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Abstract 
This report describes the process of designing a charging station for electrical bicycles and 

is the end project of the Industrial Design Master at Jönköping University.  

The thesis was created and assigned by Energikontor Norra Småland. This organization 

helps companies to be more sustainable and promotes clean energy. In this case, they are 

working together with Cykelpoolen, which is a newly started company that wants to 

create an electric bike rental service. The charging station was made to fit this company’s 

choice of bikes. The requirement was to create a charging station that could fit both 

regular electric bikes and electric cargo bikes, and that could be fitted inside a parking 

garage.  

The work began with researching electric bikes, existing charging stations and contacting 

people and companies of interest.  

A number of concepts was then developed and presented to Energikontoret and 

Cykelpoolen. They then chose one of the concepts that was then further developed with 

CAD-files, renders and in the end a physical model.  

The result is a charging station that can be adapted to fit different types of bikes and 

different wheel sizes. The station features heavy-duty locking eyelets to secure the bikes 

by the frame without having to bend down or use bad posture. Each bike spot have a 

stable bike rack that firmly holds the bikes into place and a charging indicator that reveals 

the status of the charging process. 

The physical model that was presented during this thesis was made in scale 1:1 and 

consisted out of one charging unit. 
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Sammanfattning 
 

I denna rapport beskrivs processen för att designa en laddstation för elcyklar och är 

slutprojektet för mastersprogrammet i industridesign vid Högskolan i Jönköping. 

Examensarbetet skapades och tilldelades av Energikontor Norra Småland. Denna 

organisation hjälper företag att ställa om till en hållbar energianvändning och främja 

användning av grön energi. I det här fallet jobbar de tillsammans med Cykelpoolen, som 

är ett nystartat företag som vill utveckla en elcykelpool som användarna kan abonnera på. 

Laddstationen designades för att passa detta företagets val av cyklar. Målet var att skapa 

en laddstation som passar både vanliga elcyklar och eldrivna lådcyklar, och kan placeras i 

ett parkeringshus. 

Arbetet började med att undersöka elcyklar, befintliga laddstationer och kontakta företag 

inom branschen. 

Ett antal koncept skapades och presenterades för Energikontoret och Cykelpoolen. Dessa 

valde sedan ut ett av koncepten som sedan vidareutvecklades med hjälp av CAD-filer, 

renderingar och slutligen en fysisk modell. 

Resultatet är en laddstation som kan anpassas för att passa olika cykeltyper och olika 

storlekar av cykelhjul. Stationen är utrustad med robusta låsöglor där cyklarna kan låsas 

fast i  cykelramen. Varje cykelplats har ett stabilt cykelställ som håller cyklarna på plats 

och en laddningsindikator som visar status för laddningsprocessen. Den fysiska modellen 

som presenterades under detta examensarbete tillverkades i skala 1: 1 och bestod av en 

laddningsenhet.
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1 Introduction 

1.1 Background 

A common trend within the Swedish cities is the densifying the city centers. This have 

created the need of creating attractive and sustainable urban environments, where the car 

takes less space in proportion to other means of transportation, like bicycles, walking and 

public transport.  

In October 2016 Energikontor Norra Småland started a project named GoMate: 

Diversifierad elfordonspool. The aim of this project is to try out the concept of having a 

diversified electric vehicle pool in two densifying areas in Jönköping, Munksjöstaden in 

the city center and Strandängen, which is located about 4 km from the center. A 

diversified pool contains multiple types of vehicles adapted to different types of travel 

needs- electrical bicycles, electrically assisted cargo bikes, and electrical cars of different 

sizes. The purpose of this is to analyze to what extent the access of a diversified vehicle 

pool- alongside walking, biking, and public transport- can help reduce car ownership and 

car use among the citizen of Jönköping. 

 

1.2 Objectives 

The goal of this project is to create a concept for a charging station that can charge 

multiple electrical bikes at the same time. The charging station is to be fitted in a standard 

parking garage and be accessible to the people living in the associated apartments. The 

design should be chosen in such a way that it attract people to use it and feel safe while 

using it. A physical model should be built that will facilitate the understanding of the 

design and proportions. 

1.2.1 Research questions 

• How can a charging station for electric bikes be designed to charge multiple bikes 

at the same time? 

• In what way can the design attract people to use electric bikes in greater extent? 

 

1.3 Organization information 

1.3.1 Energikontor norra Småland 

Energikontor Norra Småland is one out of 15 regional energy agencies in Sweden. It is a 

nonprofit organization with the purpose to help the region to achieve its energy- and 

climate goals. Energikontoret is also working to inform and educate different target 

groups within the field. The organization is part of Region Jönköping County since 1 

January 2016 with the attendance from all munipalities and county administrative board. 
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The work is focused on increased energy efficiency and increased use of renewable energy 

sources within the region. The business is conducted in various collaborative and 

development projects from local and regional level, up to European level. 

“Energikontorets?” vision is to create opportunities for municipalities and industry to 

facilitate the shift to a sustainable business from an energy and climate perspective 

through collaboration. Since the relationship with the organizations partners is important, 

all the relationships should be imbued with respectful treatment and care as well as 

discretion if desired. 

1.3.2 Cykelpoolen 

Cykelpoolen is a newly founded company that intends to create a new type of renting 

pool service for electric bikes. Their aim is to develop a concept for an electric bike rental 

service were the members pay a monthly fee to get access to the bike pool. To book a 

bike the user goes to the company’s app and simply enter what type of bike and when 

they need it. They will then get a reply that tells them which bike they have been assigned 

and where to pick it up.  

The company is under development and are working closely together with Energikontoret 

to finalize their business. 

 

1.4 Delimitations 

This thesis will not involve the content of the charging station such as the electrical parts 

where more specific knowledge is needed to ensure safety. Mechanical drawings and 

calculations will neither be part of this thesis since it is outside the main field of study for 

the master program.  

The design process will end after the physical model have been presented and the last step 

of the design methodology, which is testing, is not a part of this thesis. This step can be a 

future part of the development process for the project.  

Manufacturing and issues related to manufacturing such as choices of machinery and 

processes will be taken into consideration but not deeply researched. 

 

1.5 Disposition 

The outline of the thesis report will be presented here. This will explain how the report is 

constructed. 

• Introduction: 

This chapter will give the reader some background information about the thesis and 

explain the goals and limitations of the work. 
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• Theoretical background 

This part will go though some information that is relevant to understand the background 

of the project.  

• Method 

Under this chapter, the different methods used in order to reach the final result are 

explained.  

• Approach and implementation  

This part will show the process of the project and describe how the methods in the 

previous chapter were applied. 

• Result 

Here the result will be presented in detail showing the different parts of the product in 

order to be fully understandable.  

• Discussion 

This chapter contains reflections of the project from the author’s perspective.  
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2 Theoretical Background 

2.1 Design thinking 

Design thinking is a method for practical, creative resolution of problems and creation of 

solutions.  

It is a methodology of design, used as a tool for innovation that implements design 

processes in order to reach the best results. 

Design thinking aims on finding the best solutions for problems by exploring different 

ways to solving them and then determent the best ones. 

The methodology consists of a number of different phases and are usually divided into 

phases like: empathize, define, ideate, prototype and test. These phases can vary in 

number and depend on the different versions of it used on each project.  The key element 

to all these phases is creativity. The idea is generally in a constant state of evolution and 

the steps are not linear but can occur simultaneously and be repeated. [1] 

 

2.2 Bootleg Bootcamp 

The design process that have been used for this master thesis is called Bootleg Bootcamp. 

The process consists of 5 phases under which a number of design methods can be applied 

to proceed forward and reach the result. The design process was developed by the 

institute of design at Standford University as toolkit for design thinking practice. The five 

phases are: Empathize, Define, Ideate, Prototype and test. [2] 

 

 

Figure 1, Bootleg bootcamp 
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2.2.1 Empathize 

The first step for the designer is the gather information about the user and the product 

that is going to be designed. It is crucial to understand the people for whom a product is 

being designing for, in order to find out what is important for them and to find out what 

might be a problem. To do this the designer needs to empathize with the user and try to 

see the problems from their point of view.  

This can be done by watching what people do and how they interact with their 

surroundings or by asking them how they experience things. The best solutions to 

problems comes from the best insight of the human behavior, which is why this phase is 

so important.  The designer can also place himself in the role of the user to get a first-

hand experience.   

 

2.2.2 Define 

The define step is to synthesize and organizing the findings from the previous step into 

needs and insights. The goal is to develop a deep understanding of the users and thereby 

come up with a problem statement. This statement can also be considered as the 

designer’s point of view.  

This step is critical to the design process since the designers will strive to solve the 

problem that is being defined in this step. If the previous step have been executed poorly 

and the problems being defined is not the right ones this will most lightly result in a 

product not adapted to its users.  

    

2.2.3 Ideate 

This phase revolves around finding as many solutions as possible to the problems defined 

in the previous phase. The main focus is on idea generation and trying to create a wide 

range of concepts. By trying to explore as many different solutions as possible with as 

much diversity as possible the designer can then sort and mix among them to find the 

most suitable solution.  

 

2.2.4 Prototype 

The goal of this phase is to get the best ideas from the ideating phase in to the real world 

to test them. Prototyping can be anything that takes a physical form such as sketches, post 

it notes, role play, an object, interfaces or storyboards. The prototype can be created 

rough and rapid in the beginning of the project since the goal is to allow the designer to 

explore and learn from it to investigate different possibilities.  
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The most successful way of using prototypes is to let other people interact with it in 

order to learn from those interactions and create a deeper empathy and thereby 

create successful solutions.  

Prototypes are mainly used to test functionality of a product, but can be used for many 

other things such as: 

• Gaining empathy: By using prototyping as a tool to get a deeper understanding of 

the user by letting them interact with it. 

• Exploration: Build to think. By using prototyping as a tool to come up with 

multiple solution options. 

• Inspiration: By building a prototype to inspire other people and to convey your 

vision. 

 

2.2.5 Test 

The last phase in Bootleg Bootcamp is the testing phase. This is where a more refined 

prototype is tested in order to get feedback from the user and evaluate the results. This 

gives the designer the chance to optimize the product and iterate back to other phases if 

needed 

The testing is done to be able to refine the solutions and the prototype. It is also done in 

order to empathize through observation and engagement and to gather even more 

information about the user since unexpected insights often can be found in this phase. 

 

2.3 Double Diamond 

Created by The British Design Council, the double diamond process maps the divergent 

and convergent stages of a design process. The process is described in consists out of 

four steps, Discover, Define; Design and Develop, showed in the figure below. [3] 

 

Figure 2, Double diamond. 
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Divergent thinking consists in creating a large number of possible ideas, and its followed 

by convergent thinking when one of the ideas is chosen. In the double diamond, this 

process happens twice. The first time is when the problem gets defined, and the second 

time is when the solution is created. The four phases of this method are described below. 

2.3.1 Discover 

Start of the project. The designer analyzes and gathers information related to the project. 

In this phase all the research necessary in order to conduct the project is made. 

 

Figure 3, Discover 

2.3.2 Define 

During this phase, the designer comes up with conclusions after the previous analysis. 

These conclusions serve to define the problem and create a clear brief that explains and 

frames the project. This definition is fundamental at any design project 

 

Figure 4, Define 

2.3.3 Develop 

Consists on finding ideas and creating different concepts that solves the problem. These 

ideas follow an iterative process in which they are explored and redefined in order to 

improve them.  
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Figure 5, Develop 

2.3.4 Deliver 

The phase revolves around finalizing and launching the result of the project. 

 

Figure 6, Deliver 

 

2.4 Electric bicycle 

An electric bicycle is a bicycle equipped with an electric motor, which assist the user when 

the pressure on the pedals increase. This facilitates uphill biking or biking in strong 

headwind. The motor is only allowed to assist for speeds up to 25 km/h, after that they 

automatically disconnect, only allowing the bike rider to add additional speed by using 

muscle power. The maximum motor wattage for electric bikes are 250W. Bikes with 

motor wattages between 250-1000W are classified as class 2 mopeds and are called 

powered cycles. Bikes with higher speeds then 25 km/h and effects over 1000W are 

classified as class 1 mopeds.  
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Figure 7, Types of electric bicycles 

In order to understand how an electrical bicycle is constructed, a picture with the 

different parts of it can be seen in the figure below. 

 

Figure 8, Electric bicycle picture [4] 

In chapter 2.4.1, 2.4.2 and 2.5.1 I will show the bikes that were selected to be used for the 

station. They were the ones that the company selected and they are the bikes that the 

dimensions of the station is based upon. 
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It is very important for the design of this station to know which bikes are going to be 

used since the way that the battery is placed, and the way that they are charged differs 

from different models. 

2.4.1 Crescent Elder 

 

Figure 9, Crescent Elder 

This bike is from crescent and is a bike for men. It have a mid-placed motor and a mid-

placed battery on the down tube, which can be charged either with the battery still in 

place on the bike, or by removing the battery and then charging it. [5] 

The bike is equipped with 10 gears and have a wheel size of 700x35C, which means that 

that the wheel included with the tire have an outer diameter of 700mm and a 35mm tire 

width. 

The bike comes in three different sizes suitable for persons with a height from 160 cm to 

205 cm. The geometric information can be seen in the figure below  

 

Figure 10, Crescent Elder dimensions [6] 
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2.4.2 Crescent Elda  

 

Figure 11, Crescent Elda 

Crescent Elda is the female version of Crescent Elder. It features 10 gears and the same 

mid placed motor and down tube mounted battery as Elder, and have the same wheel 

size. All specifications are identical with Elder except for the bike geometry, which fits 

females with a height between 150 cm to 185 cm. [7] More geometric dimensions can be 

seen in figure 32. 

 

Figure 12, Crescent Elda dimensions [8] 

 

2.5 Electric cargo bike 

Electric cargo bikes are a type of electric bicycle specially designed to transport cargo. 

These type of vehicles are constructed with a cargo area that can consist of either an open 

or closed box, flat surface or a wireframe basket. This makes it possible to carry larger 

and heavier cargos then regular electric bikes without this space.  
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2.5.1 Livelo electric cargo bike 

 

 
Figure 13, Livelo cargo bike 

The Livelo #1 is a nine-geared electric cargo bike with a rear wheel hub motor. The 

battery is placed on the frame of the basket, below the handle bar. The bike is 88, 5 cm 

wide, 199 cm long and have two 20” front wheels and a 26” rear wheel. [9] 

The bike comes is one size which is made to fit both male and female users of all heights. 

 

2.6 Transformer 

A transformer is an electronic device that transform electric energy to different current 

and voltage levels. It is in other words used to increase or decrease the alternating 

voltages in electric power applications.  

Transformers are widely used in electronic devices and are used in all electric bike 

chargers found during this thesis. The transformer is the part found in the middle of the 

chargers shaped like a rectangular block. [10] 

 

Figure 14, Transformer 
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2.7 Laws and regulations 

According to Swedish laws and regulations, the charging station needs to fulfill the 

following requirements: 

 

Obligations relating to electrical equipment [11] 

• 16 § Anyone who manufactures, representing the manufacturing, importing, 

distributing or installing electrical equipment shall ensure that the equipment meets 

current safety requirements. 

• § 17 The holder of an electric equipment shall ensure that it is maintained in an 

acceptable manner and used in a way that does not endanger the safety. 

• 18 § Anyone who uses an electric equipment should ensure that it is safe for use. 

• 19 § The holder of an electric equipment intended to be connected to a power 

facility shall ensure that 

1. Keep under review the equipment provides adequate security against 

personal injury and property damage, and 

2. Work on or in connection with the equipment made in such a way and 

performed by or under the guidance of persons with knowledge and skills 

that adequate safeguards against personal injury and property damage.” 

 

2.8 Human factors 

The International Ergonomics Association defines ergonomics (or human factors) in the 

following way:  

• Human factors is the scientific discipline concerned with understanding the 

interaction between humans and other elements of a system, and the profession 

that applies theory, principles, data and methods to design in order to optimize 

human wellbeing and overall system performance. 

• Ergonomics contribute to the design and evaluation of tasks, jobs, products, 

environments and systems in order to make them compatible with the needs, 

abilities and limitation of people. 

• Ergonomics helps harmonizing things that interact with people in terms of 

people’s needs, abilities and limitations. [12] 

 

2.9 Description of words used 

• Regular electrical bike: Is to be referred to an electric bike of the type that have 2 

wheels, and electric power assist up to speeds of 25 km/h and have a motor effect 

of up to 250W. Such as the bike, Crescent Elder or Crescent Elda described in 

chapter 2.5.1 and 2.5.2. 
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• Electric cargo bike: Is to be referred to an electric cargo bike consisting out of 2 

front wheels, one rear wheel and a cargo space in the front of the bike such as the 

bike Livelo #1 described in chapter 2.6.1
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3 Method 
This chapter will describe the methods that have been used during this thesis work. 

3.1 Gantt-chart 

Is a planning tool mainly used in project management to visualize activities against time. 

The left part of the chart contains a list of activities that is displayed against time. Each 

activity is represented as a bar in the chart. The placement and length of the bar tells 

when the activity is scheduled and for how long it is supposed to last. [13] 

 

3.2 Design brief 

A design brief is a written document that serves as an agreement between the designer 

and the client on what is to be delivered. This document helps capture the core idea that 

should pervade the product and clearly be communicated to the user.  

A design brief is often concentrated around things like: 

• Identifying what the new product aspires to be. 

• Identifying the elements that determine the technical quality of the product 

• Describing the basic function of the product 

• Describing the personalities of the user and product 

• Describing features that determine the experience value  

• Describing the products contribution to the image of the company  

• Describing the contribution to the image of the company that the product will 

reflect 

• Describe how the product should be associated with a product system 

[14] 

 

3.3 Literature review 

Literature reviews help gather information from published sources such as previous 

projects. The objective is not to summarize all previous knowledge but rather to 

synthesize information and insert it to the new project. The information can be gathered 

both from online sources and printed sources such as books, magazines, newspapers and 

reports. [15] 

 

3.4 Product design specifications (PDS) 

A product design specification is a tool for visualizing and documenting the requirements 

that a product must meet in order to be successful. The PDS helps defining the product 
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that is about to be developed and can be very helpful when briefing a customer or an 

employer. [16] [17] 

There is many forms of specifications covering areas such as: 

• Product performance 

• Ergonomics 

• Safety 

• Production 

• Construction 

• Marketing 

• Environmental impact 

• Aesthetics  

• Installation and maintenance  

 

3.5 Stakeholder analysis 

A stakeholder is defined as “individuals or organizations who stand to gain or lose from 

the success or failure of a system” [18]. Since the stakeholders are all people that will be 

effected by the outcome of the product that is to be developed, it is of great importance 

to take these peoples perspective into account to create a successful product.  

A stakeholder analysis is a way of organizing and analyzing the stakeholders and research 

what interest these people have in the project in order to decide what level of impact their 

opinion should have on the outcome. The stakeholders many times have conflicting 

interests and this is why it is important to establish a clear view of their intentions and 

position of power. [18] 

The steps in a stakeholder analysis can be divided into 4: 

1. Identifying the stakeholders 

2. Prioritizing the stakeholders 

3. Understanding the stakeholders perspective 

4. Incorporate the stakeholder perspectives into the design 

 

3.6 Personas 

A persona is a description of a fictional person who belongs to the target group. Within 

psychology, a persona can be described as the role a person takes in a certain social 

context. The description of a persona is based upon the information gathered from 

exploring users of a product and the data in different forms that can be collected by 

interviews, observations etc.  
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The aim of the method is to create a realistic description of the main users that can help 

the designer to develop solutions that are based upon their needs. It can also help 

discovering problems that might not otherwise have been discovered. This method is 

based more upon focusing on creating a good description of the user that to build the 

work upon large quantities of data and statistics. [19] 

 

3.7 Interviews 

Interviews are a way of communicating primary with the purpose of questioning a person. 

The method is widely used within a large range of professions within fields such as 

journalism, psychology, social work and are also used to collect data from questionnaires. 

Interviews usually refers to a one on one conversation were one person acts as the 

interviewer and the other one as the interviewee. The interviewer asks the questions while 

the other person answers them. Usually interviewing can be seen as a transfer of 

information from the person being interviewed to the interviewer.  

For designers interviews are a good way as collecting data and information from a user 

based perspective. This is many times the fastest and most reliable way of collection high 

value information such as how the users behaves, what motivates them and annoys them 

when using a product. [19] [20] 

 

3.8 Image boards 

Image boards is a collage of pictures that is used to convey topics like moods, lifestyles, 

themes etc. This boards are used to help the people involved in a project to understand 

what type of lifestyle, feeling or theme the product should represent. It is also used to 

better understand the target market and as a platform for inspiration for ideas or solving 

problems. 

Image boards that represents moods are usually called mood boards and are used to 

describe feelings, moods and what type of core values the product should represent. The 

purpose of this type of image board is to evoke associations, not to show what the 

product should look like. A “visual theme” on the other hand works like a guide in form 

language for the designers. 

Lifestyle boards is created to describe the target group, their values and environment. [17] 

[19] 

 

3.9 Function analysis 

A function analysis is a way of analyzing products functions by dividing them into main 

functions, necessary functions and desired functions. This is done by describing the 
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functions with the help of two columns. The first column contains verbs while the second 

contains nouns. The functions is then ranked within a third column by assigning them 

letters that states their rank. The letters “MF” stands for main function, “N” stands for 

necessary function and “D” stands for desired function. The fourth and last column in 

the function analysis is dedicated to notes that clarify what the functions mean. 

Function analyzes are not only used for understanding products better but it is also used 

by designers to help generating ideas on how different function objectives can be met. 

[17] 

 

3.10 Market research 

It is important to research what product that exist on the market already in order to avoid 

having to reinvent the wheel. Many times other people have already struggled with the 

same type of problems that are being faced, and found solutions for them. In most cases 

it is there for wise to analyze the market and draw inspiration from existing products.  

 

3.11 Branding 

In order to give the product an appearance that can be associated with the customer’s 

values and image, it’s important to take into consideration what type of branding the 

customer needs. This can be done by analyzing the company’s logotype, their graphic 

profile and their other products. 

The purpose with branding is to distinguish it from competitors, make it more 

satisfactory to the user or to communicate a product or brand identity. [19] 

 

3.12 Sketching 

Sketching is a useful tool both when it comes to visualizing ideas and communicating 

them with others. It is also useful when it comes to exploring ideas and concepts. The 

advantage with sketching over many other visualizing techniques is the speed which ideas 

can be generated and documented. Since it is much easier to communicate ideas with 

sketches then for example trying to explain them verbally, it has become the main way to 

start up the ideation phase for many designers. Misunderstandings are also significantly 

less lightly to occur using this technique then explaining by words either in written or 

verbal form. [21] 

 

3.13 CAD- modelling 

CAD stands for Computer Aided Design and is a tool widely used by designers and 

engineers. CAD modelling is often useful when a designer wants to explore or explain a 
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geometrically complex design. The CAD model is also often used for rendering purposes 

when the design team want to create a picture of how a product can look like in the real 

world without having to build a physical model. [17] 

 

3.13.1 Solidworks 

Solidworks is a 3D CAD program that is used by more than 2 170 100 engineers and 

designers and is one of the most used softwares in its category in the world. It is owed by 

french Dassault Systèmes and is used within areas such as industry, medical technology, 

science, consumer, education, technology and transport. [22] 

 

3.14 Rendering 

Renderings are images made with a high level of detail where the creator often want to 

imitate the physical attributes that an object would show in the real world as much as 

possible. Reflections, highlights, colors and surface textures are important parts of 

renders, and helps creating a convincing impression of a physical object. Renderings are 

nowadays mainly created with the help of computer software’s, but was in previous times 

created by hand. 

 

3.14.1 VRED 

Is a 3D visualization and virtual prototyping software from Autodesk that is used within 

the automotive- and digital marketing industry. [23] 

 

3.14.2 Keyshot 

Is a 3D rendering software from Luxion described as: 

“KeyShot is the first realtime ray tracing application that uses a physically correct render 

engine based on scientific research in the areas of scientifically accurate material 

representation and global illumination. Addressing the visualization needs of designers, 

engineers, marketing professionals, photographers and CG specialists, KeyShot breaks 

down the complexity of creating photographic images and animations from 3D digital 

data” [24] 
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3.15 Physical model 

A physical model can be crafted out of any material while the most commonly used ones 

are materials such as paper, cardboard, wood and different types of foam made out of 

polystyrene. As the name implies models of this sort is made of physical materials and 

digital or mental models do not apply for this description.  

 

3.16 Prototyping 

Is a way of testing if an embodiment solution that have been developed is fit for its 

intended purpose. This includes testing the new product to the degree that is necessary 

for the developer. Prototypes fulfil several functions in product development such as 

acting as a communication media for discussions with clients, or helping the designer to 

develop new ideas, especially when the product is complex and highly three dimensional 

and therefor hard to visualize in other ways. [19] 

 

3.16.1 3D printing 

3D-printing, also called additive manufacturing or rapid prototyping is a manufacturing 

method of creating solid objects from a digital file. It can be archived by a number of 

different methods and by using a wide range of different materials were plastic is the most 

common one. The method use additive processes which put downs layers successive until 

the desired object is shaped. [25] 

 

3.16.2 CNC milling 

CNC stands for Computer Numerical Control and is a manufacturing method in which a 

mill use computer controls to cut the material used into shape. CNC milling machines can 

have between 3-5 axis and automatic tool change.  

The machining process use rotary cutters to remove material from the work piece by 

advancing over the piece. A large variety of operation methods can be used where the 

tool moves in different patterns to give the product the quality needed. 

CNC milling machines are available in a large number of sizes and qualities. They are 

most commonly used in the industry and machine workshops where details of precise 

sizes and shapes needs to be manufactured. [26] 
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3.16.3 Surface finishing and painting 

This method is necessary before painting any 3D printed parts and any milled pieces since 

the surface quality usually is too rough to achieve a desirable result. The tools used for 

this method are: 

• Sandpaper: Is used to create a smooth surface and remove excess material and 

defects.  

• Filler: Is used to cover defects, pores and small cavities in the surface material.  

• Spray filler: Is finer than normal filler and is sprayed onto the surface as the last 

step in preparing the surface for painting. The filler is usually sanded with a fine 

grain sandpaper before the paint is applied. 

• Painting: Paint is applied by spray can or paint gun for best result. The paint 

applies the color of the product and serves as protection. 

[27]
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4 Approach and Implementation 
The following chapter will explain the approach taken for this thesis and will describe 

how the methods presented in the earlier chapters was implemented.  

4.1 Empathizing 

The first stage of bootleg boot camp is empathize. During this step most of the 

theoretical work were done such as research, planning and interviews. This part of the 

thesis will present how the project was planned and how the research was conducted. 

4.1.1 Gantt-chart  

The project was started by creating a Gantt-chart that would help visualizing how much 

time that was needed for each task and step. The tasks that was placed on the timeline 

came from the experience from previous projects, and objectives that was discovered 

during the research phase.  

I started by placing the fixed dates that was given to us, such as the mid-presentation, 

report hand in, final report hand in and the final presentation. This made it easier to 

estimate how much time was needed for each task. Then I wrote down all the different 

steps that were needed to finalize the project and ordered them under the different phases 

of the Bootleg Bootcamp methodology. I gave the project a time buffer of 8 days to 

counter the effect of unexpected delays and minimize the risk of unnecessary stress. 

The Gantt-schedule can be seen in figure 52, in attachments. 

 

4.1.2 Design brief 

After planning the thesis, the second thing I did was to write a design brief that was 

presented to Energikontoret. I was not given much information about what they wanted 

since they had not worked with this type of charging station before and they did not 

know exactly what they wanted in terms of colors, forms and functions. My contavt at the 

company confirmed that I had understood the task correctly and gave me a list of 

contacts that I could talk to if I needed help. They also directed me to take contact with 

the company Abloc, which is the company from which the idea to the company 

Cykelpoolen derives from.  

 

4.1.3 Stakeholder analysis 

To get an overview of the different stakeholders that is involved in the project a 

stakeholder analysis was made. This helps visualizing were different information arrives 

from and what interests should be prioritized in a situation of opposing wills.   
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Stakeholder Position 
Company/ 

Organization 
Influence 

Interest 
in the 

project 
Goals 

Objections 
to project 

Therese 
Silvander 

Project 
leader 

Energikontor 
Norra 

Småland 
10 High 

Realize a 
charging station 

for electrical 
bikes. 

 

Erik 
Abrahamsson 

Business 
developer 
and bicycle 
enthusiast 

Abloc + 
Grand Public 

+ 
Cykelpoolen 

9 High 

Install several 
charging 

stations at 
Munksjöstaden 

 

Tommy Fritz VD Tolust 1 Medium 

Rent out 
parking spaces 
to companies 
and customers 

in 
Munksjöstadens 

garage 

Does not 
want to 
sacrifice 
parking 

space from 
cars in the 

garage 

Stefan 
Hoflund 

Project 
leader 

Riksbyggen 2 Medium 

Is positive to 
adding charging 

stations into 
future building 

projects 

 

Magnus 
Suksee 

Quality and 
Sustainability 

Manager 
Garo 5 Medium 

May be 
interested in 

manufacturing 
the charging 

station 

 

Claes 
Johansson 

Design 
Manager 

Garo 5 Medium 

May be 
interested in 

manufacturing 
the charging 

station 

 

Reine Lönn 
Sales 

manager 
Garo 5 Medium 

May be 
interested in 

manufacturing 
the charging 

station 

 

Martin 
Setterberg 

Seller/bike 
technician 

Sportson 2 Low   

Table 1, Stakeholder analysis 
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4.1.4 Research 

To establish a visual direction from which to generate concepts, image boards of different 

categories were created.  

 

4.1.4.1 Clean energy 

 

Figure 15, Clean energy image board 

Since the charging station is to represent an environmental friendly alternative of 

transportation, an image board was created to try to find a pattern for what people think 

is representing this in terms of colors. 

The result of the image board showed that blue, green and white seemed to clearly be the 

colors representing people’s perception of the words “clean energy” and “environmental 

friendly”. 
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4.1.4.2 Dirty energy 

 

Figure 16, Dirty energy image board 

To avoid picking colors that is associated with dirty, non- environmental friendly energy 

an image board for this dirty energy was created for this purpose. The image board was 

made up by imagines containing products, facilities and landscapes that shows this and it 

became clear that the colors like grey, black, brown, red and yellow was dominating 

 

4.1.4.3 Interview with Martin Setterberg  

To gather the information necessary for the project I prepared questions that I did not 

find the answer to during the literature review and went to Sportson (which is a bicycle 

shop) and interviewed Martin Setterberg. This gave the information needed about the 

different type of batteries and dimensions that were needed to move on to the next phase. 

This is the information gathered from the interview: 

Batteries 

• The two most popular electric bikes that is sold in Sportson is Cresent and 

Ecoride. The both brands have their own batteries where Panasonic manufactures 

the battery cells.  

• Crescent offer three battery sizes where their 11-ampere battery is the middle sized 

one.  

• Most electric bikes contains 10 battery cells.  

• Ecoride bikes have a different placement then the Cresent bikes where they place 

the battery vertical under the seat pole. This makes the battery easy to access and 

also distributes the weight of the battery under the user which makes the bike 



Approach and Implementation 

31 

 

more balanced. To access the battery the user pushes a button that tilts the seat 

forward so the battery can be taken.  

• The batteries can be charged in colder environments without taking damage. It can 

take longer to charge then in warmer temperatures but there is no problem to 

charge them in colder environments as long as the temperatures is not always kept 

at below 20 degrees Celsius.  

• If the bike is not used during the winter, it is good to charge the battery a few 

times to keep the battery cells active.  

• When the bike is purchased the user is recommended to charge the battery during 

24 hours 3-4 times during the first weeks. This will help activate the battery cells 

and make them function properly. All batteries generally nowadays is of lithium 

type.  

• Crescent claims the battery will still have at least 60 percent of its original power 

capacity after 1000 charging circles.  

• Most batteries have a charging time of between 6-8 hours although crescent 

recently released a new type quick charger that can charge the batteries 50 percent 

faster.  

 

Users 

• An average commuter bikes 5-10 km per day and charge their bikes every fourth 

day.  

• The absolute majority of purchasers of electric bikes are people above 30. The 

seller say that he cannot recall that he have had any customers under 30. The 

spread of buyers over 30 is evenly distributed.  

 

Motor placements 

• There is three types of placements of motors on electric bikes: 

• Front wheel mounted: Suited for city use without lots of slopes. Sometimes senior 

people have complained that the bikes with this type of motor twitch a bit on start 

and when changing between gears. This problem have been solved according to 

crescent who have updated their algorithms and places more magnets on the hubs, 

which makes the acceleration smoother.  

• Center mounted. More balanced with a better power transition. This type is more 

durable and are suited for more sport-oriented use like mountain biking and riding 

terrains that are more elevated.  

• Rear mounted: This is the most sport-oriented ones and gives the bike a bit more 

of a thrust. These are most commonly used on mountain bikes in combination 

with frame mounted batteries and gears mounted on the outside of the bike. 
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• Crescent, Monark and Ecoride are all made for Nordic conditions but in the 

beginning when Batavius started selling electric bikes in Sweden they had not 

taken the Nordic winter conditions into consideration, which resulted in that the 

batteries died during the winter.   

 

Other technical details 

• Most electric bikes have between 3-7 gears while bikes with centered or rear motor 

placement commonly have 10 gears. 

• The cord length are almost always around 220 cm in total with the transformer 

included.  

• The charging port can usually be reached without taking away the battery.  

• Electric bikes are not normal bikes with motors. They have reinforced frame, 

wheels and forks. This is because they go faster than normal bikes and are heavier.  

 

4.1.4.4 Phone interview with Reine Lönn 

For charging stations for electric bikes, there are no standards yet. All the stations that 

Reine have seen so far have had regular wall outlets build in to them. Using this technique 

there are no larger electric components that needs to be fitted into them. The size of a 

regular wall connector is no bigger than 5x5 cm, so to charge five bikes the only space 

inside that needs to be dedicated to electric components is the space necessary to fit five 

wall outlets.  

He have not yet seen any charging station where you take the battery itself and place it in 

the station. If charging is done this way, it is necessary to fit the transformer that comes 

with the bike.  

Regarding materials, he recommended to use either steel with some kind of coating or 

aluminum. Both material have good characteristics for building a long lasting durable 

product. Both materials are resistant against vandalism, misuse and weather. Garo uses a 

lot of aluminum these days since it is lighter then steel and do not corrode like steel. It is 

also good from an environmental point of view since it can be melted down and reused 

unlimited times without losing quality. It is a bit more complicated to paint aluminum 

then steel. The process that is used is called chromate.  

When it comes to batteries, Reine says that the absolute majority of all batteries used for 

electric bikes is of lithium ion- type. The benefits with this battery type is that it is lighter 

then other forms of batteries and can be charged when half full without taking damage. 

They can be charged in colder environments without problems. The only downside with 

lower temperatures is that they charge slower. However, lithium ion batteries should not 

be heated since this can cause them damage and in worst cases cause them to explode.  
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When asked about quick charging stations for electric bikes he responded that he have 

not seen anything so far. The reason for this he thinks is that quick charging lithium ion 

batteries requires that the temperature is carefully controlled since amplifying the effect 

can cause heat problems which shortens the lifespan of the batteries as described earlier.  

Regarding laws, he explains that it depends a lot on how you chose to define the product. 

However, for a product of this kind he says that the most important things to keep in 

mind is to make sure that the cables are correctly positioned and that the product is 

properly grounded. 

 

4.1.5 Environment research 

 
Figure 17, Garage 

Since the product is supposed to be placed in the garage in Munksjöstaden, which is a 

newly built living area in Jönköping, a study visit was conducted to see how the design 

could be adapted to the environment. To do this I arranged a meeting with Stefan 

Hoflund, who is working as a project leader at Riksbyggen. He then invited me to come 

to the building and explained how the building was constructed and where the charging 

station might be placed in the future. During the visit, I took pictures and made notes that 

could later be used to make sure that the design of the charging station was fulfilling the 

requirement of being fitted to the garage.  
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4.1.5.1 Market research 

• Bikes charging stations 

 

Figure 18, Bikes charging stations 

By researching what the type of charging stations that exist on the market today, I could 

look for solutions that could be used for new concepts and inspiration. From the 

imagines and information collected there were no charging station on the market today 

that would fit the needs from the companies involved. The stations found where mostly 

made for the purpose of holding one single model of bike and none was found that could 

hold an electric cargo bike.  

• Charging stations for electric cars 

Figure 19, Charging stations for electric cars 
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Apart from charging stations for electrical bikes, charging stations for electric cars was 

also investigated for interesting design features. 

 

• Existing bike racks  

 

Figure 20, Existing bike racks 

When being faced with the task of designing the place for holding the bikes of the 

charging station I researched different types of bike racks both with internet research and 

by finding bike racks in the town of Jönköping and photographing them. This gave me a 

good overview of the most common solutions and the more unique ways of parking 

bikes.  
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• Bad bike racks 

 

Figure 21, Bad bike racks 

The online bike communities was a great resource for finding out what people considers 

bad bike rack designs. Bike racks that do not function the way people expect them to 

seems to be the source for a lot of frustration, and by collecting imagines and creating an 

image board some conclusions of problems that users experienced could be drawn: 

• No place to lock the bike onto its top tube 

• Wheel get bent by the bike rack 

• Bike rack damages the bikes paint by having sharp edges 

• Bikes could not fit without the handlebars being pushed against each other  

• The bike rolls out of the bike rack 

• Bike rack not secured to its environment properly 

• Bike falling  

• Different bike sizes and wheel sizes do not fit. 

 

4.1.5.2 Branding 

Since the branding was to be made towards Cykeloolen, which is a very new company 

that have not yet started their business there was no previous products or branding 

manuals. The material that was available was the newly finished company logotype and a 

number of colors that had been decided to represent the company’s graphical profile and 
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was being used in the development of a homepage and a phone application. The colors 

and logotypes was therefor the main focus of the branding. 

Logo: 

 

Figure 22, Cykelpoolen logo 

Colors: 

 

Figure 23, Cykelpoolen colors 

4.2 Defining 

4.2.1 Product function analysis 

To create a good base from which to base concepts upon, a product function analysis was 

created.  

Function  Rank Notes 

Distribute electricity MF  

Start charging N  

Stop charging N  

Prevent theft D 
of bikes, batteries 

and station 

Indicate usage D 
charging/ not 

charging 

Attract users D  

Allow parking D Of bikes 

 

Table 2, Function analysis 
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4.2.2 Product design specification 

Performance: 

• The product should be intuitive and easy to use 

• The charging station needs to have the ability to hold five electric bikes at the 

same time. 

• The station should be constructed in a way that it can be placed in a parking 

garage.  

• It should be possible to access the transformer in an easy way. 

• The product should be safe to use  

• The product should be able to hold different types of transformers 

• The product should indicate when  a bike is charging or being charged 

• The product should indicate if an error occurs 

Environment 

• Should be scratch resistant 

• Dirt and dust resistant 

• Durable 

Installation and maintenance 

• Easy to install 

• Easy to preform maintains work 

Aesthetics and color 

• Be attractive to users  

• Represent Cykelpoolens colors and values 

• Have surfaces that can hold logotypes 

Safety and security 

• Possibility to secure to the ceiling or floor of a parking garage 

• Avoid sharp edges that can damage the bikes or users 

• Keep electric cables and components safe and away from users if possible 

 

4.2.3 Target groups 

Since the target group is all inhabitants of the area of Munksjöstaden it is impossible to 

get solid information about them. The project leader at Riksbyggen, Stefan Hoflund, as 

well as Tommy Fritz (VD at Tolust) stated that the population that is moving in to the 

apartments are very mixed and there is not much information that he can reveal about 

them. Everything from age, gender, profession to income would vary a lot.  



Approach and Implementation 

39 

 

 

4.2.4 Personas 

To represent the target group intended for the charging station four fictional personas 

were created. Since there are no charging stations of the kind that the thesis is about, and 

the people that are intended to use it have not moved into the apartment buildings yet, 

the best solution was to create fictional users that have trades that seems realistic to find 

within the target group.  

Gösta 

Age: 77 

Profession: Retired 

Hobbies: Visiting his grandchildren, Spending time at 

the library and fishing. 

Description: Gösta is a happy energetic man who is 

enjoying his time doing things that makes him happy 

and not having to worry about work anymore. He enjoys 

spending time outside, walking through the city parks 

and sitting down over a cup of coffee with his friends. 

He also likes visiting his grandchildren whom he often takes out fishing. Gösta have spent 

most of his adult life working as a carpenter and have thereby gotten exercise and 

therefor have a relatively healthy body for his age. He is happy by this fact and says that 

his only complaints is the stiffness that comes with the age and a back pain that 

sometimes bothers him. His memory have also started to become a little bit less 

trustworthy on older days and because of this he is not a big fan of new technology since 

he thinks it’s often complicated to use.  

 

Cornelia 

Age: 24 

Profession: Student 

Hobbies: Going to the gym, skiing, traveling 

Description: 

Cornelia lives with her mother, father and younger brother 

and are currently studying at university to become a 

construction engineer. Her hobbies are mostly sport related 

but she also enjoys traveling and spending time with her 

friends.   

Figure 24, Gösta persona 1 

 

Figure 25, Cornelia persona 2 
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Anders 

Age: 38 

Profession: IT- consultant 

Hobbies: Videogames, Hunting, golfing. 

Description: 

Anders lives alone and works as an IT-consultant at a local 

company. He like spending time in nature and have a big 

interest in new technology and videogames. He is aware that 

his interest in video gaming and his job makes him spend a lot 

of time sitting still and tries to balance this by biking to his 

workplace and by golfing and hunting in the weekends.  

 

Eva 

Age 48 

Profession: Factory worker 

Hobbies: Music, going to the cinema, spending time with her 

family. 

Description: 

Eva is a mother of two teenage children with whom she likes 

to spend as much time with as possible. She often takes her 

children out on trips to different attractions and evens and 

tries to incorporate her interest in movies by taking them at least once a week to the 

cinema. Her work at the assembly line at a food factory is not something she enjoys and 

she have plans on changing her job since she feels that it starts to have a negative effect at 

her body by giving her pain in her shoulders and feet.  

 

Conclusions 

By empathizing with the personas created, I came to the conclusion that an important 

aspect of the design needed to be to create a charging station where unnecessary 

challenging movements needed to be avoided such as reaching towards the floor or in 

other ways imposing bad posture on the user. Another discovery was the need for 

creating something that is simple and safe to use without having to have a deeper 

technical knowledge.  

 

Figure 26, Anders persona 3 

 

Figure 27, Eva persona 4 
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4.2.5 Ergonomics 

Following the ergonomic principals and by applying them into the product that was going 

to be designed it is necessary to take into consideration: 

• Height of the station: The stations height needed to be set to a height that makes it 

possible for both short and tall persons to use it, but also to be made high enough 

to fit the larger bikes without having the handle bar being scratched against it. 

• Avoid bad postures of the user: Be designed in a way that is adapted so that people 

with back problems or similar issues don’t have to reach or force their movements 

• Good visibility of the station: The logotypes and graphic elements needs to be 

clearly visible even from a distance.  

• Good cognitive ergonomics (feedback, LED with status): The feedback from the 

charging indicator needs to be understandable and uncomplicated.  
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4.3 Ideating 

4.3.1 First sketches 

Figure 28, First sketches 1 

Figure 29, First sketches 2 
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At the beginning of the ideation phase, I created a large number of quick sketches to 

explore different forms and functions. From these sketches, some were selected for 

further exploration. The sketches also helped getting rid of bad ideas that repeatedly came 

to mind. These sketches was made in grayscale without any color to give a fair base for 

selection. By giving the sketches some different values of grey some information about 

the shape was established without spending too much time. For more sketches see 

attachment 2. 

 

4.3.2 Three concepts 

After the initial brainstorming phase where a large number of ideas were created, three 

main concepts were refined that contained some distinct core ideas. These ideas was 

given more time but where still made without applying color to not make color 

preferences an issue for the involved parties instead of evaluating the ideas and features of 

the concepts.  

 

4.3.2.1 Concept 1 

 

Figure 30, Concept 1 
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This idea represents a charging pole that also works as a bike rack. The bikes front wheel 

is fitted between the two vertical metal sheet parts making it easy to close the distance 

between the charging cord and the bikes battery. The sheet metal part with a hole located 

just above the wheel in the picture is used to attach a bicycle lock into and thereby secure 

the bike to the charging pole. The part can also be fitted with a text that tells the user 

where to put the lock.  

The upper part of the charging pole holds the transformer and contains a pullout cord 

that connects to the battery of the bike. By having a cord that is retractable, the risk of 

damaging it is decreased. Without this feature, the cord can end up in the ground where it 

can be stepped upon or get stuck into the bikes wheel by mistake. 

The front of the upper part have a slightly tilted surface with the number of the bike. This 

surface also contains a battery indicator lamp that informs the user of the status of the 

charging process. 

To charge an electric cargo bike the bikes back wheel is places into the bike rack instead 

of the front wheel as for the regular electric bike. Except for this difference, the process 

looks the same for the different bike types, and both bikes are secured by locking up the 

frame of the bike. The charging pole itself is secured into the ground by coarse bolts. 

The benefit with this type of charging station is its versatility since it is easy to fit them 

into any parking area and expand the amount of charging poles needed depending of the 

number of bikes.  

4.3.2.2 Concept 2 

 

Figure 31, Concept 2 
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This concept shows a similar way of storing the transformer and have the same type of 

tilted surface for the bicycle number and the charging indicator lamp. The purpose of the 

angle of the surface is to make it extra visible to people approaching the charging station.  

The cord in this concept is a spiral cord that solves the problem of the cord ending up on 

the ground or stuck in the wheel as described in concept 1. The spiral cord have the 

advantage over the mechanical, retractable cord of the previous concept, that the 

construction becomes simpler. This charging station can hold five bikes where each 

charging section can be moved by sliding them horizontally along the tubes forming the 

rack. This makes it possible to both fit electric cargo bikes and regular electric bikes even 

though the ratio between them changes.  

A large locking eyelet in steel is used to secure the bike by its frame with a bicycle lock. 

The side of the box contain the Cykelpoolens logotype. The inside of the box is accessed 

by a hatch on the back of the box, equipped with a lock. 

The station itself is secured to the ground by holes in the concrete into where the steel 

tubes of the rack is placed and then cast with concrete. 

 

4.3.2.3 Concept 3 

 

Figure 32, Concept 3 
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The core idea of the third concept is to have the station secured into the ceiling instead of 

the ground as in the previous concepts. The bikes are parked under the charging station 

where the cord hangs down without touching the ground. Instead of building in a bike 

rack into the station the idea is to use a separate bike rack or using the bikes kickstand.  

The electricity are drawn through the ceiling here and reaches the station by the tube in 

the top right part.  

The round boxes holds the transformers, which are accessed from the back by a hatch. 

The front surface of the boxes holds a circular LED- light that indicates the charging 

status of the bikes. 

 

4.3.3 Concept evaluation 

The concepts was presented to both Energikontoret and Cykelpoolen. Both parties 

wanted me to proceed developing concept 2. The reason for choosing this concept was 

that they liked the flexibility of being able to change the space for each bike by sliding the 

units separately. They also felt that the bike rack would bring more order when people 

parked the bikes. The benefit of being able to safely secure the bike to the station was also 

brought up and concept 2 was the best alternative.  

 

4.3.4 Refining 

To better test different features and shapes, I modelled up the concept in SolidWorks. 

The concept was then refined and some features was redesigned when problems or better 

solutions was discovered. The modifications were mainly focused on: 

• Improving the bike rack  

• Taking into consideration different dimensions of wheels 

• Taking into account ergonomics when designing the different dimensions of the 

bike rack 

• Adapting the box for the transformer. 

• Taking into account security issues in order to adapt towards the insurance 

company’s requirements. 

• Adapting the design to the brand, including colors and graphics. 

 

See attachment 8.2 to see the CAD- modelling development that was made to find 

different solutions and improvements. 
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4.3.5 Meeting with potential manufacturer 

To ensure that the product was possible to manufacture in practice I visited the company 

Garo at their factory in Gnosjö, where they manufacturer charging stations for electric 

cars among other things. There I meet with Magnus Suksee, quality- and sustainability 

manager and Claes Johansson, Design Manager. I showed them the concept and 

explained the functions, dimensions and materials that I had chosen. They suggested 

different manufacturing methods that could be used and gave advice for what material 

thicknesses that could be suitable for the charging station. 

They also recommended talking to the company Prototal in Jönköping who is specializes 

in prototyping and manufacturing small product series. Their opinion was that the 

product could be manufactured and they did not see any problems of doing it but advised 

to let Prototal make a prototype to test it out to be completely sure. 

The advise I was given was: 

• A thickness of 5mm is enough for the bike rack. 

• 3 mm is enough for the box 

• Suggested methods of manufacturing where chill casting or sheet metal pressing 

 

4.3.6 Concept verification 

After implementing some of the new changes into the concept a collage of images of the 

CAD-model was presented to Energikontoret and to Erik Abrahamson. After getting 

confirmation that the concept was what they wanted and that no new changes was 

wanted, I could proceed. 

 

4.3.7 Concept color variations  

In order to choose what colors to use for the charging station 10 different color variations 

were created in KeyShot. The colors used were based on the colors that cykelpoolen was 

giving me as part of their graphical profile. These concepts was then showed to Erik 

Abrahamsson and two other employees at Grand Public Communication. They all agreed 

that they thought that the all green version was the best one, and they wanted me to 

continue with this one. 

I then created a new render of the charging station with the colors that they wanted. This 

render along with the color concepts shown to Erik was then presented to Therese 

Silvander at Energikontoret. She also verified the colors was good and that I could 

proceed.   
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Figure 33, Colors variation 1 

 
Figure 34, Colors variation 2 
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4.4 Prototyping 

The last step of this thesis was the prototyping phase. The physical model created was 

build in scale 1:1 and was created out of a variety of materials such as, foam, steel, electric 

components and MDF- board. 

To explain the prototyping process I have divided it into three phases. Each phase 

describes the method used and the parts that was created under each method 

4.4.1 Milled pieces 

Box for transformer: 

The box was created by first planning how to build it and deciding what methods and 

steps that was going to be used. This was done by creating a simple paper sketch with 

measurements. 

 
Figure 35, Milled pieces schema 
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Figure 36, Milled pieces 

The next step was to convert the previous CAD-model into different parts and layers that 

was fitted for milling and for 3D printing. Some parts was modified so that they could be 

fitted into other parts and thereby become easier and stronger when assembled. 

The box was divided into five separate pieces that were then CNC milled in the workshop 

at the University. When the pieces was milled, a hole for the spiral cable and a hole for 

the battery indicator was made. The last mentioned hole was made all the way through the 

front piece to fit the cables of the indicator. A path for the cables was also made inside 

the middle piece (seen in the top left corner of figure 36). Another hole was then made in 

the bottom piece to complete the path for the cables.  

The pieces was then fitted together by using nails and wooden glue. The next step was the 

surface finishing that can be seen in chapter 4.4.3 Surface finishing. 

 

Bikerack: 

The bike rack was made by dividing it into five different pieces where four of them then 

was then milled and the fifth one 3D printed. 

The pieces was assembled by using nails and glue. This was done by drilling thin holes 

into the contact surfaces and placing the nails inside the holes and using them in the same 

way as wooden plugs normally is used. 

Two holes was also made to fit the M8 screws that are used to attach the bike rack onto 

the square tubes.  

The next step was the surface finishing. (See chapter 4.4.3.) 
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Figure 37, Milled bike rack 

4.4.2 3D printed pieces 

The pieces that was 3D printed was the locking eyelet, weld hinge, the lock, one piece for 

the bike rack and the part securing the box onto the 50x50mm square tube. 

 

Figure 38, 3D printed pieces 
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4.4.3 Surface finishing 

 
Figure 39, Pieces with filler 

In the pictures above the pieces can be seen applied with filler. The second picture shows 

the pieces drying after being applied with a layer of sprayfiller  

 

4.4.4 Other elements 

Spiral cord 

The spiral cord was made out of a 6mm cable containing a copper wire. The copper made 

it possible to shape the cable into a spiral because of the coppers formable nature. By 

twisting the cord around a metal rod and then heating it with a heatgun the plastic was 

also adapted to the new shape. After this, the cord was fitted with a 3.5 mm connector at 

the end.  

 

Charging indicator 

This part was made by soldering together a green diode, a resistor and two cables that was 

then fitted inside the box. The cables was drawn though the box and down into the 

50x50mm square tube where it was connected with a 9v battery as a power source.   

 

Square tubes 

This parts are made from real steel square tubes that was cut into the right size. 
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5 Result 
This chapter will present the final result of this thesis. Here will the different features and 

design choices be explained.  

5.1 Final design 

 

Figure 40, Final design 

The final result is a charging station with a modular design that makes it possible to adjust 

the space between the bikes and add additional bike racks if needed. Both regular 

electrical bikes and electric cargo bikes can be used. It is equipped with sturdy locking 

eyelets to secure the bike to the station in a safe way without having to bend down or 

reach into awkward positions.  

The bikes can easily be parked steadily into the bike racks with enough space to avoid 

pressing against other bikes and without the risk of falling down or rolling out of position.  

A charging indicator on the front of the charging station will give the user the 

information needed about the status of the charging process.  
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5.2 Features  

 

 

Figure 41, Different parts of the charging station 

5.2.1 Locking eyelet 

This part is made for inserting a bike lock and to secure the bike into the charging station.  

The construction is made in solid steel not only to make it difficult to cut through for a 

thief, but also to give the impression that there is no use of trying to break through it. The 

idea is to make it occur more easy to break the bicycle lock instead of the charging station 

in the case that the thief is fully set on proceeding with the crime. It is more preferable to 

only have one bike stolen instead of having one bike stolen and the station damaged as 

well. 
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Figure 42, Locking eyelet 

5.2.2 Indicator for charging status 

 

 

 

 

 

 

 

 

 

Figure 43, Indicator for charging status 

A lamp that indicates the charging status can be found on the front surface of the box. 

When no bike is parked for charging, the light is green to indicate that it’s ready to be 

connected. When a bike is connected, a yellow light appears to indicate that the battery is 

charging, and a steady green light is shown when the battery is fully charged. If an error 

would occur, the light turns red. 
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5.2.3 Bicycle rack 

5.2.3.1 For regular electric bicycles 

 
Figure 44, Bike rack back 

 
Figure 45, Bike rack front 

 

The bicycle rack is constructed out of two sheet metal parts that are welded together. The 

L shaped part that contains the lower holes for the M8 screws and the upper part that 

holds the wheel. The rack is mounted into place on the two lower horizontal tubes of the 

stations frame and secured into place with two M8 bolts. 

The purpose of the small ramp is to make it easier to roll the bike into place and the two 

horizontal tubes of the frame acts like a holder that prevents the wheel from rolling out of 

place. The wheel is hold into place by always having contact with three areas of the bike 
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rack. This also makes it less lightly that the wheel bends if someone stumbles upon the 

bike or push it.  

The bike rack is made to fit all normal types of tire diameters and thicknesses up to a 

thickness of 62mm.    

 

5.2.3.2 For electric cargo bikes 

 
Figure 46, Cargo bike charging 

The bike rack for cargo bikes consist out of two separate parts that can be adjusted 

depending on the widths between the wheels of the cargo bike. The rack is constructed 

the same way as the regular bike rack with the different that it only contains one screw to 

fasten it to the stations frame, and does not have the upper part that holds the wheel since 

this would prevent the front of the cargo bike to be parked.   
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5.2.4 Spiral cord 

 
Figure 47, Spiral cord 

The spiral cord prevents the cord from ending up on the ground where it can be stepped 

on and in other ways damaged. It is also better from an ergonomic point of view since the 

user don’t have to lean forward to pick it up. The placement is chosen in such a way that 

it make it easy for a new user to directly find it. 

  

5.2.5 Lockable hatch 

 
Figure 48, Lockable hatch 
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The hatch is attached with weld hinges that prevents them from being disassembled or 

removed. The hatch itself have a “lip” on the surface facing the inside of the box that is 

created to prevent the use of screwdrivers and similar tools to be inserted and breaking 

into the box. 

The hatch is also equipped with a lock to prevent unauthorized access. This is necessary 

since the box is mounted with bolts from the inside of the box and it should not be 

possible to remove the box from the outside.  

 

5.2.6 Transformer tray 

A plastic tray can be found inside the box which can be pulled out. This is where the 

transformer is placed. The tray is necessary to provide a flat surface since the transformer 

otherwise have to be placed on top of the part mounting the box into the upper tube of 

the stations frame. 

 

Figure 49, Transformer tray 

5.2.7 Power cables 

These cables runs inside the tubes of the stations frame and connects to each box 

through holes in the tube and in the box. This way the cables stays hidden and safe. 
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5.2.8 Square profile tubes 

The square profile was chosen in order to hold the box into place without having the 

need to make extra holes in the tubes to prevent it from tilting forward or backward. 

 

5.3 Technical specifications  

5.3.1 Material and manufacturing 

Galvanized steel was chosen for the square profiles because of the materials strength and 

resistance towards scratches and wear, and by recommendation from Safe roads and 

Garo.  

The box, the part securing the box to the square profile, and the bike rack are all made 

out of steel sheet to make it easier to manufacture and because of the strength of the 

material. The manufacturing method for this part is made by pressing the metal sheet with 

a hydraulic press equipped with a tool shaped as the box.  

The square tube profiles are welded to improve the strength and safety. The square tubes 

are manufactured by extrusion and bended the get the round corners.  

5.3.2 Dimensions 

The thickness of the box is 3 mm and the hatch is set to 4 mm. This thickness makes the 

box very difficult to break into and resistant towards vandalism. 

The dimensions of the box have been based upon the dimensions of different 

transformers. See attachment 4 transformers, for more information. 

The bike rack and the part securing the box to the square profile is made out of 5 mm 

thick sheet metal. 

The top tube of the stations frame is made of 50x50mm square profiles. The lower square 

profile have a dimension of 40x40mm. 

The total length of the charging station is 4250 mm, the height from the ground is 

1460.82 mm and the width is 577 mm. The reason why these dimensions have been 

chosen is explained in chapter 5.5 Ergonomics. 

 

5.4 Aesthetics  

5.4.1 Colors 

The colors that was used is picked from Cykelpoolens graphical profile. The company 

chose the final colors from different color variations that I made. They decided that the 
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darker green was the color they preferred in contrast with the white of logotype and of 

the numbers in the front.   

5.4.2 Logotypes 

It was necessary to show the company’s logotype in a way that was visible from a 

distance. Therefor the logotype was placed along the side of the box to be able to make it 

as large as possible without having to place it on any curved surface. The white gives clear 

contrast against the darker green which helps the letters and the numbers to be more 

visible and easy to read. 

5.4.3 Shape 

It was chosen with rounder shapes that keeps the user from injuring him- or herself when 

using it, which also gives the user a feeling of safety. Too rounded shapes have been 

avoided to keep it from looking childish. The deboss of the front is made to hold the 

number for each unit and helps protect it from scratches and dirt. 

The front of the box that holds the number is tilted so the surface is perpendicular to the 

users line of sight when standing close to the station to easier be able to read and 

recognize the number of the bike. 

The surface below the number surface that contains the spiral cord is also tilted but in the 

opposite direction. The purpose of this is to protect the cord and to not bend it too much 

since this can damage it. The surface also serves the purpose of making the cord easier to 

see then if the cord would exit a surface parallel to the ground.  
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5.5 Physical model 

 

Figure 50, Physical model 

 

 

Figure 51, Physical model 
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6 Conclusion and discussion 
This section contains the conclusion and discussion for this thesis. 

6.1 Design process 

The design process that I used as base for the thesis was a combination of Bootleg 

Bootcamp and Double diamond. The processes in these methodologies are described 

similar but divide the phases a bit different. Double diamond describes the process as 

going from wide to narrow and put empathize into these turning points where Bootleg 

bootcamp is showing a more straightforward path but where each phase can iterate. 

I chose to mainly follow Bootleg Bootcamp since I thought it have worked well in 

previous similar projects but made some changes in the process. In the methodology, the 

authors chose to put methods such as sketching under the prototyping phase, which I 

prefer to put under ideating instead. I feel that this makes more sense since sketching is 

the way that I come up with ideas and many times I do not know what is about to be 

drawn until it’s done.  

6.1.1 The design brief 

Since the project was quite loosely defined in the beginning and there was no clear 

direction to work towards it had both advantages and disadvantages. The advantages was 

that I was given a lot of creative freedom and go in the direction I felt best. The negative 

part was that it takes a lot of time to develop something that does not yet exist on the 

market especially without any company keywords or other products developed by the 

organization itself. Too much freedom can make the project too wide and undefined. 

 

6.1.2 Planning 

The Gantt-schedule was followed as planned until the prototyping phase was reached. 

The final CAD that I had planned to finish within a timeframe of 8 days took a lot longer 

than expected since there was a lot of technical issues that needed to be solved and was 

harder than expected. There was a lot of iteration that took place with the bike rack to 

make it easier to produce and to make it fit a wide variety of bikes since I knew that the 

charging station might be interesting to more companies than Cykelpoolen in the future, 

which Therese mentioned. Therefore, even though the design brief said that it was going 

to be made to fit some specified bikes I wanted to make it more universal. 

Another step that consumed more time than planned was the model building.  
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6.1.3 Empathazing 

Much of the research was done by having meetings, interviewing and calling people. This 

method worked well and I learned a lot especially from the interviews. Visiting the bike 

store gave a lot of information that was hard to gather in other ways. I visited Sportson 

three times and the employees where very friendly and let me measure and examine the 

things I wanted and answered any question that they could when I asked them. Since it 

was more or less impossible to investigate the target group, I decided that the best way 

was to create personas and try to empathize with the fictional people created. This added 

to the ideas of what needed to be taken into consideration when I comes to the 

ergonomic perspective.  

The image boards made to analyze what colors that can be associated with clean energy 

and dirty energy was made before I got to know that Cykelpoolen was the company 

whose branding was going to be used and was therefore not that used. I got to know that 

information quite a bit in to the project which changed a lot of things, but them wanting 

to use green and white, which was 2 out of 3 colors from the clean energy image board 

was good since it did not interfere with my research. 

 

6.1.4 Defining 

The Function Analysis that I created did not add much to the progress of the project but 

the PDS turned out to be useful since it helped to bring structure to the ideas and 

requirements. In the beginning I planned to create an evaluation matrix for the different 

ideas but I chose not to since it was clear which ideas that would work better. To create 

the matrix would therefore not be a good investment of time. 

 

6.1.5 Ideating 

Sketching was the main method used to create ideas, and something that I learned from 

this project is how much more effective the process becomes by showing the people 

around you the ideas and discussing them. I made sketches both in paper and digitally to 

improve my skills, and to work thought the details of the product. 

 

6.1.6 Prototyping 

As I mentioned earlier the prototyping phase took a lot longer time than planned. The 

CAD modelling was a process that consumed a lot of time for many reasons but there 

were two main reasons. First, it was the never-ending ideas for new improvements that 

popped up. By modifying one part, it often effected other parts whose dimension then 
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also needed to be modified. The second reason was solving technical issues such as what 

type of hinge to use for the hatch to make it theft- and vandalism proof. 

Building the physical model was also a step where I underestimated the time it would 

take. The main reason for this was the tolerances of the milling machine. The parts that I 

made was sometimes more than 3 mm off which sounds little but have great effect on 

pieces that only have a thickness if 5 mm and needs to be put together and look as one. 

This caused me first having to recalibrate the milling machine and trying to change parts 

of the milling table and then redo the pieces. This helped slightly but the tolerances was 

still off by 2 mm at some places which forced me to spend a lot of time sanding and 

trying to even out the pieces with filler. 

For the renders that was made I used Keyshot for the color variations and Vred for the 

final result. The reason was that I find Keyshot significantly faster and easier to use, but 

the quality is better and more realistic in Vred. 

 

6.2 Achieved result 

My research questions was “How can a charging station for electric bikes be designed to 

charge multiple bikes at the same time?” I would say that the result is answering the 

question by being able to charge two electric cargo bikes and three regular electric bikes at 

the same time. My contact person at Energikontoret set as a guide that it should be able 

to charge five bikes. This was to make the scope of the project a bit narrower since it 

already was quite wide, but the quantity did not have any other specific reason. This is the 

reason why it was not set as a delimitation and she told me to be open to concepts that 

could be modular.  

My second research question was “In what way can the design attract people to use 

electric bikes in greater extent?” I would say that by making the charging station easy and 

safe to use, and also making it attractive in an aesthetic way it will make people want to 

use it. The interest in electric bikes are growing fast and many people want to use it but 

feel that it is too expensive and that is troublesome having to remove the battery and 

taking it into the office or apartment when it needs to be charged. This is why I believe 

that this charging station, especially in combination with the service that Cykelpoolen 

wants to offer, will attract people.  

 

6.3 Future improvements 

During the design process, there were countless ideas for improvements that came up and 

were implemented. However, because of the limited time frame there came a time when I 

had to stop and focus on finish the thesis instead of continuing to add or redesigning 

parts. Some of the ideas is worth mentioning since they can be of value for future 

improvements of the charging station.  
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• Improved ramp on the bike rack: If I would have time I would let the small 

ramp that is present in the bike racks continue down on the other side of 

the lower square tube. This would make it easier to roll the bikes out of the 

bike racks. This could be extra helpful for the cargo bike users since they 

are heavier than the other bikes. I think this could be achieved quite easy 

and would be worth the effort. 

 

• Improved charging indicator: The charging indicator was made using the 

same type of simple indication system that is widely used for other type of 

electric equipment such as battery chargers, cellphones, shavers and 

cameras. This was done since I was told in the beginning of the thesis to 

avoid using a lot of lights. Even though more or less every person have 

encountered this type of indicators, I think that it can be improved to be 

easier to understand. One way of doing this could be the make the light 

into the shape of a battery where it clearly could be shown how much of 

the battery is charged. Another way could be to work more with graphics 

and having some kind of figure or sticker that explains in what stage the 

charging process is in.  

 

6.4 Communication 

The communication with my contact person, Therese Silvander at Energikontoret worked 

very well and it was no problem booking in meetings with her when I needed advise or 

show my progress. I was given a very large amount of contacts from the beginning that 

could give me advise or was involved in projects of interest and was given new ones 

practically every meeting. I was not able to reach or meet with all of them but it was good 

to know that they existed when I were stuck or needed help in specific issues where 

information could not be found. Some of the meetings that I had with the contacts did 

not give any information that was relevant to this thesis so these were not included in the 

report.  

 

6.5 General conclusion 

The goals with this thesis have been meet and I feel content with the result. It was a great 

experience to work together with Energikontoret and Cykelpoolen and I am very happy 

with the subject since I have always been interested in working with things that have a 

positive environmental impact. I hope that the work that I have done with the charging 

station will come to use and that all parties involved are happy with my work. 

The project have been stressful and somewhat chaotic at times due to the tight timeframe 

and because of underestimating how much time certain steps would take. The things that 

I would have done different if I would redo the project would be to be more consistent 

with the report writing. According to my Gantt-schedule the report should be written 
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continuously every day. This was not the case since I thought it was more important with 

the result then writing on the report and towards the end felt that there was not enough 

time to write. During the project, I used a sketchbook where I wrote down everything 

related with the project and also used as a logbook and sketchbook. This was a great help 

since dates, meetings and questions was always carried with me and could be used at 

meetings and when I needed to explain to Therese what had been told by other contacts. 

However, by relying on this instead of writing everything in the report straight away just 

made it harder for myself since I could have written everything in digital form instead and 

finished with the report faster.  
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8.1 Gantt chart 

 

Figure 52, Gantt chart 
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8.2 Sketches 

 

Figure 53, Sketches 1 
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Figure 54, Sketches 2 
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Figure 55, Sketches 3 
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Figure 56, Sketches 4 
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Figure 57, Sketches 5 



Attachments 

77 

 

  

Figure 58, Sketches 6 
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Figure 59, Sketches 7 
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8.3 CAD-development 

 

Figure 60, CAD 1 
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Figure 61, CAD 2 
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Figure 62, CAD 3 
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Figure 63, CAD 4 
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8.4 Transformer 

From visiting Sportson 27/3 

Table 3, Transformers 

 

 

Figure 64, Transformers 

 

Brand 
Dimensions + 

extra space needed 
Length of cords 

Total length of 
cord + tranformer 

Eco Ride 181x75x50mm 1+1m 2.2m 

Crescent 181x75x50mm 1+1m 2.2m 

Shimano Nexus 7.7 250x100x50mm 1+1m 2.2m 

Bosch, Scott E-sub 213x45x75mm 1+1m 2.2m 


