those testes can be seen in figure 32. The figure shows 
that compressing the waste with 36N and 56N produces 
the same effectivity. 90N however, more then dubbles the 
containing weight. Comparing 90N compression with 
120N from the previous batch shows that the effectivity is  
varied depending on containing waste.

Test 3 
Test 3 was performed to test the efficiency of concept 
Padel. The test showed that the method of compress each 
item before it’s disposed of is not effective. The compressed 
waste bin can in comparison with the none-compressed 
waste bin contain 9% more waste.

Test 4
This test had one big problem that made the test invalid. 
The waste often became stuck in process of filling the 
bin and therefore needed external help to keep the test 
ongoing. The problem may, however, not have been as 
frequent if the material inside the additional component 
would have been constructed with a less frictionless 
material.

Analysis
Even though test 2 and test 4 used the similar concept of 
repeated compression, the resulted effect differed a lot. 
The only differences between these two methods where 
that test 2 was about compressing waste unitedly in 
the waste bin while test 3 was about compressing waste 
individually. A closer look at the process of filling a waste 
bin revealed that the wastes’ density is highly dependent 
on the position between each waste-unit. For example, 
a waste-unit that lands in a leaning or a more standing 
position tend to catch the next falling waste-unit at the 
highest peaks. Those high peaks then become the starting 
point of new waste layers with small but many air-filled 
pockets between them. Even if the air pockets shrink 
due to pressure from laying waste above, it’s probably the 
biggest factor why the volume grows rapidly. Those tops 
don’t need high forces to be rearranged or compressed 
and that’s the reason why test 2 is much more effective 
compared to test 3. Therefore is a combination of concept 
Bungy and Block from test 2, the concept taken to next 
step of the development. In figure 33 can the differences 
be shown of a peak before and after it’s compressed with 
the force of 90N.

5.5.2 COMPUTER AIDED DESIGN
The first cad model focus mostly on optimization of the 
scissor-lift design. The scissor-lift is the part that’s able to 
extract and contract inside the waste bin and so perform a 
compression of the waste. The design of the scissor-lift had 
some challenges that must be considered. For example, the 

Figure 31: The force is exponentially growing with the 
compressed distance. The red line shows the compressed 

distance after 30s.

Figure 32: The blue staples show the weight after the different 
compressing forces from test 2. The left staple shows the weight 

of the none-compressed waste bin.

Figure 33: It often requires small forces to flatten the peaks. 
Before (left) and after a compression (right).

scissor-lift should be able to extend the distance to almost 
reach the bottom the waste container as well as be high 
enough for waste to be disposed underneath its bottom 
press-plate.  The problem is the longer the scissor-lift is 
extended, the more work is required by the user. Therefore, 
a trade-off must be made between how far the scissor-lift 
will reach and how much work the user must apply.

The following stage of the CAD development focuses on 
connecting the scissor-lift with the external foot-press. 
The foot-press job is to retract the scissor-lift. One easy 
way to accomplish a connection between the scissor-
lift and the foot-press is by attaching a wire to the shaft 
at the top of the scissor-lift (see the red path at figure x) 
and attaching the other end at the foot-press. A pulley 
can be used to change the direction of the wire. However, 
the relation between the movement of the foot-press and 
the movement of the compressor-plate is not linear. For 
example, the result of moving the foot-press 50% of its full 
distance will not result in a 50% movement of the press-
plates full distance. It would rather move around 25% of 
its distance. 

From the diagram in figure x can it be seen that the 
relationship of the moving distance between the foot-
press and the compressor-plate is exponential. In other 
words, the force needed to move the press-plate will 
become heavier the higher the press-plates position 
becomes. A linear force transition would only occur if the 
wire is attached with one end at the press-plate and with 
the other end at the foot-press. It would also mean that 
the foot-press would require the same moving distance 
as the compressor-plate (55 centimeters) which would 
not work either. However, the wire can also be attached 
along the linkage structure, at various points all the way 
up (see figure). The higher up the wire is attached, the 
shorter the foot-press most move. On the other hand, the 
force needed will also become higher and more aggressive. 
The option to attach the wire along the structure will 

Figure 34: The yellow foot-press is connected by wire to the purple scissor-lift. By pressing the foot-press contracts 
the scissor-lift and pushes the chute cover upwards as seen in the middle and right figure.

Figure 35: Examples of where the wire can be attached on 
scissor-lift to provide different force transitions. 

Figure 36: The growing distance of the press-plate is 
exponentially dependent on the foot-press’s moving distance. 
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leave the possibility to find a good trade-off between a 
more linear less aggressive force transition but a longer 
moving distance, and a short moving distance but a more 
aggressive force transition. The last step is to connect the 
mechanical structure in a way that the chute opens when 
the user presses the foot-press. See figure x for how the 
foot-press, scissor-lift and chute is connected. 

5.5.3    PROTOTYPE DEVELOPMENT 
To extend the scissor-lift, an axle glides along a milled 
path at the top and the bottom. This solution seemed to 
work fine as long as the load is low. When a higher weight 
is loaded, for example, 7 kilos, the friction between the 
axle and the milled path becomes too high and the system 
jams. A solution to this problem is to relieve the strain 
on ball-bearings as seen in figure 37. The new solution 
could contain the needed weight. The press-plate was 
loaded with weights from 7-12 kilos and tested. 7 kilos 
were chosen to be the maximum weight due to a higher 
chance of user acceptance. The trade of will be a shorter 
moving distance from the press-plate and by so also less 
compressing effectivity.

The chute from the CAD-model was never developed 
when it wouldn’t have usable with the actual height of 
physical waste bin. After the foot-press was developed and 
connected to the frame could it be tested. An important 
aspect in the usability of the product is the maximal and 
minimal placement of the foot-press and the distance it 
must move. The max and min height was decided with 
two aspects: the maximal height must be as high as it can 
while still feeling comfortable for both long and short 
people, and the lowest height should be low enough for 
the foot rest on the ground.  

When testing the foot-press, the movement feels more 
natural when the waste bin is tilted towards the user. 
The user can with this position of the waste bin press the 
foot-press by moving the body mass forward. When it’s 
vertically aligned the user needs more energy from the 

muscles in the leg to perform the compression (figure 
36). More pictures of the finished prototype can be seen 
in figure 37. 

5.5.4 PRODUCT SPECIFICATION
From the prototype testing could a product specification 
be created. This Specification will be used as a reference 
for the final CAD-model.

• The scissor-lift can be extended to its max without 
losing energy in friction.

• The force needed to press the foot-press is not 
aggressive towards the end.

• The foot-press can be pressed down without losing 
energy in friction.

• The chute is opening in connection with the foot-
press.

• The chute is automatically closing after the pressure 
from the foot-press is released. 

• The foot-press and the press-plate are after release 
slowly moving towards the origin position. 

• Waste can be disposed vertically.
• Disposed waste always lands in the inner waste bin.
• All parts should be easy to manufacture. 
• All parts should be cheap to manufacture.
• Parts should, if possible be interchangeable.
• The scissor-lift must be able to extend 700mm.
• The foot-press can move between the distance of 30 

and 300 mm.

Figure 37: When extended the axle glides along the milled track (see red circle). With extended weight on the press-
plate, the system jam. The solution can be seen in the right picture, where bearings support the weight.

Figure 36: A vertically aligned waste bin (left) relying almost entirely on energy from the leg. With slightly 
tilted waste bin (right) can the user move the body mass forward to press the foot-press, which is more natural 

and less demanding. 

Figure 36: These pictures shows the mechanical structure of the compressible waste bin.
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In the final result is two further developed concept 
illustrated and presented according to, how to use, 
area of use, shape and color, text and symbolism, and 
function. Lastly is efficiency, effect and dimensions 
compared between the models as well suggestions on 
how the product can be manufactured.

 6 final design

Figure 37:  Illustration of when model 1 isn’t in use. 

 MODEL 1

39
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Figure 38:  The chute opens when the user presses the foot-press.

6.1 MODEL 1
Usage: disposer’s perspective
To use the waste bin, the user places one foot on the foot-
press and presses the foot-press downwards. The scissor-
lift contracts and opens the chute in the process (figure 
38). The chute which is placed on the top front, reveals 
a rectangular opening with the size of a folded A4 paper. 
The open chute leads to the inner waste bin. When the 
foot-press reached the bottom, the chute has become fully 
opened. This design allows the user to dispose of the waste 
vertically. By removing the foot from the foot-press, the 
foot-press, scissor-lift, and chute return back to its starting 
position (figure 37).

Usage: caretaker’s perspective
The scissor-lifts lowest position becomes higher with a 
growing amount of waste. This also means that the foot-
press’s start position becomes lower and lower, due to its 
connection with the scissor-lift. The caretaker can by the 
foot-press’s position, estimate the level of waste in the 
waste bin, and therefore conclude if the waste bin needs to 
be emptied or not without opening it. To make sure that 
the caretakers are the only one accessing the waste bin, has 
it been equipped with a keylock. To empty the waste bin 
the caretaker first pushes the foot-press the last distance 
(assuming it’s almost full) and uses the back of the same 
key to pin the scissor-lift at place (figure 39).  This gives 

the caretaker access to move the inner waste bin outside. 
When emptying the waste bin the caretaker first remove 
the rectangular bag-holder which holds the plastic bag in 
place during the compression (figure 39). When changing 
plastic bags, the caretaker must assure that the plastic 
bag is well placed inside the bin. Small air-holes around 
the bottom of the bin make this process of placing the 
bag easier. To finish the emptying process, the caretaker 
moves the inner waste bin back into the waste bin, pushes 
the foot-press, which releases the pressure on the key, and 
pulls the key from the scissor-lift. The process of locking 
the scissor-lift and removing the inner waste bin can 
clearly be improvements. This matter will be discussed 
more in the discussion, under further development.

Shape and Color
The shape is bounded by the inside dimensions as well as 
the angled bottom front where the track of the foot-press 
matter. What can and have been worked on is the height of 
where the front side bends as well as how far the top front 
will be angled back. By moving the top front back until the 
bottom is wider than top make the waste bin appear stable 
and balanced and be easier perceived from the view of a 
user. The color scheme is chosen in a way that the waste bin 
is standing out in the environment it’s placed in without 
appearing dominant or odd. The color used should always 
be white on the left and right side, and another darker 
color around its centrum creating a distinct contrast. The 

SCISSOR-LIFT
LOCK

BAG-HOLDER

AIR-HOLES

DAMPER

Figure 39:  Inside of model 1 when fully contracted.
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color used except for white, can, for example, be orange or 
a more “earthy” theme seen in figure 40. 

Text and symbolism
Because of the unique design can the waste bin, if 
introduced to the market, be hard to make sense of when 
it can be perceived as something similar, a mailbox for 
example. It is therefore important to distinguish its area 
of use. Therefore is a recyeling symbol used on both sides 
is of the waste bin. The text on the front, as well as the 
directional symbol, is used to inform the user of how the 
product should be used. The symbol underneath the text 
is used to show the user where the information from the 
text should be applied.

Area of use
Model 1 is adapted to public environment, outdoor as well 
as indoor. It should be able to withstand rain and snow. It 
can, however, be problematic if too much snow prevents 
the foot-press from reaching its bottom. With its current 
design, the waste bin is smaller than most public waste 
bins, making it easy to transport and move around if that’s 
a necessity. Areas of use can, for example, be, parks, inner 
cities, outside or inside stores and malls, schools, inside 
arenas, or used during bigger events as trade fairs.

Function
The foot-press is connected by a wire to the scissor lifts 
mid-axle (see figure). When the user applies force and 
press the foot-press downwards, the wire, which is 
connected to the mid-axle pulls the mid-axle towards the 
pulley resulting in the contraction of scissor-lift (see 2. in 
figure 41). The scissor-lift will eventually come in contact 
with the chute. The upward force from the scissor-lift 
makes the chute rotate outwards. When the scissor-lift 
has reached its highest point, the chute has also become 
fully open (see 3. in figure 41). By releasing the weight of 
the foot-press, the scissor-lift will by gravity return back 
downwards. When the chute loses its contact with the 
scissor-lift, it closes. A damper attached (figure 39) to the 
framework and the foot-press will reduce the speed of the 

up-going foot-press, and so also the speed of the falling 
scissor-lift. This measurement was taken to reduce the 
risk of injury as well as reducing the risk of mechanical 
damages. The damper may also facilitate the process of 
pressing the foot-press when the force pulling the scissor-
lift will be slowed down. An expoded-view of the inner 
parts can be seen in figure 42.

1. 2.

3.
Figure 41: Illustration showing 
the mechanical components 
and how they interact with 
each other during the process 

of  using the waste bin.

Figure 40:  Example of color scheme.

Figure 42: Exploded-view of the inside parts of model 1.
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 MODEL 2

Figure 43: Illustration of model 2 when not in use. Figure 44: When pressing the foot-press the chute slides underneith the top, opening the waste bin for the user.
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6.2 MODEL 2
Usage: disposer’s perspective
The usage in model 2 is from the disposer’s perspective 
almost the same as for model 1. The difference is the 
chute and how it opens. When the user put his foot on 
the foot-press and presses it downwards, the scissor-lift 
will contract and the chute slides open (figure 44). This 
gives the user possibility to throw waste down the opening 
through the press-plate which minimizes the lift-way of 
the press-plate (figure 46).  By removing the foot, the 
chute, the foot-press and the scissor-lift returns to its 
original position (figure 43).

Usage: caretaker’s perspective
From the caretaker’s perspective is the emptying process 
for model 2 is the same as for model 1.

Text and symbolism
The shape and color scheme in model 2 is based on the 
model 1 (figure 45).  

Area of use
Because of the chutes design and placement on the top, 
model2 with its current design isn’t suitable for outdoor 
environment. The waste bin can, for example, be used in, 
restaurants, schools, malls, arenas, or at events as trade 
fairs.

Function
In model 2 is the mechanic in the foot-press and in the 
scissor-lift is similar, as well as the connection between 
them. The big difference is the design of the chute and  
the mechanic behind it. The chute begins its opening 

sequence when the foot-press meets a linear slider about 
half way down (see 2. figure 47). This linear slider is by wire 
connected to the chute, which is located between the two 
top rails of the scissor-lift (figure 46). When the foot-press 
pulls the linear slider downwards, the wire pulls the chute 
horizontally underneath the top surface (see 3. figure 47). 
When the user releases the pressure of the foot-press, the 
weight of the scissor-lift pulls the foot-press up. The chute 
is is through a spring retracted to its closed position.

Figure 45: Model 2 has similar basic shape and color scheme as model 1.

Figure 46: The press-plate (red) has a hole in its centrum 
allowing waste to be thrown right through it. This design 
solution reduces the press-plates lift way when compared 

with model 1.

3.

1. 2.

4.

Figure 47: The blue slider is connected to the chute on top of the waste bin. On the foot-press’s way down it 
pulls the blue slider which opens the chute.  
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6.3 DIMENSIONS
The height of the waste bin is dependent on the height 
of the inner waste bin but also the distance the press-
plate must move. Model 2 uses, compared with model 1 
a shorter lift distance of the press-plate which resulting 
in the overall lower height, 750mm, 150mm shorter than 
model 1’s 900mm (figure 48). To get a better understanding 
of the dimensions can both waste bins been seen next to a 
human in figure 50 and figure 51. The width is dependent 
on the width of the inner waste bin. When Both models 
use the same inner waste bin the width of 416mm also 
is the same. The depth of both waste bins is at the waste 
bins bottom 440mm. The biggest depth which is 520mm is 
located across the foot-press. The hight of the foot-press is 
up to 300mm. It becomes lower with an increased volume 
of waste. 

6.4 EFFECT AND REQUIRED FORCE
The force from the weight of the press-plate have been 
shosen to 70N. With the result from the EEC-test 70N 
is estimated to enhance the effectivty of the waste bins 
capacity with 170-200%. Which result in the estimated 
capacity of 147-167 liters. The work the user has to applie 
is dependent of the press-plates lift-distance. The force 
needed on model 2 is therefore 123N significant lower 
than model 1 193N (figure 48). 

6.5 MANUFACTURING
The waste bin has been designed for easy manufacturing. 
Some parts can for example be used repeated times 
throughout the waste bin. The same linear sliders can, 
for example, be used at top and bottom of the scissor-
lift as well down at the foot-press. The linear sliders are 
easiest manufactured by aluminum extrusion. Extrusion 

900mm750mm
300mm

416mm416mm

MODEL 2 MODEL 1

193N123N

PRESS-FORCE
70N

EFFEKTIVITY
170-200%

is a process where either cold or warm material is pressed 
through fixed cross-sections, creating theoretically 
indefinitely long materials, if so wanted. Laser-cutting 
is a method which can be applied on almost every other 
part of the waste bin. Laser-cutting is a CNC controlled 
method which can cut metal fast and accurate with the 
thickness up to 15mm and with the precision of 0,25mm. 
Other parts, as the framework and the chutes of both 
models, need the method bending to acquire the wanted 
design. See for example figure 49. Bending is a method that 
can produce u or v shapes. Three-point bending which is 
newer bending process can bend metal with a 0,25-degree 
precision. In appendix x can more illustrations of waste 
bin and its components be seen.

Figure 48: A comparison of the model 1 and model 2 with respect to dimensions, forces and effect.  

Figure 49: The front/top part of model 2 and model 1 use 
bending to acquire the wanted design.

Figure 51: Model 1 next to a human. The man in the picture is around 180cm tall.  



51 52Figure 51: Model 2 next to a human. The man in the picture is around 180cm tall. 

This chapter discusses the theoretical framework 
towards the result of the final models as well how 
these models could be further developed. 

 7 discussion
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7.1 RESULT
Noyes (2001) explained that when designing for humans 
the users are fundamental for the insurances of success, 
and should therefore be given priority in the design 
process. I have, as far as I can, designed for good user 
experience, based on my knowledge and thoughts. 
Sometimes, when needed I used input from others as 
well. I am therefore pretty certain about the flows in the 
design as well as aspects that are good. But, designing for 
desirability, which IDEO (2015) mentioned as one of the 
aspects a designer must take into consideration, have been 
hard to make sense of without opinions from a bigger span 
of users. I will from here discuss the final result based on 
theory from theory chapter. I have decided to divide the 
discussion into the section of user experience, usability 
and lastly ergonomics.

Usability
According to ISO (2010) can usability be divided into 
effectivity, efficiency, and satisfaction. In a product 
privately owned and used by the user, these three factors 
affect the user, and the user only. For example, if you run 
daily, efficiency is the effort and time that is put down to 
perform the task. Effectiveness is the result, which in this 
case can be, faster, stronger, and healthier. The satisfaction 
can be the feeling of constantly evolving into something 
better. Now imagine a world where every time you run, 
someone else becomes faster, stronger, and healthier. This 
will, of course, affect the satisfaction of the one running 
probably by a reduced motivation. The same challenge is 
faced when designing a waste bin that requires the work 
of one person (the user who presses the foot-press) and 
resulting in the effectiveness towards the waste bins owner 
and caretaker. And this has been a challenge designing this 
product. Had I, for example, been developing a waste bin 
towards private use, I could have afforded a design which 
requires more force compared to public waste bins. Because 
even if the work (efficiency) needed is higher, the result 
(effect) could, if it’s good enough, lead to a satisfaction 
weighing heavier than the work needed to perform the 
task. With this product, focusing towards public use, the 
satisfaction from a compressed waste bin, can’t be used in 
the same way as a motivation. On the other hand, some 
may ignore the fact that this product requires help from 
the user to work, others may be satisfied only by knowing 
that the product is environmentally good.  People may 
still feel satisfaction using the product, and it would be 
important to understand what such a satisfaction is based 
upon. Interview 1 was, for example, with this in mind. But 
as mentioned before, a real understanding could only be 
perceived by further development and well-performed 
user tests. 

Good efficiency is also dependent on how easy the 
product is to learn (Nielsen, 1993). The waste bin can, due 
to its unusual appearance be hard to understand without 
earlier experience of the product. Therefore, to enhance 
learnability, explanatory texts and symbols have been used 
on the waste bin. To begin with was  ”PRESS TO OPEN” 
the only information given. Some people who saw this 
text, though at first glance, that the white retangle (the 

chute) on model 1 was the area the text referred to. To 
avoid this problem was the text expanded by a direction 
in the sentence, PRESS DOWN TO OPEN, as well as the 
directional symbol underneath.

User experience
A product can according to Allenwood & Beare 
(2014) only be a success of it provides the user with 
good experience. Following this mindset, it’s therefore 
important when users interact with the waste bin that the 
first experience isn’t destroyed by the fact that the foot-
press, which is the main source to the user experience, 
is hard to press down. Even though people, according to 
survey 1, was positive in the manner of knowingly interact 
with a waste bin’s manually compressible feature, it cant 
be ignored that user has to add an additional step into the 
simple process of interacting with a waste bin. ISO (2010) 
explain that user experience is dependent on what the 
user beliefs and which attitude the user has before using a 
product. If the user believes that the foot-press going to be 
low demanding and it isn’t, the experience can be affected 
more negatively then it actually is. It’s therefore extremely 
important that this new extra step of pressing the foot-
press is low demanding in speak of required force. But 
making the foot-press low demanding has proved to be a 
big challenge in this product development.

How hard there is to press the foot-press is dependent on 
two factors: the weight of press-plate, and the distance the 
weight most travel. The weight itself interchangeable, but 
lower the weight will also result in a lower compressing 
effect. The press-plates traveling distance can also be 
changed. Either by shortening the distance it travels down 
the inner waste bin, which also leads to less effectivity, or 
somehow shortening the distance the press-plate has to 

Figure 52: One way to decrease the force (N) from the user 
without loss in effectivity is to reduce the press-plates moving 

distance  X.  

N

L

X

travel above the inner waste bin. In Model 1, the press-
plate has to travel 150mm above the inner-waste bin so 
that waste can be disposed underneath it. This distance is 
the only factor in this design that can be changed without 
affecting the effectivity (figure 52). So the To make the 
waste bin less demanding, without loss in effectivity 
the distance of 150mm must be shortened. Late in this 
project, an answer to reducing the distance of 150mm was 
figured out and can in the final result chapter be seen as 
model 2. The press-plate of model 2 only travels inside the 
inner waste bin making the unwanted distance of 150mm 
reduced to zero. This led to 36% less force is needed from 
model 2 compared with model 1 which can be a big 
difference in terms of perceived experience.

Ergonomics
The ergonomically factors are of great importance in a 
product designed for public use. The height of the chute 
and more importantly, the height of the foot-press most, if 
acceptance going to be reached, work for most humans or 
at least the 90 percent percentile (Pheasant & Haslegrave, 
2003). It’s not only body measurements that must be taken 
into account, the weight of the user is also important. 
For example, the foot-press can be pressed by moving 
the bodies center of gravity forward, meaning if you’re 
lighter you will also perceive the force needed as greater. 
To understand the foot-press’s limit in both height and 
required force, extended research and various user tests 
are needed. The height and required force of the foot-press 
are with the current models almost only tested by me, the 
designer of the product. But as Pheasant & Haslegrave 
(2003) explained, there are facilities when ergonomics 
is designed from the view of the designer. However, 
by developing with consideration of the differences in 
human anthropometry, the possibility of bad design 
becomes reduced and it gives a good position for future 
development.

7.2 FURTHER RESEARCH AND 
DEVELOPMENT  
I believe that a problem that may occur during the analysis 
of extended user tests is the problem finding balance while 
pressing the foot-press. Therefore, could an additional 
component be necessary for future developments, helping 
the user maintain the balance. I suggest a bar of some 
kind which the user can grip while pressing the foot-press 
(figure 53). This bar may also help the user increase force 
towards the press-plate. I also think, which I mentioned 
in the method discussion chapter, that the size of the 
waste bin may become more suitable towards the market 
if the volume is bigger than it is with the current models. 
A bigger waste bin will increase the total capacity, but on 
other hand decrease the percentual increase of effectivity. I 
believe that an extended research towards the market and 
the most important customers is a necessity to understand 
the needed capacity. Another option is to focus on two, 
maybe three models, which all have different sizes and 
capacities, alternative focus more towards recycling and 
how the waste bin can be optimized for sorting of different 
materials. Another alternative is to examine the market 
for private use. As mentioned earlier in the discussion, 

Figure 53: A bar on top can help the user keep the balance 
during use. It may also help provide an increasing force the 

user applies on the foot-press.

the product will most likely provide a better satisfaction if 
the waste bin is used for private use. Further development 
towards the caretaker user group is also needed. The inner 
waste bin can, for example, be placed on a rail, which can 
be pulled out during the emptying procedure. A solution 
like that will make the process of changing the plastic bag 
easier, less restraining and faster than before. Another 
potential development towards the caretaker user group 
is a combination of the door lock and the scissor-lift lock, 
making the work of opening the door lock automatically 
lock the scissor-lift.



55 56

This chapter answers the research questions stated in 
the beginning of the project.

 8 conclusion
How could the mechanic behind a compressing system 
be designed to work entirely from the user’s energy?
It was decided with the target specification that the use 
of a compressing feature would be limited to the vertical 
movement, up and down inside a waste bins plastic bag. 
The use of plastic bag also limits the area of possible 
invention suited for a compressing design.  There exist 
today mechanical solutions that could perform the 
required extension, most of them, however, would not be 
fitted for a manually handling because of the time it would 
take to fully expand and retract them. That has also been 
the case of the typical use of the scissor-lift design. But 
its mechanical structure can with minor changes fulfill 
the need of a quick retraction, which is essential for this 
product to work entirely from the users. The design of the 
scissor-lift also has the unique ability to provide an evenly 
spread force throughout the press-plate, which also is 
essential for the product to work (figure 54). 

How effective can a compressing system become and still 
require acceptable efficiency?
This research question will entirely be based on the 
EEC-test. The EEC-test was created to evaluate concepts 
based on the required force from the user and the result 
measured in weight compared between uncompressed 
and compressed waste. With the force of 90 N, the weight 
of the compressed full waste bin was doubled compared 
with the same full waste bin uncompressed. This gives 
a 200%  growth in capacity. If 7 kilos instead are used, 
which are the force used in the final concept, the growth 
of capacity can be estimated between 70-100%.

How could the product be designed to enhance user 
experience?
When designing for good user experience, many 
challenges were faced in the project. The biggest challenge 
was to keep the required force from the user as low as 
possible. It was shown that the force needed, was strongly 
dependent the scissor-lifts contracting distance. Thus, 
the distance between the press-plates highest and lowest 
position effect how much force the user need to apply to 
press the foot-press. Another factor is the weight of the 
press-plate. Low weight leads to less required force from 
the user but so also a decreasing effectivity meaning a 
tradeoff between user experience and the resulted effect 
is unavoidable. By testing the physical prototype and 
balance the press-plates weight towards the data from 
the EEC-test was 7kg chosen as weight of the press-plate. 
With model 1 it results in a required force of 196 N from 
the user. With Model 2, which has a reduced contracting 
distance compared with model 1, has a required force of 
123N, 36% less than model 1.

Figure 54: This modified scissor-lift can quickly retracts and 
provide an evenly spread force during the compression.
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