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Sammanfattning
Den nuvarande oron för global uppvärmning ökar kraven på el-fordon (Ouchi, Bando, Kodani, 
Hirata & Mubin, 2012). Med de ökande kraven har nu de elektriska båtarna kommit i fokus (Sier-
zchula, 2014). Det har emellertid ännu inte utvecklats standarder för laddning av elektriska båtar. 
Det är här det här master projektet kommer in, då detta projekt ingår i E-Sea Power-projektet, som 
är ett projekt för att utveckla en ny och säker standard för laddning av elektriska båtar. Projektet 
slutfördes på företaget No Picnic i Stockholm, genom mitt examensarbete, vid utbildningen civil-
ingenjörsutbildningen i teknisk design, undervisad vid Luleå tekniska universitet.

Målet med projektet var att skapa en grund för att underlätta standardiseringen av laddare för båtar, 
med möjlighet till fullskaliga tester. Där det slutliga målet med projektet var att utveckla både en 
normalladdare standard och en snabbladdare som ska monteras i en hamn och kunna utnyttja ham-
nens egna elnät. I det här sammanhanget är en normalladdare en långsammare laddare som laddar 
med användarens egen kabel och en snabbladdare är en snabb laddare som har en egen inbyggd 
kabel med ett handtag.

Projektet var uppdelat i behov, design och funktion för att göra det strukturerat och lätt att följa. 
Det gick även igenom designfaserna Immersion, Ideation och Implementation. Hela projektet bör-
jade med analyseradet av det nuvarande tillståndet och fortsatte sedan med diverse brainstorming 
och utvärderingstekniker och slutade sedan med byggandet av slutliga CAD-prototyper, både av 
en normalladdare och en snabbladdare, med hjälp av programmen Solidworks, Keyshot, Photoshop 
och Maxwell. Projektets fokus har varit att hitta kreativa och ergonomiska nya lösningar med bra 
användarupplevelse och tillgänglighet.

Det slutliga resultatet av projektet är två modulära nya laddare, som tillhör samma produktfamilj. 
Både en snabbladdare, som har haft huvudfokus och en normalladdare, som också har utvecklats.

Snabbladdaren är en hög laddningsstolpe som har en inbyggd lampa som består av fyra lysrörslam-
por och en utvändigt hängande laddningssladd monterad på toppen. Laddaren har två komponent-
hus ett som rymmer CCS laddarens hona och informationsetikett och ett som rymmer skärmen, 
IR sensorn och nödstoppet. Huvudfunktionen hos den slutliga snabbladdaren är dess laddarm som 
böjer sig ned med ett dolt gångjärn, vilket möjliggör den totala räckvidden på 5 meter, samtidigt 
som den hjälper till att lyfta laddkabeln åt användaren och ger bästa möjliga ljus där användaren är.

Den vanliga laddaren är också en laddstolpe med samma typ av hus som snabbladdaren. Laddstolpen 
är dock mycket kortare och den har bara ett hus, som rymmer två Type 2-honor i stället för en 
CCS-hona. Normalladdaren har också en annan lampa än snabbladdaren som består av små lysdio-
der, så att användaren inte störs av ljusstyrkan vid dess lägre placering, men fortfarande får tillräckligt 
med ljus vid användning, där det omgivande ljuset är bristande.

NYCKELORD: Civilingenjör Teknisk Design, Produktdesign, Elbåtar, Laddning, Snabbladdare, 
Normalladdare, Behovsidentifiering,  Användarupplevelse, Ergonomi, Kreativitet

Abstract 
The current concerns about global warming are increasing the demands for electric vehicles (Ou-
chi, Bando, Kodani, Hirata & Mubin, 2012). With the increasing demands, electric boats have now 
come into focus (Sierzchula, 2014). However, there is yet to be developed standards for charging of 
electric boats. This is where this thesis project comes in, as this thesis is a part of the E-Sea Power 
project, which is a project to develop a new and safe standard for charging of electric boats. The 
thesis project was completed at the company No Picnic in Stockholm, through the work of my 
final master degree course, in the education of Industrial Design Engineering, taught at Luleå Uni-
versity of Technology.

The objective of the thesis project was to provide a basis for the facilitation of the standardization 
of chargers for boats, with the possibility of full-scale tests.  Where the final aim of the project was 
to develop both a normal charger standard and a quick charger that is to be mounted in a harbor, 
being able to utilize the harbor’s own electricity grid. Where in this context, a normal charger is 
a slower charger that charges with the users own cord and where a quick charger is a fast charger 
which has a built-in charger cord and handle. 

The project was divided into need, design, and function to make it structured and easy to follow, 
going through the design phases Immersion, Ideation, and Implementation. Throughout the project 
the current state was firsts analyzed, going on to several brainstorming and evaluation techniques 
and then ending with the building of final CAD prototypes, of both a normal charger and a quick 
charger, through the use of the software Solidworks, Keyshot, Photoshop and Maxwell. The projects 
focus has been on finding creative and ergonomic new solutions, with good user experience and 
accessibility.

The final result of the project is two modular new chargers, with belonging to the same product 
family. Both a quick charger, which has had the thesis main focus and a normal charger, which has 
also been developed. 

The quick charger is a tall charging post that has a built-in lamp consisting of four fluorescent lamps 
and a, on the outside hanging, charging cord mounted at the top. The charger has two component 
houses which house necessary components. One that houses the CCS charger female and infor-
mation label and one that houses the screen, IR sensor and emergency stop. The main feature of 
the final quick charger is its charging arm, which bends down with a hidden hinge, enabling the 
required total reach of 5 meters, while helping lift the charging cord for the user and giving the 
best possible light were the user is. 

The normal charger is also a charging post with the same type of house as the quick charger. How-
ever the charger post is much shorter and it has only one house, which houses two Type 2 females 
instead of one CCS female. The normal charger also has a different lamp consisting of small LEDs, 
so that the user is not disturbed by its brightness at its lower hight, but still gaining enough light 
during use, where the surrounding light is lacking.

KEYWORDS: Industrial Design Engineering, Product Design, Electric Boats, Charging, Quick 
Charger, Normal Charger, Needfinding, User Experience, Ergonomic, Creativity
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1. Introduction
The current concerns about global 
warming are increasing the demands 
for electric vehicles (Ouchi, Bando, 
Kodani, Hirata & Mubin, 2012). They 
are increasing now because electric 
vehicles have a much lower environ-
mental impact than its non-electric 
counterpart (Sierzchula, 2014).  With 
the added focus, and electric vehi-
cles on land already starting to estab-
lish, boats have now come into focus 
(Sierzchula, 2014). However, there is 
yet to be developed a standard for 
charging of electric boats. Both a 
standard for a normal charger and a 
quick charger is needed.

The need for boat charging standards 
is what started this thesis project, con-
ducted in the fall of 2017. This is the 
final report of the project completed 
over a period of five months. With 
the thesis project being the last part 
of a program in Industrial Design 
Engineering, with a master degree in 
Product Design at Luleå University 
of Technology, Sweden. The project 
was formulated and agreed upon by 
No Picnic and the thesis student. The 
thesis project ranges from as early as 
an immersion into the project to the 
implementation of the final concept, 
with the aim of the project being 
new standard chargers for electric 
boats, both a normal charger and a 
quick charger. 

1.1 BACKGROUND
This thesis is a part of the E-Sea Power Project. The E-Sea Power project is a project to develop 
a new and safe standard for charging of electric boats. In order to achieve Swedish and European 
environmental goals and legislation on a sustainable society with emission-free transport and wa-
terways.  The goal of the project is to build and operate a well-developed infrastructure of charging 
stations in Sweden, Europe and around the globe.  It should be an infrastructure with a range of 
adhering products and services that make this a simple and attractive solution for both private boats 
and professional traffic. The project is financed by  Vinnova and coordinated by No Picnic (Infor-
mation from project documentation).

Vinnova is a government agency under the Ministry of Industry and National Contact Agency for 
the EU Program in Research and Innovation. They are also the governments expert authority in 
the area of political   innovation. With just over 200 employees and offices in Stockholm and Brussels 
(Vinnova, n.d.).

No Picnic is a Scandinavian Design Innovation Agency that works with some of the world’s most 
ambitious and inspiring global brands. Creating world-class design with a wholehearted approach 
that shapes everything they do (No Picnic, n.d.).

In the E-Sea Power project, a quick charger concept for cars has already been designed by No 
Picnic. Now the design of a quick charger for boats and a new normal charger standard is the next 
step. Taking inspiration from the car charging solutions, as there currently are no standards for quick 
chargers or normal chargers for electric boats available. 

1.2 STAKEHOLDERS
The project has both internal stakeholders and external stakeholders. The internal stakeholders are 
those that have a direct interest in the project, while the external stakeholders are those who are 
affected by the outcome of the project (Olander, 2006).

1.2.1 Internal Stakeholders
The internal stakeholders (the participants) are:

• No Picnic
• Vinnova
• Luleå University of Technology

No Picnic is the company that has most use of the project since they are the ones that are in charge 
of the project. Vinnova is the company that finances the E-Sea Power project. Luleå University of 
Technology has use of the project in the sense that its results reflect the level of knowledge/skill 
the thesis student has obtained from the education in Industrial Design Engineering held at the 
university.

1.2.2 External Stakeholders
The external stakeholders are:

• Industry (Competitors & Suppliers)
• Customers
• Users
• Society

The industry will have use of the project since the competitors can gain additional knowledge 
and inspiration and new suppliers will most likely gain jobs. Customers will have a new charger to 
choose from and the users will then get the opportunity to use it. The one stakeholder that are most 

Figure 1: (To the Left) Harbor From Above Introduction1 21



indirectly affected, but still affected indeed is the society. Making it easier to use chargers will affect 
how many people that choose to use electric boats, that then in turn will affect the environment 
and thereby the society. 

A more thorough analysis of all the stakeholders part in the project and a description of them can 
be found in the Context chapter under Stakeholder Analysis.

1.3 OBJECTIVE AND AIMS
The objective of the project is to provide a basis for the facilitation of the standardization of char-
gers for boats, with the possibility of full-scale tests. Including thorough investigation of the guide-
lines, user requirements and conditions of chargers. 

The aim of the project is to develop both a normal charger standard and a quick charger that is 
to be mounted in a harbor, being able to utilize the harbor’s own electricity grid. The solution 
should be an economically viable solution that simplifies the development of the charging stations 
infrastructure. It should also be a module and mobility impaired adapted solution for various envi-
ronments that follow the design guidelines of the company. The project has been divided into need, 
design and function to make it structured and easy to follow. To investigate the aims of the project, 
the following questions have been asked in each section:

Need
• What are the charging-needs for boats?

Design
• How should the chargers be designed to optimize the ergonomics?
• Are there any creative solutions not yet utilized on EV chargers, that can be used for boat 

chargers?
• What should be taken into consideration to enhance the user experience?

Function
• How should the chargers be made accessible to the many?
• How can the charging stations be modulated for varying harbor docks?
• How can the chargers be integrated into an existing harbor?

1.4 PROJECT SCOPE 
The project will in total take 20 weeks (30 credits) and therefore some demarcations will have to 
be made. There are a number of difficulties and problems to face, but to focus on a flexible solution 
of the quick charger, the project will be limited from:

• Optimizing the electronics and software
• Developing interface on screens
• Developing eventual AP
• Requirements for CE marking
• Electric boats that does not follow Swedish Legislations
• Completing a fully working prototype
• Other interfaces than CCS (Combo 2) and Type 2 charging 
• Reach longer than 5 meters or wider than 2,5 meters

 

1.5 THESIS OUTLINE
This thesis is divided into the following chap-
ters. (See Figure 2)

Chapter 1: Introduction 
Chapter 1 includes an overview of the project 
and why the project was completed, contain-
ing the background to the project, stakehold-
ers, objectives and aims and the project scope. 

Chapter 2: Context 
Chapter 2 covers the context it concerns. 
Going into the current state of chargers and 
harbors. Benchmarking chargers and electric 
boats.

Chapter 3: Theoretical Framework 
Chapter 3 covers the theory that is the scien-
tific basis for the project. 

Chapter 4: Method and Implementation
Chapter 4 describes the process in which the 
project was carried out and the methods and 
techniques involved in the project.

Chapter 5: Results 
Chapter 5 describes the result of the project. 
Here the result from all stages of the process 
is presented

Chapter 6: Final Design
Chapter 6 cover the design of the end prod-
ucts in the project.

Chapter 7: Discussion
Chapter 7 covers a discussion of the results, 
the methods used, the process and the theo-
retical framework.

Chapter 8: Conclusions
Chapter 8 has all the conclusions and recom-
mendations.

Chapter 9: References
Chapter 9 has all the references used in this 
thesis. Listed according to the reference style 
APA.

Appendices
Finally, after chapter 8, the appendices refer-
enced to can be found.

Figure 2: Thesis Outline
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2.1 CURRENT STATE
The current state paragraphs have been divided up into the evolution of electric boats, chargers, 
harbors and stakeholders.  All to make a clear overview of the current prerequisites in the project. 

2.1.1 The Evolution of Electric Boats
According to Tirkkonen (2015) several kinds of electric boats have been developed during the 
long history of electric boating. In the 1970’s, due to the global energy crisis, the revival of electric 
boating started, resulting in a resurrection of recreational electric boats (Eco Boats, n.d.). The first 
safe electric boating then began at the 1893 Chicago World’s Fair, where 55 ferries called Elco were 
launched, resulting in the first large scale use of electricity (Daniello, 2017). 

Todays electric boats use several different kinds of batteries (Tirkkonen, 2015). The electric out-
board motors are silent and with a much lower pollution emission than the outboard combustion 
motors (Tirkkonen, 2015). However, the electric outboard motors are much slower than the com-
bustion outboard motors today (Tirkkonen, 2015).

The added focus on sustainability is what has started the drive for electric boating, with electric 
cars leading the way (Eco Boats, n.d.). As a result, the electric boating technologies has scientifical-
ly started to advance, spurred along by government legislations both in Europe and the US (Eco 
Boats, n.d.). Now electric motors are much more affordable and starting to become an option for 
the many, not just for corporate companies (Eco Boats, n.d.). Electric motors are currently sold for 
prices starting at $3,000 (Eco Boats, n.d.). Currently, electric boats are only charged with normal 
charging, but boats compatible with quick chargers are now being developed, by No Picnic, as well.

As mentioned earlier in the introduction, electric vehicles have had an increasing trend in general 
and during a long period of time electric cars have been the main focus. To figure out how electric 
boats  compare an analysis on Google Ngram Viewer was completed. To see how popular each sub-
ject has been through the years. As a result it was seen that electric boats has also been increasing in 
trend at a steady rate below electric vehicles in general and as electric cars has dipped in popularity 
electric boats has kept increasing (See the Ngram graph in Figure 7). An analysis was also made on 
the type of boats sold during a year in Sweden, as well as how the boats are mostly used (See Figure 
3). The information is based on SweBoat’s (2017) information on boat life in Sweden. 
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2.1.2 Chargers
Currently, there are a lot of different chargers on the market, both for quick charging and normal 
charging, used mainly for cars. There aren’t any quick chargers and not that many normal chargers 
for electric boats, as electric boats haven’t been fully established on the market yet. Therefore in this 
thesis, inspiration will mainly come from car chargers.

Figure 3: Boat Market and Boat Usage

Context

2. Context 
According to Dey (2001), “context is any information that can be used to char-
acterize the situation of an entity. An entity is a person, place, or object that is 
considered relevant to the interaction between a user and an application, includ-
ing the user and applications themselves” (p.4).

In this context chapter the current state, including the state of electric boats, 
chargers, harbors and stakeholders, and a benchmarking, including chargers and 
electric boats are described.

Figure 4: (To the Left) Participatory Observation5 65
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Context

No Picnic Car Charger
As mentioned earlier in the introduction, a quick charger concept on the car side has already been 
designed (with different alterations) by No Picnic. However, it will not be shown in this thesis, 
due to confidentiality reasons. The options in the project now, according to the client, is to either 
optimize the quick charger for boats or design a completely new solution, with a new analysis of 
the current state of charging for boats. Therefore, a description of the current quick charger for cars 
was deemed necessary.

The mechanism in the design concept ensures that the arm is constantly held at a height of three 
meters. The total height is 4700 mm and the bend diameter of the cable is a maximum of 150 mm. 
The cable used in the concept is an AMO Extreme, which is a 1 kV flexible connection cable with 
high mechanical requirements. The insulation material can handle conductor temperatures up to 90 
°C, it is flame retardant and has good chemical resistance. The cable is also suitable for use on ships 
and on offshore platforms.

The range of the charger is 5165 mm with a 3700 mm long cable. With that range, two cars parked 
at a distance of three meters from the facade can be charged in turns, without the need to move one 
of the cars. The arm is designed in a manner that prevents overloading. If a force is applied to the 
cable at the folded position, the arm is shifted so that the arm’s mechanism enters an upwards posi-
tion. The springs require a force of 300 Nm to rotate the rear axle to the folded position and start 
recess. The power can also be supplied by the user, by pulling the charging cable. The construction 
itself and the cable allow a rotation of 45 degrees in each direction. (Description translated from 
E-Sea Power project documentation by Michael Lilja and Erik Olsblom)

Car Chargers Seen in Field
There are multiple different chargers in Stockholm today. When observing these chargers, the ques-
tion of how the payment works were in focus (for pictures from the observations see Appendix A).  
All chargers come in different sizes and colors but here in Stockholm the payment for all charging 
works similarly. All around Stockholm specified parking slots, solely for charging of electric cars, 
are placed out. On these parking slots you do not have to pay any parking fee. Instead, you pay for 
the charging. 

When charging with quick charging, the cars can use the parking slot a maximum of thirty minutes 

and when charging with normal charging, the cars can use the parking slot a maximum of three 
hours, with the exception of those evenings when service of the stations does not occur. During 
these nights the car can use the slot during the entire night. The quick charging type available is 
usually both CCS, Combo 2 and CHAdeMO. The normal charging is of type 2, Mennekes (See 
Theoretical Framework for more information about the charging types). 

The charging is co-financed by the European Union and placed out by Stockholms Stad. Different 
companies tend to the charging stations and therefore the pricing ranges from 3 to 5 kr/kWh with 
discounts if the user has a prepaid charge-card. The companies have different interactive maps, ei-
ther found on the web or in an AP, that tell the users where to find the chargers and if they are avail-
able. This makes it easy for the users to quickly find an available parking spot with charging nearby.

Car Chargers on the Market
As mentioned before there are multiple chargers on the market for charging electric vehicles, main-
ly focusing on cars. From these chargers there are a lot of information and inspiration to obtain. In  
Figure 5 an assortment of interesting pamphlets from a charging fair can be seen. Varying in design 
and function, with different levels of success and appreciation from customers and users.

2.1.3 Harbors
To investigate the current state of harbors, field studies were conducted (See Figure 6). To make the 
results clear it was then divided into two different sections each evaluated. The first section being 
layouts of harbors and docks and the second section being harbors where the chargers can/will be 
installed.

Layouts of Harbors & Docks
There are multiple types of how boats are moored. A charger for boats has to work for all types or at 
least take all types into consideration. This is something that has to be established in the requirement 
specification. Therefore, a short description of each type is found below. Pictures of the mooring 
types are found in Appendix B and an illustration of them in Figure 7.

Side Mooring - This mooring type is always used when the harbor lacks docks and the boat have to 
be moored directly to the harbor edge. With this type the boat is usually moored to bollards with 
fenders in-between to protect the boat.

Figure 6: (Below) Field Study at Norr MälarstrandFigure 5: (Below) Assortment of Pamphlets
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Aft Mooring - When mooring the boat with the back (aft) facing the dock, it will here on be called 
Aft Mooring. When using this type of mooring, mooring fingers are usually used, either straight or 
Y formed in metal or like a small extension of the dock, to support and attach the boat. The moor-
ing fingers can be attached to the docks either in an angle or straight. Fenders are used here also to 
protect the boat. When mooring fingers are not used poles, placed a little distance out in the water, 
can be used for attaching the boat (See Figure 1).

Prow Mooring - When mooring the boat with the front (prow) facing the dock, it will here upon 
be termed Prow Mooring. Here the same type of Mooring fingers or poles as in Aft Mooring are 
usually used, with fenders for protection. This is the most common type of mooring.

Mixed Mooring - A combination of the above can occur at the same dock. From now on that will 
be called Mixed Mooring.

Harbors Where the Chargers Can/Will Be Installed
This section is further divided into harbors where the chargers will first be installed, future/possible 
installations and other harbors of interest, all in the Stockholm region, where this project started.  
Some of the locations are intended for a new normal charging standard and some for a quick char-
ger. For pictures from all the participatory observations and field studies of the harbors mentioned 
below see Appendix C.

First installations:
Dalarö - Dalarö’s Guest Harbor by Askfatsviken is one of the three first installment sites. Currently, 
at the guest harbor there is a possibility to rent a wharf with a charging station for 350 kr/night or 
without a charging station for 300 kr/night. At Dalarö the charging stations for refrigerators etc. are 
spaced at a regular interval and comes either in a silver model with an integrated lamp at the top 
or as a brown pole. The charging cords are at the moment lying tangled along the docks and there 
seems to be no particular color for the charging cords as they come in both black, pink, gray and 
yellow. There are also no safety measures to prevent the electronic extension cords to fall into the 
water. The current mooring used at Dalarö is Prow Mooring.

Sandhamn - Currently there is a mail-boat that delivers mail between Sandhamn and Möja, with 
about 35 stops a day, 5 days a week, all year round (A list of all the stops made and pictures of the 
current mail-boat can be seen in Appendix D). This mail-boat is hopefully going to be turned into 
an electric boat and therefore there needs to be a charging station at some of the sites where this 
boat docks. Therefore, the focus at Sandhamn is at the docking site for that boat. Sandhamn is the 
longest stop for the mail-boat, where they have a dedicated mooring place. The boat stops at Sand-
hamn for about two hours due to that the mail men are responsible for the post office of Sandhamn 
and then they eat lunch on the island. Currently, there is charging for batteries and refrigerators etc. 
and the mail-boat uses side mooring.

Möja - As mentioned above, the docking sites of the mail-boat is in focus and therefore the harbor 
at Möja where this boat stops is being evaluated. The mail-boat has one of its longest stops at Möja 
as they meet up with a mail car, that delivers all the mail to Möja. Currently the boat only stops 
for about ten minutes, but if the charging is at Möja an earlier refueling stop at Norra Stavsudda 
(6 minutes) can be abbreviated, to then spend the time at Möja instead. There is a gray charging 
stations at the moment, solely used for battery and refrigerator charging etc. At Möja prow mooring 
is used, which is the most common mooring type for the mail-boat.

Future/Possible installations:
Norra Hammarbyhamnen (Hammarbyslussen) - Next to the Thaiboat restaurant there is a large empty 
space suitable for charging in the future. What makes this place so good is its lock, where boats 

normally have to wait anyway. So placing a charging station at Norra Hammarbyhamnen would 
be optimal as there would be no added waiting time. There also seems to be decent electrics as the 
Thaiboat uses it currently. Worth noting is that there currently is no harbor at Norra Hammar-
byhamnen and it is a very high height from the water to the ground where the charger is to be 
docked. This is an important consideration to take into account when designing.

Norr Mälarstrand - An existing car gas station is about to become a lake gas station at Norr Mälar-
strand. Currently, the mooring next to the car gas station is only for commercial traffic, but that 
will presumably change during the reconstruction. Lake gas stations are perfect locations to place 
chargers if you don’t want to alter the user’s behavior, as they already use the gas station. Now it will 
just be for another type of fuel. At Norr Mälarstrand electricity is taken directly from a switchboard 
or through charging posts. Currently, there are a lot of cord tangling from the charging posts. The 
charging posts are no blending in into the surroundings, but they have black lamp posts that blend 
into the surroundings much better. These lamp posts are an excellent inspiration for the ideation. 
The charging cords come in both the colors yellow, black and blue. The mooring used is currently 
Side Mooring and Mixed Mooring. The charging is usually done during the night and mooring is 
not only available by docks, but also at some neighboring restaurants.

Riddarholmen - At Riddarholmen a current quick charger for cars, near the edge of the harbor, is 
going to be rebuilt to suit boats as well. Side Mooring is used all around the island and there is 
right now a lot of free spaces not used with small switchboard at regular intervals. On the charger 
nothing about costs is stated. A good question to ask during the requirement specification came up 
here: Is the charger supposed to be able to charge both electric boats and electric cars? This have 
to be specified.

Hornstulls Strand - A decision for a charging station at Hornstulls Strand is coming this spring. At 
this harbor there is charging cord tangling as well, but it is one of the best-organized harbors so far. 
There are charging poles here too, but here they have a charger that looks like a gardening hose 
in addition to the other chargers. The cords here are all black from my observations. At Hornstulls 
Strand all mooring types occur except for Side Mooring. 

Munkbroleden - There are building plans here to build a charging station, but it is not a certainty, as 
the renovations of Slussen are ongoing here. Because of the ongoing building and renovations is 
hard to know exactly how it is going to look when completed, but it seems like it should work. The 
harbor edge is at a suitable height and it is a very central location.

Other harbors of interest:
Strandvägen - Strandvägen is a harbor of interest since it has had rental of electric boats and there 
are multiple boats moored there. At Strandvägen the same types of chargers as seen previously are 
used, with problems concerning tangled cords. The lamp posts seen at Norr Mälarstrand can be seen 
at Strandvägen too. The charging at Strandvägen is either paid for by the time used or included in 
the wharf fee. At previous harbors it has only been included in the wharf fee. A question to ask is if 
the charging for batteries and refrigerators etc. should be combined in the charger for the motor or 
not. This should also be specified in the requirement specification. The charger cord colors are both 
yellow, black and red and the mooring used are Aft Mooring, Side Mooring and Prow Mooring.

Wasa Hamnen (Stockholm’s Guest Harbor) - Wasa Hamnen is of interest because similarly to Strand-
vägen, charging of refrigerators etc. is available both contra payment deducted hourly (50 kr/h) or 
included in the wharf fee. Wasa Hamnen’s harbor follows a more regular pattern when it comes to 
charging, but tangling of cords is still a problem. None of the charging poles have lights, when it is 
dark, and there are no additional lamp posts at the docks, which can make it hard to see. Therefore 
an idea for the ideation or requirement specification is to include lights in the solution. At Wasa 
Hamnen all types of mooring is used.
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Worth to mention is that the colors of the cords alter due to that on a normal charger it is the boat 
owner that brings their own charging cord. However, the quick charger cords has to be integrated 
into the quick charger and therefore a standard color can be decided. Ergonomic charging stations 
seems to be non-existent at most harbors, with some exceptions. All charging outlets are generally 
a bit low and hard to see, even for short users. The charging-cords and handles are also unpleasant 
to use according to users, interviewed in field.

2.1.4 Stakeholder Analysis
The stakeholders were mentioned earlier in the introduction. Here they are analyzed to see respec-
tively what impact they have on the development of the boat charger and more in depth, which 
ones the stakeholders are. The stakeholders have been divided into participants and industry, cus-
tomers, users and society. 

Participants and Industry
There are multiple participants in this project, who were not introduced earlier in the introduc-
tion.  The participants and industry have the biggest impact of all stakeholders on the outcome of 
the project. The participants and the industry are one and the same for most parts in this project, 
as multiple companies from the industry are involved. Here an explanation, in short, on what each 
company is responsible for follows.

E-Sea AB - The company E-Sea is the initi-
ator of the E-Sea Power project. In this case 
considered as the customer who ordered the 
product.

No Picnic AB - No Picnic are responsible for 
the designing of the charger.

Vinnova - As mentioned before Vinnova fi-
nances the project.

Chargestorm AB - Chargestorm are the devel-
opers of the technology inside of the charger.

Farroamp - Farroamp develops AC/DC con-
verters for the car chargers.

Hill Wall - Hill Wall was only part of the proj-
ect in its initial face. Hill Wall are the software 
developers.

Applebox Production AB - Applebox are con-

sultants in the project, due to their expertise 
on batteries.

Devex Mekatronik AB - Devex Mekatronik 
are responsible for the mechanics in the prod-
uct and they will in the end also develop the 
products physical parts.

James Fisher Defense Sweden AB - James Fish-
er Defense are the leading experts on elec-
tric-water safety, as they are manufacturers of 
mini-submarines.

Neptunia Development AB - Neptunia works 
with the observance of equality issues, as this 
is a very man dominated field in which the 
project takes place.

Stövaren AB - Stövaren AB is a boat manufac-
turer, designing electric boats.

Customers
When viewing the customer base it is important to look at the business-model used, as it affects 
who the customer is. When evaluating the most similar project, electric cars in Stockholm, the cus-
tomer is not only the user but others are as well. The customer is probably the stakeholder with the 
most say in this project as they dictate the production of the product, the number of products sold 
and the duration of when it is used. Basically, they are a big part of the success-rate of the product.

The design is bought by the manufacturing company, making them the primary customers. In this 
case however, E-Sea can be seen as the primary customer, ordering the design.  The car charging 
stations are co-financed by the European Union and placed out by Stockholms Stad, meaning that 
they are the secondary customers, on the car side. This will probably be the same on the boat part 
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of the project. Finally, the users utilize the stations and pay a fee for the usage of the stations, making 
the users the tertiary customers. This is how it works for the electric car charging stations and this 
is most likely how it will work for the electric boat charging stations as well. The only difference 
might be that the dock owners might be a customer too. The payment in harbors might also differ, 
as the price of the charging might be included in the wharf fee or paid according to use, similarly 
to the electric cars. 

The harbor manufacturers who are interested in this project are Stockholms Stad, Nynäshamns 
municipality, Värmdö municipality and a electricity demonstration center.

Users
The users always have a say in the development process, in one way or another, since they are the 
ones that are going to use the product. If users don’t like the product it is not going to be used and 
then it doesn’t matter how much the other stakeholders like the product. So who are the users?

After the participatory observations at the harbors mentioned under Harbors Where the Chargers 
Can/Will Be Installed (2.1.3 Harbors), Damodaran’s (1996) six user analysis questions were asked, 
to gain a sufficient understanding of the user. Damodaran’s (1996) user analysis questions and Don-
aldson’s (2002) needfinding questions are extremely similar, which is why Damodaran’s user analysis 
questions were considered sufficient in the needfinding process. 

Normally in projects similar to this one a persona is created, but due to the span of users of boats 
this was deemed unnecessary. This because the outcome, most likely, would not have been specific 
enough to use in upcoming phases of the project. The answers to Demodaran’s (1996) questions 
can be read below.

Who will be affected? 
All users of motorboats, electric and non-electric, will most likely be affected in some way, because  
a new product will be introduced in the harbors. This changes the current state.

Is it possible to identify just two or three main user categories? 
The users were categorized into: Direct users (Users of electric boats), Indirect users (maintenance 
personnel) and Affected users (Users of fuel boats).

What are the characteristics of people in each user category? 
Direct and Affected users can be seen as one and the same when it comes to their characteristics. 
According to Daflo (2013), the users are usually middle aged men with a good economy, that has 
high demands on both function and quality. After the participatory observations and field studies 
Daflo’s (2013) statement has been deemed correct. Therefore, the characteristics specified by Daflo 
(2013) will be used in this project as well. The characteristics of the people in the user categories are:

• Influential/Trend setting
• Luxury consumers/Values quality
• Time shortage (time-consuming work)
• Transport from A to B in the minimum amount of time
• Comfortable/Enjoyers of life
• High-income earners

The characteristics of the Indirect users will not be covered here since they are not relevant for the  
development of the chargers in this specific project.

What are the characteristics of the task performed by each user category?
The characteristic tasks performed by the Direct users and Affected users are:

• Extreme water sports
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• Fishing
• Transport
• Recreation Activities

The characteristic tasks performed by the Indirect users are mainly maintenance activities.

What do different users like and dislike? 
What the users like and dislike affect how they react to the product. All user groups have in com-
mon that they like products that they have use of and are easy to use and dislike products that are 
useless to them or annoying/undesirable in some way.

How are the different users likely to react to the system?
Direct users will hopefully be positive towards the final product, if it is functional and aesthetically 
pleasing. Indirect users will probably like it if it is easy to do maintenance on. Affected users might 
be negative to the product due to that it might, according to them, intrude on their territory. This, 
however, can be solved by adding functions to the charging station that they have use of as well so 
that they do not deem the charger useless. Such functions might be for example lamps that light 
up the harbor.

Society
When looking at the society it is important to look at different infrastructure investments and how 
these affect the project. In this project Tillväxtverket gives financial aid for 75% of the chargers if the 
chargers are installed at islands without bridge connections. Making it much easier for harbor own-
ers to install the chargers. Stockholm’s Harbor also has a proposal on a requirement. The proposal is 
that lake gas stations have to have a quick chargers for boats. But for this to take effect, obviously a 
quick charger must be designed and developed first, preferably according to a developed standard.

2.2 BENCHMARKING
In these following paragraphs, the benchmarking result will be explained. The benchmarking was 
mostly created to gain inspiration for the design process and on possible solutions for functions. 
Aiming toward cutting edge design and technologies. 

2.2.1 Chargers
A general benchmarking on chargers were made, not limiting to charging of boats. Avoiding to 
miss any interesting solutions that can be used for inspiration in this project. There are a lot of new 
concept on charging, as it is a trending research field, with the new environmental legislations and 
EU projects pushing on. Therefore, many different designers have taken it upon their shoulders to 
design car chargers. To create a summarized overview of the findings, as a later inspirational asset in 
the ideation phase of the project, a collage was created that can be found in Appendix E.

2.2.2 Electric Boats
The focus of this thesis is not on the electric boats. However, to gain extra insight as of what is being 
developed today, beyond the research on the Evolvement of Electric Boats, a benchmarking was 
completed on this as well. Resulting in a summarized collage, as an easy overview of the findings. 
If interested in the outcome, this collage can also be found in Appendix E.

2.3 COMPILATION
The context analyzed, has been compiled to get a clearer overview of the electric boats and trend 
analysis outcome, the current mooring types used and the key problems found during the field 
studies and participatory observations. All compiled in Figure 7.
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3. Theoretical Framework
According to Grant and Osanloo (2014), “the theoretical framework is one of 
the most important aspects in the research process” (p.12). It is very important 
to utilize a theoretical framework in a dissertation study, as it works as a knowl-
edge foundation (metaphorically and literally) (Grant & Osanloo, 2014). The 
base for the literature review, the methods and the analysis is all provided by the 
theoretical framework (Grant & Osanloo, 2014).

Grant and Osanloo (2014) resemble the theoretical framework with a blueprint. 
Due to that the theoretical framework works as a guide on which to build and 
support the study. Once the “blueprint” is created, others will have an idea of 
the approach taken in the dissertation (Grant & Osanloo, 2014).

3.1 FROM IDE TO BOAT CHARGING
The core of this project is Industrial Design Engineering (IDE), being the “theory umbrella” un-
der which the project was developed. Due to that this is the education in which this thesis was 
completed. Therefore, a description of what Industrial Design and Industrial Design Engineering is 
follows in the paragraphs below. In the last paragraph, a description of how the theoretical sections 
are connected is also included.

Industrial design has traditionally been viewed as a service, rather than as a strategic business re-
source (Veryzer & Borja de Mozota, 2005). However, Industrial design has now been evolving, as 
have new product development (Veryzer & Borja de Mozota, 2005). In industrial design, visual 
thinking and creativity are main components (Tovey, 1989). Industrial design is concerned with the 
design of products and industrial designers mostly work alongside engineers (Tovey, 1989; Veryzer 
& Borja de Mozota, 2005). Industrial designers are required to be creative and sometimes they are 
regarded as the artists within the design team(Tovey, 1989). Industrial design has much in common 
with engineering design (Tovey, 1989).

The industrial designer’s role can scope from ideas concerning innovative products to defining and 
visualizing the form in an emerging product  (Veryzer & Borja de Mozota, 2005). In progressive 
firms and design consultancies the industrial designer is deeply involved with the new product de-
velopment, but in other firms, they can be used more as an afterthought  (Veryzer & Borja de Mo-
zota, 2005). In order to facilitate creativity in the innovation process, you have to overcome barriers 
between engineering and industrial design (Veryzer & Borja de Mozota, 2005).

Industrial design engineering is now a very common expression (Smets & Overbeeke, 1994). It in-
cludes both design engineering and design aesthetics (Smets & Overbeeke, 1994). Industrial design 
engineers can use perceptual theories and results to develop new technologies and optimal product 
designs (Smets & Overbeeke, 1994). They design products that visually express purpose and mean-
ing (Smets & Overbeeke, 1994). Product design engineering activities should be shared among a 
multidisciplinary team, due to that complex design projects generally require a multidisciplinary 
design (Hao, Shen, Zhang, Park & Lee, 2006).

The International Council Societies of Industrial Design (ICSID) have a definition for Industrial 
Design. The following is a draft from their definition: “It is a trans-disciplinary profession that harnesses 
creativity to resolve problems and co-create solutions with the intent of making a product, system, service, ex-
perience or a business, better.”

Creativity is not solely the creation of innovative solutions; it is also the use of existing knowledge 
in new ways (Restrepo & Christiaans, 2005). The latter is particularly significant in design (Re-
strepo & Christiaans, 2005). In product design engineering, the level of novelty in form and use has 
decreased recently, making innovation a larger focus (Restrepo & Christiaans, 2005).

In this Industrial Design Engineering project, for developing a boat charger, the theory was divided 
into the three sections: need, design and function. In the need section, is the topic Needfinding, in 
the design section the topics Creativity, Ergonomics and User Experience and finally in the func-
tion section are the topics Accessibility and Charging. (See Figure 8)

Figure 9: (To the Left) Creativity Illustrated15 16Theoretical Framework

Figure 8: Theoretical Framework Mapping
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3.2 NEEDFINDING
There is obviously a need that has to be solved in this project; charging of electric boats. To further 
understand this need needfinding will be used.

Needfinding is an approach to identify user’s unmet needs, aiming at bringing them to the design-
er (Zhang & Chen, 2012; Pantofaru & Takayama, 2011). The requirement of new products is the 
objective of the needfinding process, along with finding where unmet needs exist (Schaffhausen 
& Kowalewski, 2015; Patnaik & Becker, 1999). According to Pantofaru and Takayama (2011) “the 
power of need finding is that it allows us to quickly enter a user’s world, casting the user as an expert who will 
teach us about the meaning of tasks, objects and technology to them” (p. 1). Biased ideological and emo-
tive restrictions should be excluded in the design process to truly be able to meet the user’s needs 
(Donaldson, 2002).

Danaldson (2002) asks six questions to make the needfinding comprehensive:
• Who is/are the target group? 
• What are their characteristics? 
• What are their requirements? 
• How diverse are these requirements? 
• What would be the potential value of a “solution” to the user? 
• How are the users addressing the need now?

Designers should focus on the underlying needs of products, as solutions come in and out of focus 
but the needs prevail the lives of the products created to solve the solutions (Patnaik & Becker, 
1999). When looking at needs rather than specific solutions it avoids prematurely limiting possi-
bilities (Patnaik & Becker, 1999). According to Patnaik and Becker (1999) “needs are opportunities 
waiting to be exploited, not guesses at the future” (p. 38). Illuminating needs for designers in product 
development is what needfinding is about (Patnaik & Becker, 1999).

Needs are perceived either by the needer (own needs) or by the needfinder (others needs) (Faste, 
1987). If a needfinder does not relate in a personal way it is rare that the needfinder will see the 
need (Faste, 1987). Therefore, needfinding is a very personal activity that requires empathy or a 
feeling of involvement with the needer (Faste, 1987).

Patnaik and Becker (1999) has a four stage process for uncovering the needs of users:

Frame & Prepare
• Frame the research questions
• Define the needer group
• Study established data for grounding in 

the subject

Watch & Record
• Immerse oneself in the needer group
• Avoid intrusions to keep the behavior 

natural
• Use appropriate recording media

Ask & Record
• Interview in the customer’s environ-

ment
• Record information in the customer’s 

terms

Interpret & Reframe
• Create need statements
• Classify and prioritize the needs
• Reframe the research

The needfinding approach directed the process onto the right track, always taking into consider-
ation the user’s needs. It also served as a guideline of which methods to use and made sure that a 
thorough current state analysis was conducted. With the outcome of a requirement specification 
that takes the needs of the users into account.

3.3 ERGONOMICS
Since current quick charger cords on the car side are very heavy and clumsy to handle the ergo-
nomics of the charger docking station, the lifting of the cord and the gripping of the handle will 
have to be taken into consideration when designing the charger.

Designers and other professions acceptance of ergonomics has not been easy to gain (Woodcock 
& Denton, 2001). But during the last several decades’ ergonomics in product design has been in-
creasingly considered (Hashim & Dawal, 2012). Ergonomics is now, in many companies, applied to 
full fill customer requirements and satisfaction (Hashim & Dawal, 2012). The relationship between 
products and environments with human factors is what ergonomic design knowledge focus on 
(Hashim & Dawal, 2012).

Ergonomics has for about 50 years been seen as a science and now it contains multiple method-
ologies, as it has an established research base (Stubbs, 2000). The Greek words for work and laws 
(ergos and nomos) are how the word ergonomics came to be (Stubbs, 2000). According to Stubbs 
(2000) “Ergonomics is the scientific study of human work” (p. 277). To improve productivity and safety 
in workplaces or work tasks the science of ergonomics is used when designing (Perry, 2010). The 
discipline of ergonomics is basically a study of interaction between the users and the product (Dul, 
2003). The knowledge in product ergonomics is today used to design human-friendly processes 
and/or products (Dul, 2003).

Perry (2010) cover multiple design considerations when designing ergonomically. In this project, 
the most relevant considerations to take into account are “Task design” and “Tool Design”, as that 
is what the design solution will most definitely include.  The included design considerations are 
listed below:

Tool design
• Grips
• Leverage
• Weight
• Balance
• Triggers
• Torque
• Vibration
• Handle design

Task design
• Posture
• Force
• Repetition
• Boredom versus complexity 
• Rate, duration and recovery 
• Static versus dynamic muscle activity

The ergonomic aspects has affected the project tremendously, since it has led to several design re-
strictions, that tremendously effected the final design.   

3.4 CREATIVITY
When designing, creativity is crucial to come up with solutions and needs. Creativity must be 
present in every artistic and technological part of an organization (Catmull, 2008). It enhances the 
ability to retain organizations competitive advantage and to advance their competitors (Parjanen, 
2012). In organizations, creativity is the process that makes new ideas and innovation possible (Par-
janen, 2012). Current views on organizational creativity appear to largely focus on outcomes or 
creative products, but in this process, it will be incorporated in all aspects of designing (Parjanen, 
2012). A creative product is one that is not only original, but it must also be appropriate, useful and 
actionable for the organization, which is exactly what the project is going for (Amabile, 1998).

Creativity is combining ideas in new ways, combining previously unrelated ideas or making entirely 
new connections among ideas (Sanders, 2001). Creative thinking is the ability to see things from 
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more than one perspective and to be able to question existing products (Parjanen, 2012). Creativ-
ity is a function of three components: expertise, creative-thinking skills and motivation (Amabile, 
1998). One cannot be truly creative unless one knows a good deal about the area (Amabile, 1998). 
Creativity is described both as an expression of pure emotion or pure function (Chaharbaghi & 
Cripps, 2007).

Creative actions begin with imagination (Chaharbaghi & Cripps, 2007). Imagination has an emo-
tional form before it has a concrete form (Chaharbaghi & Cripps, 2007). It cannot be touched, tast-
ed or measured in its creative mental state (Chaharbaghi & Cripps, 2007). The nature of creativity 
is defiant and this is why social consensus and creativity doesn’t go to well together (Chaharbaghi 
& Cripps, 2007). Creative thinking is a process that replaces reason with instinct (Chaharbaghi & 
Cripps, 2007). People who are creative can seem unusual due to that their imagination is not trig-
gered by its usefulness (Chaharbaghi & Cripps, 2007). Creativity can be seen as contradicting reason 
directly challenging status quo (Chaharbaghi & Cripps, 2007).

All creative tasks are fundamentally risky (Chaharbaghi & Cripps, 2007). According to Parjanen,
(2012) challenges that require creativity are often complex and ill-defined. Catmull (2008) com-
pares their creative process to an agrological dig where you don’t know what you’re looking for or 
whether you will even find anything. He says the process is downright scary. Amabile (1996) says 
that employees diverge in the maze of solutions at their own risk.

The creativity was a very important part of the project. Since no existing quick chargers for boats 
exists today and therefore the need for creative new solutions were crucial.

3.5 USER EXPERIENCE
To engineer great designs is more than just a technical skill set that designers need to encompass 
(Karat, Vanderdonckt, Abowd, Calvary, Carroll, Cockton, ... & Jacob, 2005). They should also have 
a broad understanding of how user experience (UX) exceeds our abilities to formalize it (Karat et 
al., 2005). UX can both be viewed as a phenomenon, a field of study, or a practice (Allam, Hussin 
& Dahlan, 2013). UX is dynamic and involves research fields such as product design, psychology 
and product development (Allam, et al., 2013).  According to Hellweger and Wang (2015) “there 
is no consensus on the definition of UX in literature, there is a common understanding that it is a complex 
concept and should not be equaled to usability or user interface simply” (p. 1). UX is foremost a term test-
ing product satisfaction and usage (Wang, Hwang, & Ho, 2009). The ISO 9241-210:2010 standard 
defines user experience as “person’s perceptions and responses resulting from the use and/or anticipated 
use of a product, system or service”. How efficiently and the amount of satisfaction gained by the user 
when completing tasks with a product is what determents how good UX the product has (Foo & 
Mårtensson, 2016).

Selecting the best design is the main objective when evaluating user experience (Allam, et al., 
2013). The complexity of UX should not be underestimated as it encompasses all aspects of the 
user’s interactions with a product (Karat et al., 2005). Due to that varying experiences between 
individuals it is hard as a designer to get intended experiences with products across to the users 
(Karat et al., 2005). UX is after all subjective (Karat et al., 2005). UX is seen as a positive quality in 
design (Hellweger & Wang, 2015). It is common that misinterpretations around the concept of user 
experience occur due to language barriers (Budd, Taylor, Wakkary & Evernden, 2005). A common 
misinterpretation is that the terms user experience and experience design are thought of in the 
same way (Budd, et al., 2005). This is wrong due to UX being a much larger entity than experience 
design (Budd, et al., 2005).

Involving the user is always necessary for a design process (Foo & Mårtensson, 2016). Working with 
the users assures that the design is heading in the right direction (Foo & Mårtensson, 2016). This 

works best when designing iteratively while continuously gaining feedback from users, making 
adjustments along the way (Foo & Mårtensson, 2016). UX should be addressed as a whole not fo-
cusing too much on details but rather on the whole design (Foo & Mårtensson, 2016).  According 
to Allam, et al. (2013) there are four different time spans in which the user experiences varies. These 
time spans are:

Before Usage (Anticipated UX):
Before even trying a product, people collect 
anticipations from others opinions, commer-
cials and related products. All this can and 
usually will affect how a user experiences a 
product. 

During Usage (Momentary UX):
This is the UX that most designers think of 
first. This is when the user interacts and uses 
the product (Momentary).

After Usage (Episodic UX):
When a user interacts with a product during a 
specific period or has finished using the prod-
uct it is called After Usage or Episodic UX.

Over Time (Cumulative UX):
The one that according to industry is found 
most important to users is the Cumulative 
UX. Cumulative UX is how the user experi-
ences the product after a long period of mul-
tiple uses.

In conclusion, users can gain great pleasure in finding a product with good UX (Karat et al., 2005).

3.5.1 Usability
All products meant for people should be easy to interact with, meaning it should be easy to under-
stand, learn and use (Gould & Lewis, 1985). Useful products contain only the functions needed and 
they are pleasant to use (Gould & Lewis, 1985). According to Brinkman (2003) “usability is the ex-
tent to which a product can be controlled by specified users to match a reference value with effectiveness, efficiency 
and satisfaction in a specified context of use” (p. 9). The interaction between a product and its user’s task/
tasks that he or she is trying to complete is measured by a property called usability (Jordan, 1998).

Designing for usability
Iterative design is a must to obtain good usability, otherwise the consequences might be disastrous 
(Gould & Lewis, 1985). If an iterative design is not used it may reduce the required communication 
and observations needed to attain good usability (Gould & Lewis, 1985). By creating and agreeing 
on thorough requirement specifications, that can be valuable in itself, it can help clarify the validity 
of various measures of usability (Gould & Lewis, 1985). Prototype testing can also identify some 
products problems with a reliability and responsiveness (Gould & Lewis, 1985). These two factors 
are necessary and they interact with the other usability factors as well (Gould & Lewis, 1985).

Principles for usability
There are a lot of different principles for usability. Here five different authors principles will be cov-
ered. All the principles from the authors can be read on the following page, but here the principles 
that all authors mention, with alterations, are listed. These will be the principles considered most 
important. Worth to mention is that Gould and Lewis’s (1985) principles are not what the product 
should be, but rather how it should be designed. Therefore their principles are not included in the 
same way as Cheung and Bryant (2006) and Jordan’s (1998) principles are. 

The principles they have in common are:
• Obvious - The user knows immediately how to use the product, either intuitively or by sim-

ilar products functions
• Need to know basis - The product should give the right amount of feedback at the right time
• Pleasurable - The user should be in control of the product and engaged by it, with all func-

tions clearly presented and a desirable design
• Do what it should - Only appropriate functions should be included and error prevention is 

necessary
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Gould and Lewis (1985) three principles for 
good usability in a design are:

1. Early Focus on Users and Tasks
First, Gould and Lewis (1985) recommend 
the designer to look at the characteristics of 
the user and the work expected to be accom-
plished by the user.

2. Empirical Measurement
Second, they go on recommending the user to 
early in the design process, use simulations and 
prototypes for the tasks at hand, while under 
observation by the designer.

3. Iterative Design
Lastly, they recommend that when problems 
are found, they must be fixed. Resulting in 
that it is necessary to use an iterative design 
process.

Cheung and Bryant’s (2006) four principles 
for what usability should be are:

1. Usability should be intuitive
Cheung and Bryant (2006) think that the 
more obvious the product is to use the better. 
The users should not have to think about the 
functions, they should intuitively understand 
them.

2. Usability should be efficient
They also think that it should be easy for the 
users to get from point A to B when using the 
product. The users should not know or choose 
more than they need.

3. Usability should be pleasurable
Next, they think that the design should en-
gage the user to use the product, by making it 
pleasurable to use.

4. Usability must be effective in 
achieving end goals
Finally, they go on saying that the above points 
do not matter if this one is not full-filled. The 
product must achieve what it is supposed to 
do or other usability aspects are useless.

Finally, Jordan’s (1998), ten principles for us-
ability are:

1. Consistency
In the first principle, Jordan (1998) believes 
that a product should be designed so that sim-
ilar actions are done in similar ways.

2. Compatibility
The second principle is that the user’s expec-
tations should be full-filled. For example, hav-
ing the functions expected in certain products, 
including the functions that similar products 
have.

3. Consideration of user resources
The third principle is that the product should 
be designed with the demands of the user, 
during the interaction, taken into account.

4. Feedback
The fourth principle is that the users should 
be given indications as to when a task or ac-
tion is completed.

5. Error prevention & recovery
The fifth principle that Jordan (1998) have is 
that all possible errors by the user should be 
minimized.

6. User control
The sixth principle is that the user should be 
in control of what actions the product takes.

7. Visual clarity
The seventh principle of usability is that all 
things displayed should be possible to read 
quickly and easily without causing confusion.

8. Prioritization of functionality 
& information
The eighth principle says that the information 
that is most important should be the informa-
tion that is most easily seen.

9. Appropriate transfer of technology
The ninth principle is that designers/devel-
opers should develop what they know best. 
Occasionally making use of others help/tech-
nology.

10. Explicitness
Finally, the tenth principle is that the product 
should be designed so that the user intuitively 
are aware of its functions and method of op-
eration.

Usability evaluation
So how do you evaluate if you have good usability in a product? There are multiple ways to evaluate 
the usability of a product (Brinkman, 2003). The methods most used can be divided into analytic 
and empirical evaluation methods (Brinkman, 2003).

The analytic methods are used without involving the users (Brinkman, 2003). During these meth-
ods, people reason about the usability (Brinkman, 2003). This is often based on theoretical models 
such as GOMS or the Cognitive Walkthrough (Brinkman, 2003). The GOMS model basically 
describes the methods needed to accomplish specified goals (Kieras, 1999). With GOMS being 
the acronym for Goals, Operators, Methods, and Selection Rules (Kieras, 1999). Cognitive Walk-
through, on the other hand, includes a general description of the users with a specific description 
of the tasks to be performed and a list of the correct actions required by the task (Rieman, Franzke 
& Redmiles, 1995).  There is also an evaluation method based on the usability principles described 
earlier, called Heuristic Evaluation (Brinkman, 2003).

The empirical methods are used involving the user (Brinkman, 2003). Examples of such methods 
are Usability testing, questionnaires and field studies (Brinkman, 2003). These methods can then 
further be categorized into qualitative or quantitative methods, depending on the type of infor-
mation they obtain (Brinkman, 2003). Qualitative method interviews are most commonly used, 
examining interview transcripts, having thinking-aloud protocols or using video recordings (Brink-
man, 2003). The qualitative methods are very often time-consuming, but they have a plausibility 
and soundness to them (Brinkman, 2003). Quantitative methods focus more on replicability and 
generality and call on statistical analyses most often in the form of questionnaires (Brinkman, 2003).

3.5.2 Product Semiotics
To avoid miss-interpretations in the final design, product semiotics will be used. Understanding the 
impression of a product during a design process is crucial (Mamaghani, Dalir & Soleimani, 2014). 
The designer needs to understand the semiotics in a product when trying to convey feelings and 
emotions, from the product to the user (Mamaghani, et al., 2014). Semiotics has not yet reached the 
taught academic disciplines, even though the field of semiotics involves multiple theoretical stances 
and methodological tools (Mamaghani, et al., 2014). 

According to Cambell (2003), semiotics has had a very strong influence on our use of objects, due 
to its theories involving all aspects of human communication. He further goes on saying that se-
miotics is a relevant starting point to understanding products that interact with humans in a social 
environment. Misinterpretation of signs on products can in worst cases result in fatalities. Therefore 
products that are made with semiotics in mind are much safer (Hudson, 2010).

Studying the use of signs is the core meaning of semiotics (Cambell, 2003). Product semiotics is the 
perceivable characteristics that communicate meaning to the users in some way (Meersman, 2007). 
The theoretical underpinning for art and design has started to become semiotics (Ali, Mohd & Isa, 
2012). Semiotics studies representations and it is very dependent on the analyst’s skill set (Chandler, 
1994). Semiotics is most often used in the form of a textual analysis but it can also involve phil-
osophical theorizing of the signs role in the construction of reality (Chandler, 1994). In general, 
semiotics is the theory of signs and its underlying meanings (Hudson, 2010).

According to Hudson (2010) Signs have three main properties:
• Representamen (representation) - The form the sign takes is called the representamen. 
• Referent (object) - The object to which the form refers to is the referent.
• Interpretant (the sense made of the sign) - The meaning extracted from the sign from the 

user is the interpretant. 

UX affected the project greatly due to it being one of the main focuses throughout the thesis work.
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3.6 ACCESSIBILITY
As previously stated in the objectives and aims the solution should be a mobility impaired adapted 
solution and that is primarily why accessibility is used, but it is also used for the inclusion of all 
users as well.

According to Abley (2010) “accessibility measures what people ‘could’ do” (p. 3). Accessibility is fore-
most perceived to be for the computer world, but in fact it came from architecture in the 1950’s 
(Tanaka, Bim & da Rocha, 2005). This during the time when barrier free design and universal 
design were born (Tanaka, et al., 2005). Now the definition accessibility is used in many fields 
(Tanaka, et al., 2005). Accessibility can be defined as a removing of barriers (Tanaka, et al., 2005). 
So people with disabilities can participate in life activities, such as the use of services, products, and 
information (Tanaka, et al., 2005).

Design approaches for accessibility have had to be developed, usually referred to as design for all, 
universal access and inclusive design (Keates & Clarkson, 2001). To ensure that all user capabilities 
are considered, accessibility approaches need to be included in design process (Keates & Clarkson, 
2001).  According to Tanaka, et al. (2005) most designers have ignored the accessibility issues, re-
sulting in barriers which make it difficult or even ignore the use from users with special needs.  An 
understanding of accessibility for all users must be seen from the user’s perspective, declaring guide-
lines and recommendations from that perspective (Leitner, Subasi, Höller, Geven & Tscheligi, 2009).

Abley (2010) discuss accessibility’s three components: ‘access’, ‘opportunity’ and ‘mobility’ from a 
transporting view, but the components can easily be adapted to suit components for accessibility in 
product design as well. By interpreting them to apply to a product, the following definitions have 
been made:

• ‘Access’ represents the ability to use specific functions in the product
• ‘Opportunity’ represents the availability of use from different users.
• ‘Mobility’ represents how easy it is to use different functions and handle different parts of 

the product.

Furthermore, Abley (2010) explains what an accessibility tool should accomplish. It should:
• Provide clear, objective, quantifiable measures of how accessible it is.
• Give sufficient detail to identify the nature of the problems.
• Identify the key obstacles to greater use.
• Take into account the quality (attractiveness, legibility).
• Be user-friendly and intuitive to use without a large investment in training.
• Be affordable enough that councils can use it.
• Be compatible with other data and complementary projects.

Accessibility became of the outermost importance since the chargers had to be designed so that it 
could be accessible to all. Steering the design of the chargers in the direction which is most acces-
sible.

3.7 CHARGING
The projects main focus is charging. Therefore, the different types of charging will be explained, 
along with the different types of chargers, followed by a categorization of the different modes of 
charging electric vehicles. Lastly, the legislations concerning the project will also be explained. A 
illustration of the modes and type combinations, including the maximum effect of the chargers can 
be seen at the end of the theoretical framework in Figure 13.

There are several types of chargers (See Figure 10), from different manufacturers, for electric ve-

hicles (EV’s). The chargers can be categorized into “normal charging” and “quick charging” (Lilja 
& Olsblom, 2017). The quick chargers all have in common that they charge the batteries with 
both Alternating Current (AC) and Direct Current (DC) and the normal chargers charges with 
AC (Lilja & Olsblom, 2017). The electric grid delivers Alternating Current (AC) and therefore the 
power needs to be converted with a rectifier and directed through a power outlet (Lilja & Olsblom, 
2017). This is what a quick charger does and that is why it needs to be a stand-alone charger (Lilja 
& Olsblom, 2017).

3.7.1 Normal Charging
The most common way to charge EV’s at home today is through normal charging (See Figure 11) 
(Lilja & Olsblom, 2017). The normal charging uses regular household outlets to fully charge the 
battery (Lilja & Olsblom, 2017). With a longer charging time than in quick chargers due to the low-
er charge power processed (Lilja & Olsblom, 2017). A normal charger can use anything from 100 
V/15 A (14 hours charging time) to 200 V/15 A (seven hours charging time) (Chan & Chau, 1997).

Type 1 (SAE J1772)
The standard used for normal charging in the US and Japan is called Type 1 (Karlsson, Koch & 
Wangenborg, 2016).  The Type 1 charger can handle the maximum of 32 A AC, multiplied with 230 
V of single-phase voltage (Karlsson, et al., 2016).

Type 2 (Mennekes)
The standard used for normal charging in Europe is called Type 2 (Karlsson, et al., 2016).  A Type 
2 charger can handle a maximum of 70 A AC and 230 V single-phase or 63 A AC multiplied with 
400 V single-phase (Karlsson, et al., 2016).

3.7.2 Quick Charging
The Quick charger is the most common charger away from home, due to its quick charging time 
(Chan & Chau, 1997). It can charge battery’s to 80% state of charge in just 30 minutes (Chan & 
Chau, 1997). Differentiating from the normal charger which connects to a household outlet, the 
quick charger is a stand-alone type (Chan & Chau, 1997).

There are multiple types of Quick chargers available today (Jar, Watson & Miller, 2016). The two 
major competing standards for rapid DC charging is the Japanese standard CHAdeMO, and the 
two types of Combined Charging System (CCS), which are the standards in Europe respectively 
the US. (Jar, Watson & Miller, 2016; Karlsson, et al., 2016; Haddadian, Khodayar & Shahidehpour, 
2015; Hollunder, 2016)

Figure 10: Different Types of Charging Standards

Theoretical Framework - Function23 24Theoretical Framework - Function



In addition to the CHAdeMO standard and the two CCS standards, there is also the Tesla Super-
charger (See Figure 12) (Hollunder, 2016). However, there are implications that Tesla’s cars might 
be compatible to CCS in the future (Hollunder, 2016). Due to that Tesla joined the CharIN e.V. 
Association in April of 2016 (Hollunder, 2016).

CHAdeMO
The Japanese CHAdeMO standard outlet can transfer power up to 50 kW (400 V multiplied with 
125 A) and has a maximum current of 200 A (Hollunder, 2016; Karlsson, et al., 2016). It can, there-
fore, provide charging power up to 160 kW using a nominal voltage of 800 V (Hollunder, 2016; 
Karlsson, et al., 2016).

According to Hollunder (2016), members of the CHAdeMO Association are Mitsubishi, Nissan, 
Toyota, Peugeot, Citroen, Tesla, Mazda, Hyundai, Volvo, Suzuki, Subaru, Daihatsu and Honda.

CCS
CCS is a charging station that alternates regular AC charging with fast DC charging all in one 
(Daubitz & Kawgan-Kagan, 2015). There are, as mentioned earlier, two types of CCS standards. 
Combo 1 is the standard used in the US and Combo 2 is the standard used in Europe (Montoya, 
Martínez-Lao, Torres-Moreno, Manzano-Agugliaro, Barón, 2016).

Combo 1 - The Combo 1 connector is similar to the previously described normal Type 1 charger, 
but the connector has an extra pair of terminals for DC recharging and it can handle voltage up to 
500 V, with currents from 80 to 200 A (40-100 kW)(Montoya, et al., 2016).

Combo 2 - The Combo 2 connector is similar to the previously described normal Type 2 (Men-
nekes) charger, but it has an extra pair of terminals for DC charging (Montoya, et al., 2016). This 
charger can handle everything from 4 up to 500 V and 200 A is allowed (Montoya, et al., 2016).

According to Hollunder (2016), members of the CharIN e.V. Association are Audi, BMW, Daimler, 
Ford, Opel, Porsche, Volkswagen, Faraday Future, Fiat Chrysler, Renault and Volvo.

3.7.3 Modes of charging
In addition to the different charging type standards, charging can also be divided into charging 
modes depending on how the connection to the electric grid is executed (See Figure 13). These 
modes are described in IEC:s standards and Svensk Energi (2014) has an overall description of each 
mode. According to Svensk Energi (2014) the different modes are the following:

Mode 1 (AC)
This is the most simple mode, where the charging cable is directly connected to a household outlet. 
Not an outlet that is especially intended for electric vehicles. If the outlet has an RCD no additional 
installations need to be applied to the outlet. 

The charging has a maximum current of 16 A and voltage of 250 V, single phase or a maximum of 
480 V, 3 phase.

Mode 2 (AC)
Mode 2 charging also utilize standard outlets at home, but in this case a there is a control box 
mounted on the charging cable. Which has RCD switches and special components for monitoring 
the cable between the box and the vehicle. Therefore mode 2 charging is much safer than mode 1 
as it guarantees that necessary components are installed, provided that grounded electrical outlets 
are used.

Figure 11: (To the Left, Top) AC Chargers

Figure 12: (To the Left, Bottom) Tesla Supercharger
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The charging has a maximum current of 32 A and voltage of 250 V, single phase or a maximum of 
480 V, 3 phase.

Mode 3 (AC)
The safest mode of charging today is mode 3 charging. In mode 3 special gear is required both on 
the outside and by the EV inlet. This is a stand-alone charger that is permanently installed to the 
electric grid. Mode 3 also has control of the PE conductors and charging current, only powered 
when both cables and vehicles are connected and are ready for charging.

Mode 3 can advantageously be used with 3 phase systems, in order to achieve high charge power 
or a more even strain between the phases. This mode is placed in public locations.

Mode 4 (AC + DC)
Mode 4 is the most advanced mode, connecting the electric vehicle indirectly to the main electric 
grid via an installed stand-alone charger. This mode uses DC charging with a cable that has com-
munication capabilities for charging control.

This kind of mode is usually found for charging of EV’s in the industry and for quick charging at 
public places.

3.7.4 Legislations
The projects design solutions might be limited by current legislations. Hence, legislations are nec-
essary to know.

According to Elsäkerhetsverket (2014), there are no specific laws solely for charging infrastructures. 
However, there are still some laws and legislations that concern certain parts of the charging infra-
structure. These are according to Elsäkerhetsverket (2014):

• Electricity Act (1997:857)
• Electricity Regulation (2013:208)
• High current Regulation (2009:22)
• Electric installers Regulation (1990:806)
• Regulation (1993:1068) concerning electrical equipment
• Elsäkerhetsverkets Regulation (2000:1)
• Elsäkerhetsverkets Regulations on general advice (2008:1) on how electrical power infra-

structures should be constructed. Altered through ELSÄK-FS 2010:1
• Elsäkerhetsverkets Regulations on general advice (2008:2) on warning marking at electric 

infrastructures. Altered through ELSÄK-FS 2010:2
• Elsäkerhetsverkets Regulations on general advice (2008:3) on the proprietor’s control of 

electrical power infrastructures and electrical devices. Altered through ELSÄK-FS 2010:3
• Regulation (2007:215) for exemption from the requirement for online concession pursuant 

to the Electricity Act (1997:857) Altered through SFS 2013:4

The theory on charging was crucial for this project, for without it there would not have been an 
sufficient understanding to design the chargers.
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Figure 15: (To the Left) Form Exercise Method & Implementation29 30

4.1 PROCESS
According to Dym, Agogino, Eris, Frey and Leifer (2005) “the design process is itself a complex cognitive 
process” (p. 104).  A design process oversees the progress of each individual design activity relative to 
the design targets and specifications (Ulrich, 1995).  A design process also works as a highlighter of 
the creation, assessment, selection and the realization of ideas (Dym et al., 2005).

To make this project as flexible as possible, it has followed a fluid phase process with the phases 
Immersion, Ideation and Implementation. The phases in the process will largely intertwine and 
overlap to make it easy to use, as new aspects of the project emerges (An illustration of the process 
can be seen below in Figure 14). 

The process is largely based on IDEO’s Human Centered Design Process (IDEO, 2015), but has 
been tweaked to suit this project’s needs. For example, there will be workshops held in every phase 
of the process, since the thesis student works alone and will need as much input as possible through-
out the project. 

IDEO’s Human Centered Design Process phases are not as intertwined as the chosen process phases 
and its phases contain slightly different steps in each phase. The Human Centered Design Process 
phases are Inspiration, Ideation and Implementation. In the created process for this project each 
phase contains the following:

• The Immersion phase lays out all the groundwork for the project; gaining an understanding 
of the problem, benchmarking competitors, observing users, gathering necessary knowledge 
and further defining the problem. 

• The Ideation phase will generate and refine solutions; Brainstorming ideas, combining/clus-
tering ideas and making early prototypes. 

• The Implementation phase will help to implement the solution; commencing the more ad-
vanced prototyping, evaluating those prototypes and compiling the outcome.

             

4.2 PROJECT PLANNING
According to Cardozo and DeVilliers (2003) “planning is a difficult, creative activity that involves jug-
gling with many variables until the circumstances, objectives, and actions are in equilibrium” (p. 1). Project 
planning estimates the size of the project, producing a schedule and negotiating commitments 
(Derguti, 2017). A project plans goal is to assess time and necessary resources, providing a frame-
work for management and control review (Derguti, 2017).  A Project Plan is usually the outcome 
of the planning and it should satisfy the constraints in the project (Cardozo & De Villiers, 2003). 
Project planning aims to coordinate decisions that will make a difference on the project, helping to 
achieve the objectives of the project, created by a structured and logical process of thinking (Apple-

4. Method & Implementation
According to Trichet and Tchounikine (1999) “a method is defined by the results 
it produces, the context in which it can be fired and the knowledge required for 
its achievement” (p. 8). It can complete a task or divide a task into other tasks 
and if known, a description of relevance should be added to the method (Trichet 
& Tchounikine, 1999).

In this method chapter, initially, the process project planning is covered, fol-
lowed by a description of all the methods used in each phase of the project, 
ending with a method discussion. 

Figure 14: Illustration of the Process
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ton, Bibby, Entwistle, Davis, Dunn, Flinders, ... & Mitchell, 2003).

During the first week of the project, a project plan and Gantt Chart was created to gain further 
understanding of the project and its deadlines. Gantt charts can be useful for displaying schedules 
(Wilson, 2003). It is a common model to use that visually displays a very comprehensive picture of 
the different phases and milestones in the project (Maylor, 2001).

The Gantt Chart, seen in Figure 16, is color coded as in Figure 14. The deep dark green represent-
ing the Immersion phase, orange representing the Ideation phase and light green representing the 
Implementation phase. There are also some gray circles that represent hand-ins and presentations 
that are mandatory for the thesis work. Each circle represents a deadline date of the activity that 
spans horizontally along the line. The deadline date being the date were the deliverables in each 
activity is to be completed.  The deliverables, method and contributions are further explained under 
Immersion, Ideation and Implementation. The chart is to be updated throughout the project and 
work more as a guide, rather than a locked chart. Except for the gray dates which are set

A project plan was also created on the website Trello (See Appendix F) so that the supervisor at Lu-
leå University of Technology is always able to see how the project is coming along. At Trello as well 
as in the Gantt chart all deadlines will be updated throughout the project. Trello also has an easy 
color coded labeling feature, that makes it easy to see which parts of the project that are completed. 
The color green will represent complete, yellow almost complete and red unable to complete. 

4.3 IMMERSION
The following paragraphs explain the methods that were used in the initial part of the thesis proj-
ect; How the necessary theory was collected and how the context of the project was researched 
(focusing on the needfinding), ending with how the Requirement Specification was completed.

4.3.1 Current State
To thoroughly and systematically analyze the current situation a current state analysis is conducted.  
A current state analysis acts as a basis for the requirement specification in a project (Salonen, 2017). 
In a current state analysis, information is collected regarding needs of the project, helping to under-
stand the issue at hand (Salonen, 2017).

As previously stated a current state analysis helps understand the problem, the state in which the 
project is at and relevant surrounding factors. That is precisely why this analysis was conducted, to 
illuminate the needs for the designers in the product development process. Which is what need-
finding is all about, according to Patnaik and Becker (1999). As mentioned before it is, according to 
Zhang and Chen (2012), important to meet the user’s unmet needs.

Information Gathering 
First, in the current state analysis, a information gathering was completed, using Internet and li-
braries. Pamphlets from a fair on electric vehicle charging also provided knowledge in this phase.  
Information gathering is central in learning about a product or science in general, where the goal 
is to effectively reduce uncertainties about an underlying hypothesis (Chen Hassani, Karbasi & 
Krause, 2015).

This information gathering was created to gather information about how the use of electric boats 
has evolved. In this case, the search engine Google was the biggest help.

Field Studies
The second step in the current state analysis was to complete field studies mainly at harbors. Ac-
cording to Norman and Orlady (1989) “field studies are a window on the real world” (p. 37). Field 
studies can be a meticulous task, but a completed field study observation can easily be transformed 
into recommendations (Helander & Nagamachi, 1992). 

This field study was completed by visiting over forty different harbors/docks and several charging 
stations for cars, taking notes during the visits about the current state of the harbors/docks.  All the 
field studies were necessary because as mentioned earlier in the theoretical framework Faste (1987) 
makes it clear that if a needfinder does not relate in a personal way it is rare that the needfinder will 
see the need. This was one crucial part of the needfinding process, to relate to the situation at hand, 
due to the lacking of own needs in this particular case. As Pantofaru and Takayama (2011) explains 
needfinding is about entering the user’s world.

Stakeholder Analysis
The last step in the current state analysis was to analyze the stakeholders since it is not only the 
users who dictate the outcome of the solution in this project but rather all stakeholders. How much 
impact each stakeholder has and who they are is what has been evaluated in this stakeholder analysis. 

A stakeholder analysis is defined as a process that defines aspects of a phenomenon, identifies cur-
rent or future affected people/organizations of this phenomenon and prioritize the people/orga-
nizations part in the decision-making process (Reed, Graves, Dandy, Posthumus, Hubacek, Morris, 
... & Stringer, 2009). According to Brugha and Varvasovsky (2000) “Stakeholder analysis can be used 
to generate knowledge about the relevant actors so as to understand their behavior, intentions, interrelations, 
agendas, interests, and influence or resources they have brought - or could bring - to bear on decision-making 
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processes” (p. 239). Which in turn can be used to facilitate implementation of decisions and objec-
tives or to assess the feasibility of future directions (Brugha & Varvasovszky, 2000).

Participants and Industry
To analyze the participants roll in the project a discussion was held with the participants, mainly 
with No Picnic. Further information was then obtained by conducting Internet searches. To ana-
lyze the Industry’s (Competitors & Suppliers) impact, again the participants were consulted. Due 
to that in this case, the participants and industries are largely intertwined as one big stakeholder 
group. Which restrictions that are given to No Picnic by the industry and how other competitors 
influence them was analyzed as well.

Customers
To analyze the Customers, who would be the customer first had to be established. This was done by 
looking at similar business models and comparing it to this particular situation.

Users
To analyze the users a user analysis was completed. A user analysis help formulate the user re-
quirements specification (Damodaran, 1996). A user analysis involves a systematic user analysis, to 
provide a basis for the criteria on which to assess the acceptability of a product (Damodaran, 1996). 
It is completed by collecting information about the users and the tasks they perform (Damodaran, 
1996). Without a user analysis, assumptions about the characteristics of users and their work will 
have to be made, which are likely to be inaccurate (Damodaran, 1996).

According to Damodaran (1996), some sufficiently thorough user analysis questions are: 
• Who will be affected? 
• Is it possible to identify just two or three main user categories? 
• What are the characteristics of people in each user category? 
• What are the characteristics of the task performed by each user category? 
• What do different users like and dislike? 
• How are the different users likely to react to the system?

This user analysis was completed by several participant observations (See Figure 17 for an example) 
of the users at over forty different harbors/docks. In a participant observation, the observer first 
observes the users of the study to see how the users act in their regular situations/daily life (Becker, 
1958). The observer then enters into conversation with some or all of the users and ask how they 
interpreted the events observed (Becker, 1958). The participatory observation is in reality just a way 
to use Patnaik and Becker’s (1999) four stage process for uncovering the needs of users. As it is in 
practice an almost identical process. That is why the participatory observations were ideal in this 
project.

Society
To analyze the society’s impact, a research on similar projects was used. Then, connections between 
the cases were made, to see what might be relevant in this project and what similarities may exist 
between the cases.

The deliverables in the current state was a knowledge base for the reader, presented in the context 
chapter, under the title current state. The complete current state analysis served as a base of under-
standing, in the project, to define the requirement specifications.

4.3.2 Literature Review
A relevant literature study is an essential feature of any academic project. An effective review works 
as a foundation for advancing knowledge and it facilitates theory development (Webster & Watson, 
2002). A literature review/study should offer a rationale for conducting future research (Cronin, 
Ryan & Coughlan, 2008). A literature review provides the reader with an understanding of cur-
rent knowledge and the significance of new research (Cronin, et al., 2008). It can identify gaps in a 
body of knowledge, helping the researcher to define research questions or hypotheses (Cronin, et 
al., 2008).

To collect relevant data to complete this project a literature study, consisting of multiple scientific 
articles, was completed. In the case that there were no appropriate articles available for a specific 
subject, some books from multiple authors were used instead.

The articles in the literature review in this project were either about the subjects in the theoretical 
framework, as its main subject or as a secondary subject/mentioning. To find the articles the search 
engine Google Scholar was used. The searched words are listed in Appendix G. In Appendix G the 
number of articles reads for each subject is also listed. 

The deliverables in the Literature Review was a theoretical chapter with all necessary information. 
The articles provided a good foundation to deliver a scientifically valid result in the outcome of the 
literature review. It also contributed to the additional knowledge that was later used in the making 
of the requirement specification and in the ideation phase of this project.

4.3.3 Benchmarking
A good benchmarking can help companies to make an improvement within the organization or 
on newly developed products (Lankford, 2000). When using benchmarking you learn from others, 
by using their knowledge and experience and analyzing their strengths and weaknesses (Lankford, 
2000). It should not be mistaken for a copycat process, but rather a process for making improve-
ments within the organization (Lankford, 2000). Benchmarking should not be taken too lightly 
even though it is a quite simple concept (Lankford, 2000). It can range in difficulty from complex 
re-engineering to simple comparisons (Lankford, 2000).

Figure 17: (Below) User Analysis of a Mail Man
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This benchmarking was completed due to the novelty of the field of chargers for boats, making it 
necessary to scope out the competitors and gain inspiration from other similar fields.
The benchmarking was completed through several Internet searches and newspaper reads. On the 
web, two “Pin boards” were created, on the site Pinterest, containing links to the forefront concepts 
and products in the industry. One Pin board focusing on EV chargers and another on electric boats. 
The results were then summarized and explained in the context chapter, under the title Bench-
marking.

The deliverables in the benchmarking were two collages, one on electric chargers and one on elec-
tric boats. The benchmarking served as a huge inspirational stepping-board before the completion 
of the requirement specification and entering the ideation phase.

4.3.4 Requirement Specification
The requirement specification lists essential things which the product should/must do (Gilb & 
Finzi, 1988). According to Gilb and Finzi (1988), the “requirement specification should be written on one 
page, and in a consistent language” (p. 13). In a requirement specification, everything should be speci-
fied clearly and unambiguously, as targets not specified are hard to hit and unclear requirements can 
go equally wrong (Gilb & Finzi, 1988). When design concepts positive contributions outweigh the 
negative in the requirement specification it is a concept worth considering (Gilb & Finzi, 1988).

The requirement specification was completed to sum up the knowledge gained in the current state 
analysis, literature review and benchmarking. Making a clear list of the requirements needed in the 
design process will be of huge help when making design decisions in the ideation and implemen-
tation phase.

To create the requirement specification a workshop was held with No Picnic, to get input on re-
quirements regarding both need, design and function. The workshop worked in such a way that all 
information from the context was first presented then everybody had an open discussion regarding 
the requirements, guided by the thesis student. The information was then summarized and tweaked 
to suit this project.

The deliverables of the requirement specification was a list, containing all necessary requirements 
for the development of the new standard for the normal charger and the quick charger. The re-
quirement specification list then worked as a guide throughout the entire project. Simplifying 
design decisions.

4.4 IDEATION
The following paragraphs explain the methods that were used during the ideation phase; How the 
ideas were generated, how the selections were made and how the early concepts were developed.

4.4.1 Mood Board
According to Lucero (2012), “Mood boards are an idea development tool used by designers and their clients 
to communicate, think, and share their different views that emerge from the design brief while defining future 
products or trends” (pp. 438). Mood boards work primarily as the design team’s own inspiration (Lu-
cero, 2012). Where designers explore, communicate, and discuss ideas with their clients through the 
Mood boards (Lucero, Aliakseyeu & Martens, 2007). Usually created through image collages, Mood 
boards express emotions regarding products, tasks, or situations (McDonagh, Bruseberg & Haslam, 
2002; Lucero, et al., 2007). Mood boards visual output is usable during the entire designing process 
(McDonagh, et al., 2002) and they explore tangible topics related to the design problem, to create 
an overall delightful user experience (Lucero, 2012). 

According to McDonagh, et al. (2002) the benefits of a Mood board are:
• Inexpensive to generate 
• Communicate beyond linguistic restrictions
• Provide visual stimuli and inspirational material
• Designers can use it to stimulate thoughts and emotions
• It can be a valuable tool for boosting user interaction

According to McDonagh, et al. (2002) the limitations of a Mood board are:
• Often misunderstood and can be too literal 
• Requires availability of suitable images
• Relies upon abstract forms and identifying nonverbal communication
• Users may resist the technique due to unfamiliarity

The Mood board in this project was created to gain a common perception of the desired moods/
key words of an E-Sea product in a marine environment.

The Mood board was created by collecting pictures by browsing through magazines and complet-
ing Internet searches. Then the best pictures were weeded out and composed in a collage contain-
ing the desired moods which the end products should convey.

The deliverables of  this method in the project was an A3 Mood board collage. The Mood board 
contributed to a common understanding of the desired attributes of the final products.

4.4.2 Brainstorming
According too Etling and Maloney (1995) brainstorming is an effective way to generate ideas and 
gain involvement by the whole design team. When done correctly everyone’s ideas are contributed 
to the whole and there are no losers, no one is embarrassed and it is fun (Etling & Maloney, 1995). 
It works because it encourages everyone to contribute and emphasis on that no ideas are bad ideas 
(Etling & Maloney, 1995). In brainstorming everyone can contribute towards a common goal, pro-
ducing as many ideas as possible, regardless of their skill level and prestige (Etling & Maloney, 1995). 
When a time limit is imposed brainstorming can make participants to blurt out great ideas (Etling 
& Maloney, 1995).

To make the most out of a brainstorming session it must, however, be done carefully (Etling & Ma-
loney, 1995). Furnham (2000) has developed a number of rules to ensure that a brainstorming ses-
sion is done correctly. However, Furnham (2000) points out that the brainstorming session should 
not be over-structured by following any of the rules too rigidly. 

Furnham’s (2000) rules are:
• The group size should be around 5-7 people to maximize the productivity
• No criticism is allowed
• Freewheeling is encouraged
• Quantity and variety are very important
• Combinations and improvements are encouraged
• Notes must be taken
• Early ideas should be edited for duplication and categorizations

The brainstorming was a crucial part of this project to quickly generate multiple ideas. As the thesis 
project has been created alone, it was very important to gain input and help from others in the 
ideation phase. Otherwise, it can be difficult to get a wide span of ideas.

The brainstorming has been conducted both individually and in groups, but mostly in groups. 
The individual brainstorming was conducted in-between the group brainstorming to gain more 
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thoughts and an own perspective on the problem. The group brainstorming was completed during 
three different workshops, on three separate occasions with three different groups. The first work-
shop group contained design students, the second group contained people from a heterogeneous 
background and the third group contained established designers. This was to get a wider range of 
ideas than when only using one type of participants. More about the participants in each group 
can be seen in the Result chapter under Brainstorming. The workshops were two hours and thirty 
minutes long each, including coffee brakes, containing five different brainstorming methods (For 
an illustration of the workshop plan and the idea generation depending on time see Figure 21). The 
brainstorming sessions followed Furnham’s (2000) rules as much as possible, all the while encour-
aging creativity and creative solutions. 

The brainstorming was mostly focused on quick chargers, but not limited to the quick chargers 
alone, as all ideas are welcome.  However, since the end products are supposed to be in a common 
product series, the assessment was made that it is easier to start with the quick charger and then 
make an adapted normal charger. This due to that the quick charger has more restrictions regarding 
manufacturing and more parts to be included. Below the different brainstorming techniques used 
are further explained.  

Word Association
The brainstorming workshops started with a 30-minute session of word associations. During the 
word association, six random words wore drawn from a bag one at a time. For each word, the par-
ticipants were told to draw a complete boat charger or charger function that they associated with 
that word (See Figure 18). Each word had a drawing time limit of two minutes followed by a short 
explanation of the result at the end of all the words. The word association was the first brainstorm-
ing session so that the participants had the opportunity to open up their creative minds and limit 
narrow-minded thinking.

Brainwriting
Then a session of brainwriting was completed. During brainwriting, first the participants draw 
three separate ideas of a charger on a paper  for five minutes, then the paper is passed on to the next 
participant that has to build on the previous participants three ideas for an additional five minutes 
and then lastly the paper is passed on one last time and the participants have to add on to the ideas 
previously generated on the page for five minutes. After the fifteen minutes were passed all the ideas 
generated were explained (See Figure 19). The ideas were not explained in between to allow the 
participants to have their own interpretations of the ideas drawn.

Visual Association
The third session of brainstorming worked similarly to the first. But here instead of words pictures 
were shown to draw associations from or on, including among others the pictures from the mood 
board. In total there were six pictures each with a time limit of two minutes and a short explanation 
following at the end of all pictures. The visual association had the aim to develop ideas especially 
associated to Sweden, its archipelago and the environment. As this was one of the requirements in 
the requirement specification; That it should suit in today’s marine environment in Sweden.

Form
After a longer coffee break, a brainstorming session focusing on form was held. Here the partic-
ipants were told to draw a charger idea/concept based on three different 2D shapes; a triangle, a 
rectangle and a circle. Each shape had an idea-generating time of two minutes each, followed by a 
short explanation at the end (See Figure 15).

Regular
Lastly, a regular open brainstorming session was held, where all the participants could write down 
or discuss any idea they want, functions, designs or complete concepts (See Figure 20). This was 
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Figure 18: (To the Right, Top) Word Association

Figure 19: (To the Right, Bottom) Brainwriting

Figure 20: (To the Right, Bottom) Regular Brainstorming
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held last so that any ideas that the participants gained during the workshop was able to get out 
during this last session. It was also held last so that the participants had use of the inspiration/out-
comes from previous sessions. The brainstorming session was completely free with no restrictions 
and only guided by the workshop facilitator. 

The overall short amount of time given during the brainstorming exercises was to make the partic-
ipants blurt out the first thing they thought of and not give them enough time to make the ideas 
to specific. 

The general deliverables from the brainstorming was a large idea/concept base, to then combine 
and cluster concepts from. The brainstorming exercises contributed to a large variety of ideas that 
would probably not have been possible to create on one’s own.

4.4.3 Cluster & Combine
According to Nijstad, Stroebe and Lodewijkx (2003), a clustering of ideas should be made in the 
ideation. Clustering is essential since it turns hundreds of ideas into a manageable number of groups 
of ideas, by clustering ideas which are closely related (Wind & Saaty, 1980).  A way to define a clus-
ter is that it is a sum of subsequent semantically similar ideas (Nijstad, et al., 2003).

As a huge pool of ideas can be hard to handle, the ideas had to be structured in some way. To struc-
ture the idea pool clustering was used. As previously mentioned in the theoretical framework, Sand-
ers (2001) considers creativity as combining ideas in new ways, combining previously unrelated 
ideas or making entirely new connections among ideas. Therefore when completing the clustering 
method a combining of ideas was also done.

The ideas were first all looked through together with an outside participant to see if there wore 
any common ground between the ideas from the three different workshops. Then ten groups were 
completed by clustering and combining ideas into concept groups. This was done by first placing 
out all the ideas generated on walls around a room and then one by one placing them in the correct 
group. Then each group was looked through to see if any mistakes were made or if any ideas were 
suitable for multiple groups. In addition to the ten concept groups, a group strictly for functions 
was also made.

The deliverables in this step of the process was ten big concept groups identified during the early 
ideation. The primary selection made the large range of ideas much easier to grasp and served as a 
big help in the early prototyping when a concept for each group was designed.

4.4.4 Sketching
In a engineering design process sketching is a indispensable part (Yang, 2009). It is one of the most 
substantial activities when designing new products (Rodgers, Green & Mcgown, 2000). Sketches 
can be used to gain an understanding of the designer’s mode of thinking in the design process 
(Rodgers, et al., 2000) and they are a sensible forerunner to prototyping (Yang, 2009). Designers 
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Figure 21: Workshop Plan

make sketches from design concepts/ideas to communicate with themselves and with others (Rod-
gers, et al., 2000).

Sketching was used in this phase of the process to compile a single sketch for each concept group 
from the previous step. This was crucial to make the selection process equitable. Due to that the 
sketches from the different workshops were ranging in nicety and thoughtfulness. The sketching 
also made sure that the projects other participants had an insight into what the outcome of the 
workshops were and what the directions the concepts were taking.

Each concept group was first given half a day’s consideration. Then a concept sketch was completed,  
with sketching markers, on each resulting concept from each concept group. This was completed 
mostly individually but with ongoing input from other designers. 

The deliverables from the sketching was a completed concept sketch for each concept group from 
the previous step.  This contributed to a fair selection process, based on equally thoughtful and 
thoroughly completed sketches of each design concept group.

4.4.5 Selection
According to Lidwell, Holden and Butler (2010), “Hick’s Law states that the time required to make a 
decision is a function of the number of available options” (p. 102).  If this is true it’s a good thing that the 
concepts were narrowed down to ten concepts before the selection workshop was held. In well 
organized and functional teams, selections should be unanimous or at least made in consensus, 
for sufficient support in future work (Johannesson, Persson & Pettersson, 2013). Johannessonet al. 
(2013) points out that a selection can have several difficulties even though it can seem relatively 
straight forward. 

Some of these difficulties are:
• The value of a solution can be affected by multiple objectives/attributes
• Different objectives/attributes have different levels of significants
• Different participants value objectives/attributes differently
• Some objectives/attributes must be measured qualitatively and not quantitatively 
• Complete information about concepts might be missing

A selection had to be made at this point since it wasn’t tenable to develop prototypes for all the 
concepts. The selection was also made to keep the project on the right track and include the proj-
ects other participants.

The selection process was completed through a workshop, including all vital participants in the 
project (Initiators of the project, managers, designers). At the workshop, the participants were first 
presented with the concepts generated. Then the participants completed the three following selec-
tion methods and after the workshop, the results were then compiled.
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Pro’s & Con’s
During the first method, the participants were asked to write down all their Pro’s and Con’s of 
the different concepts individually in silent, on post-it notes, that was then placed on the concept 
concerned (See Figure 22). This was done in silent so all participants gained there own perception 
of the concepts. A Pro note gained one point and a Con note generated a minus point. During this 
exercise, the participants were also asked to write down there three favorite concepts. That gained 
additional points depending on their placement.

Scoring Matrix
During the second method the participants were asked to rank concepts with respect to the objec-
tives by placing small images of the concept in the order they considered correct (See Figure 23). 
The  concept that ranked the best gained the most points (10 points) and the worst the least amount 
of points (1 point). The objectives in the scoring matrix were Accessibility, User Experience, Cre-
ativity, Ergonomics and Feasibility.

Murder Cluster
A clustering has already been done but to find out if the concepts generated could be combined 
further, a so-called Murder Cluster was completed in an open group discussion. This method was 
inspired by a similar method done by Rondahl and Larsson (2017), drawing parables to murder in-
vestigations done in movies. During the murder clustering, the participants connect concepts with 
red markers where they consider a combination is desired/possible (See Figure 24). 

Dot-Sticking
During the last method, the participants were given three stickers in the colors green, yellow 
and white. Then they were asked to place out the stickers on the concepts they liked the most 
(Green=Best, Yellow=Second Best, White=Third Best)(See Figure 25). Green dots gave the con-
cept three points, yellow two points and orange one point. This was done openly in a group so the 
participants were given the opportunity to alter their rankings after the previous discussions.

The deliverables from the selection process were three chosen concepts to further develop. This 
contributed to a reasonable amount of concepts to make prototypes on within the time-frame 
given.

4.5 IMPLEMENTATION
The following paragraphs explain the methods that were used during the final implementation 
phase; How the necessary restrictions were made, how the concepts from the ideation were proto-
typed, how the evaluation was carried out and how the final detail design was executed.

4.5.1 Design Restrictions
According to Johannesson, et al. (2013) design restrictions are used to sift out the allowed concept 
solutions from a range of solutions. So before the prototyping was initiated this was a crucial step. 

Some of the restrictions root from the quick charger for cars already created, as it is desirable to use 
some of the same parts to manufacture the quick charger for boats. Making it cheaper to manufac-
ture. However there are multiple restriction on the car side that result in expensive mechanisms that 
might not be needed here. The restrictions of reach and length also differ here. To figure out the 
necessary restrictions and needed components it has been done in two ways. By calculations or by 
consultations. The gestalt of the product also had to be thought through at this point.

The deliverables for this step in the process was a range of restrictions/requirements guides, needed 
to prototype desired/realistic prototypes. Which contributed to all prototypes being plausible.

4.5.2 Prototyping
Before an actual artifact or product is made a representation of the design is created, a so-called 
“Prototype” (Buchenau & Suri, 2000). Any kind of representation in any medium is defined as a 
prototype (Buchenau & Suri, 2000). A prototype is designed to convey understanding, to explore 
designs or to communicate possible human-machine interaction (Buchenau & Suri, 2000).

CAD, namely Computer Aided Design, refers to software programs that assist engineers and design-
ers, in a wide array of industries, to design and manufacture physical products (Slack–Smith, 2010). 
Products which range from buildings, aircrafts and cars to mobile phones, clothes and computers 
(Slack–Smith, 2010).

One of the barriers in this project was the size and cost to manufacture prototypes. To be able to 
explore ideas it was therefore deemed best to create the prototypes in a software rather than physi-
cally. This also made altering of ideas easier as it is very easy to quickly alter aspects of a design. The 
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prototypes were made to be able to evaluate the different design concepts thoroughly.

To create the it in this project CAD has been used, to be even more specific the softwares Solid-
works, Keyshot and Photoshop have been used. The softwares has throughout the process been 
combined. Solidworks has been used to build the prototypes shapes, Keyshot to evaluate material 
and colors and to render images of the prototypes and then Photoshop has been used to edit those 
images. The softwares has been used in loops, going back and altering functions, rendering pictures 
of those and editing the pictures, always circling back trying new ideas. 

Even though a lot of renderings has been done in this phase, the final deliverables of this phase were 
narrowed downed to three rendered concept groups of the quick chargers Elin, Helena and Danne.  
This contributed to having a sufficient basis for the evaluation and being able to show the concepts 
to all important participants in the project.

4.5.3 Evaluation
An evaluation of generated concepts is done to establish the concepts worth/quality, relative to 
the must and should demands in a requirement specification (Johannesson, et al., 2013). However, 
Johannesson et al. (2013) explains that in practice the evaluation can also often be done by less sys-
tematic methods, such as intuition/”gut feeling” or heuristic evaluations. 

To be able to focus all energy of the detail design work on just one concept, an evaluation was an 
important step to take. Since it would not have been justified to further work on all the other con-
cepts that will not be implemented. An evaluation was done to make sure that the products usability 
reaches the desired usability grade.

The evaluation was completed through both Heuristic evaluation, a evaluation towards the require-
ment specification and a evaluation based on “gut feeling”.  The methods were completed in a small 
workshop (See Figure 27) with the most necessary participants in the project (Initiator of the E-Sea 
project, Project Manager of E-Sea and No Picnic, Supervisor at No Picnic and Thesis student).

The deliverable here was a quick charging concept variation. This contributed to a quick charger 
that could be fully designed in the detail design step and also be turned into a matching normal  
charger. 

4.5.4 Detail Design
The detail design or detail construction is the final step in a product development project, with 
the anticipated result being complete information for the making of the product (Johannesson, et 
al., 2013).  In this step of the process the chosen concept solution is to be further developed into a 
functioning product (Johannesson, et al., 2013).

The detail design was used to get the desired end result of the project, making sure that the end 
result is detailed enough for the making of the charger.

The detailed design used the same software loop as in the prototyping; Solidworks to Keyshot to 
Photoshop and then back again to Solidworks. However, during this step the quick charger was 
fully defined with measurements and all components were built. Alongside the design of the quick 
charger a matching normal charger was also designed. In this phase materials and colors were also 
selected (See Figure 28). In addition to Keyshot another rendering program called Maxwell was 
used to test the efficacy off different reflectors and materials in the lamp. This was done in Maxwell 
since it gives a more accurate result of how light bounces compared to Keyshot.

The deliverables of the detail design was the final result of the thesis work. Which contributed to 
the end discussions and conclusions drawn in the project.
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Figure 27: (To the Right, Top Right) Evaluation Workshop

Figure 28: (To the Right, Bottom) Color Samples
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4.6 METHOD DISCUSSION
Since the aim of this project was to develop a set of new chargers, used in a completely new context, 
it was important to for me to choose the right methods. Due to that there aren’t any users of this 
product yet and it is a completely new and unexplored field; The field of electric boat charging. This 
is what made the project so complex.

The process that I used, helped the project along significantly. It wasn’t too restrictive, giving room 
for changes along the way, while it still gave guidance on possible methods to use. When user expe-
rience is such a large focus in a project it is common to use a Human Centered Design process and 
for this project, were the user group wasn’t yet established, the tweaked version was the best possible 
option. Eliminating the user tests, but still maintaining the other important parts of the process.

The immersions first part was the current state analysis, which I believe is essential to any project, 
but even more so in this project since there I had no previous knowledge on the field before the 
project started. The current state analysis worked significantly well do to the theory on Needfinding 
which led the project along. The stakeholder analysis, however, might have given mostly insight to 
outsiders, but for all the people involved in the project, the result was not of that much novelty. 
The complete current state analysis, though, I think is very reliable due to the many harbors visited. 

The Literature Review was the second part of the immersion phase. The Literature Review is a 
must in any master thesis and here I could not have done anything that much more different. The 
Literature Review was done in a very structured way, which makes it easy to follow and ads cred-
ibility to it, while the time frame given for completion made it perspicuous, not adding too much 
information. 

The third part of the immersion phase, the benchmarking, was very good for the ideation since 
this is one of the methods in the immersion that gained most inspiration. If done again, however, 
I would have skipped the benchmarking on electric boats. This because the time it took did not 
completely weigh up to the contributions to the project, according to me. Here I think it would 
have been best to focus all the energy on boat chargers instead.

The last part of the immersion phase was the Requirement Specification. I think this step was hard 
to complete, as the project was not that restricted at this stage. A requirement specification is usually 
a must in any project, but in this project, it served more as a guide than a real requirement specifi-
cation. This was necessary since if it would have been followed point to point some concepts would 
not have been developed and important realizations might have been missed. However, I think the 
loose use of the list might reduce the reliability of it in the project. If used again, I would have made 
fewer requirements, making sure that only the absolute necessary requirements were written down.

The ideation phase started off well with the making of the Mood Board. Mood Boards can be 
difficult to use since images could be interpreted differently by different people and correct images 
can, therefore, be hard to find. But in this project, I believe it worked very well since all the project 
members had a final say in the look of the board. Not just me. This made sure that the project team 
had a common perception of the wanted look and due to that this was the aimed purpose it served 
its goal. The Mood Board was, therefore, the perfect visual aid for the project at this stage.

The second and biggest part of the ideation was the Brainstorming. I think the Brainstorming 
worked exceedingly well, for without it there would be no final design. Brainstorming is com-
monly used in all design projects. It’s just how it’s used that can affect the project’s reliability. How 
I made use of multiple groups, with different experience, during several occasions, with several 
brainstorming techniques was what made I think makes this brainstorming so reliable. The way the 
brainstorming was completed, secluding the participants from outer biases to the utmost extent, 

then further contributed to the brainstormings reliability. Something I consider really interesting 
was the similarity in between the three brainstorming groups ideas. Which I think could indicate 
that the brainstorming upheld its reliability through all workshops. If I did this step was once again 
I would have done it in exactly the same way.

The third part of the ideation, the Cluster & Combine step, could have been easily tweaked to gain 
my unconscious wants. This is why I included an outsider with no individual preferences to partici-
pate in the exercise. This way the well-needed exercise could be completed without compromising 
the result. This step also made the next step possible, for, without it, it would have been impossible 
to handle such a large range of ideas.

I think the fourth step in the ideation phase is a given in any design project. All design projects 
need sketching to some extent. This step worked well even though it was sometimes difficult to just 
sketch one sketch per category. Using only my sketches made sure that the concepts were compara-
ble, gaining validity to the selection. However, there is always the possibility that some sketches I did 
were harder to understand than others, giving an unfair advantage to the easier understood sketches.

The last step of the ideation was the selection. A selection process can as mentioned earlier contain 
difficulties. However, this selection process worked very well according to me as new realizations 
were made due to this and the selection methods used were easily combined into a common com-
parable result. A problem with selections can be that a switch of a placement score could change 
the entire outcome of the selection.  But since the fourth runner-up was so far behind I think this 
should not be a problem, as scores could have been tweaked without affecting the final result.

The first part of the Implementation was the Design Restrictions. I believe this was the most 
difficult part of the entire project due to the complexity of the construction of the quick charger 
arm. As I cannot show inner components and constructions in this thesis it was hard to explain the 
results in a comprehensive way. Nevertheless, this step was important to be able to construct the 
chargers. The only thing that I could in foresight have been skipped here was the gestalt mind-map, 
as it was not used as much as I would have expected.

The second step of the Immersion phase was the Prototyping, which is a must in a product devel-
opment project. The prototyping worked very well even though I used software that I had never 
used before. However, it worked surprisingly well and I will defiantly be using it for future projects. 
During this step, everything went relatively smoothly according to me. The only problem was the 
perception of size, when not making a physical model (Due to size, lack of time and costs). I solved 
this by using numerous rulers by the computer and comparing measurements of similar real-life 
objects, as I went along.

The third step of the Immersion phase was the Evaluation. The evaluation was completed in a way 
which I think was the best possible way, evaluating the concepts on equal terms. In this step, the gut 
feeling made a large impact. However, in this project, it seemed like the best possible way, when I 
could not involve any users, due to confidentiality reasons. If done again I would have completed it 
in exactly the same way, even though it might have affected the reliability.

The last step of the Immersion phase and the final step of the project was the Detail Design. The 
Detail Design went above all my expectations and the outcome is really something I am proud of. 
With the help and insight of the No Picnic and E-Sea colleagues, the projects last step went great. 
The reliability of the last step is tenable into the last detail since I have given all details a great deal 
of work and thought. All the components cannot be shown in this thesis but the construction of 
them were all thoroughly thought through. The renderings of the models in Keyshot and Maxwell 
also went great even though it has been a very time-consuming task. I would have done nothing 
in this step differently if done again.
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5.1 IMMERSION
The results of the Immersion phase is both the material presented in the context and theoretical 
framework chapters, as well as the requirement specification lists presented below.

5.1.1 Requirement Specification
From the Requirement Specification workshop several requirements that the product must/should 
contain/do emerged divided up in the areas need, design and function. Some of the requirements 
are only for the normal charger and some for the quick charger. Therefore it was coded for a easy 
overview. The N is for normal chargers, the Q is for quick chargers and the B is for both (See Fig-
ure 29).

5. Results
In this chapter, initially the result from all the deliverables, in the phases Immer-
sion, Ideation and Implementation, are explained. Then the chapter ends with 
an explanation of the final result of the project.

Figure 29: (Above) Requirement Specification Results
Figure 30: (To the Left) Result of the Prototyping

MUST SHOULD

Visualize availability (B)
Have heat/cool control (B)

Communicate with user during use (B)
House electronics (B)
Lift charging cord (B)

Eliminate tripping risks (B)
Manage different boat sizes (B)

Manage dropping/dipping of handle (Q)
Be able to reach several boats (Q)
Be able to maintenance charge (N)

Be non intrusive (B)
Facilitate for people with disabilities (B)

Communicate environmentally friendly (B)
Follow general color coding (B)

Have a well visible cord (Q)

Have lightning (B)
Last in a marine environment (B)

Be able to be handled by one person (B)
Reach charge contact when moored (Q)

Charge one boat at the time (Q)
Charge two boats at the time (N)

Be easy to use (B)
Have room for branding (B)

Suit in a marine environment (B)
Follow design profile of E-Sea (B)
Be rationally manufactured (B)

Avoid personal injury (B)
Be ergonomic (B)

Be easy to install (B)
Manage payment (B)

Have time indications (B)
Have release function of handle (Q)

Identify user (Q)
Lift charging cord from dock (N)

DESIGN DESIGN

NEED NEED

FUNCTION FUNCTION
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5.2 IDEATION
The results of the Ideation phase is presented in the following paragraphs. The ideas are mostly gen-
erated in the projects workshops, but then later edited and compiled individually. The final result of 
the ideation phase are three concepts for each charger generated through brainstorming, clustering 
& combining, sketching and selection making.

5.2.1 Mood Board
The first step in the ideation phase was to create a Mood board. The Mood board created, aims 
to convey the moods/key words Luxury, Eco-friendly, Sturdy, Archipelago and Electricity, all with 
Swedish design in the center. All moods/key words which the final products should convey. The 
moods are rooted in the result of the current state analysis, the benchmarking and the requirement 
specification. The completed Mood board can be seen in Appendix H.

5.2.2 Brainstorming
In the design student workshop, there were 4 design students from 3 different schools, 1 female and 
3 male, ranging in age from 24 to 31. In the heterogeneous group there were 6 participants with 
different background, everything from banker to journalist to bus director, 3 female and 3 male, 
ranging in age from 23 to 55. In the designer workshop there were 7 participants, all with a similar 
designer background working at No Picnic and all male, ranging in age from 36 to 53. 

From the brainstorming workshops and the individual work a great deal of concepts were gener-
ated. In total over 400 ideas written down and multiple ideas told orally. Ranging in novelty and 
realism, form and functions. An example on how one of the brainwriting sheets looked after the 
workshop can be seen in Figure 32 below.  One of the word association sessions final wall can be 
seen in Figure 31 and multiple ideas generated during the different workshops can be seen on the 
next spread (See Figure 33). 

At the end of this phase all the ideas were documented and organized, in preparation for the pri-
mary selection. An interesting observation gained in the different workshops is that no matter who 
participated, designers or participants from the heterogeneous group, similar ideas and idea cate-
gories arose even though the individual brainstorming exercises results differed. This was especially 
interesting due to the novelty of the field and the range in knowledge of the participants. The useful 
outcome of the brainstorming was probably a sanction of Furnham’s (2000) rules, mentioned in 
the method and implementation chapter. As the rules contributed to the open and encouraging 
environment that is according to Etling and Maloney (1995) desired in a brainstorming exercise.

ResultsResults Figure 31: (To the Right) Result of a Word Association

Figure 32: Result of the Brainwriting
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5.2.3 Cluster & Combine
The result of the primary selection was ten concept categories each containing a bundle of ideas 
from the workshop and an additional bundle of functions that might be useful in any of the cate-
gories. The categories were, in no specific order:

• Rail/Track
• Hidden/Under
• Docking
• Boom
• Arm/Post

• Over-hanging
• Island
• Multiple Cords
• Roll up/Pull out
• Dark Horses

5.2.4 Sketching
The result of the sketching phase was ten concept sketches, drawn with sketching markers, each 
inspired from one of the categories that was created in the previous step. All of the concepts can be 
seen in Figure 34 in the same order as the concept group list above. Below a short explanation of 
each concept can also be found.

Alice is a charger that runs along a rail/track 
making it easy to access from multiple boats.

Benke is a hidden charger solution that acts as 
bench as well as a charger.

Chris is a charging docking station, that con-
nects directly to the charging outlet. 

Danne works as a boom folding out over the 
boat.

Elin is a new type of charger arm which has a 
lamp that follows the user as it unfolds.

Finn is a over-hanging solution to gain easy 
access to the charger from bellow.

Göran is a modular charging island, which 
can house several different functions.
 
Helena unfolds to either direction, disguised 
as a lamp post when not in use.

Iris is a integrated piece of art leaning out 
over the docks edge to charge.

Johan is charging delivery system, where you 
order your charging to where ever you are.

The nature of the names of the concepts were to give the concepts a neutral name, not locking a 
concept to a form or function by the naming of it. Why they are not named just A to J or numbered 
from 1 to 10 is to avoid keeping it so general that the concept names are forgotten in the process.

5.2.5 Selection
The selection workshop resulted in a lot of input on each of the concepts and three “winning” 
concepts that will be further worked on. Each individual exercise was compiled and analyzed (Re-
sults from each exercise can be seen in Appendix I). Then the concepts placement scores from each 
individual exercise were added up into a total placement score (Highest Score = Best and Lowest 
Score = Worst) that can be seen in Figure 35. 

The result from the Murder Cluster exercise did not generate a placement score, but instead, it 
generated insights and opinions on possible combinations of the concepts. Here a very important 
conclusion was drawn; That Göran and Johan are not charging solutions, but rather marketing con-
cepts or future complete concepts. Therefore these concepts will not be further dealt with as they 
do not completely solve the charging problem. But these concepts will still be proposed as future 
possible concept solutions.

The concepts that will be further dealt with are the concepts in green in Figure 35 (Elin, Danne and 
Helena) and the two concepts that are orange (Göran and Johan) are the concepts that do not fully 
solve the charging problem at hand but will rather be proposed as future concepts in the recom-

ResultsResults Figure 34: (To the Right) Concept Sketches53 54



mendations. Finally, the concepts that are Grey are the concepts that will not be dealt with anymore. 

Some of the Con’s /comments that will have to be dealt with, which surfaced during the first ex-
ercise (for the winning concepts) are:

Danne
• Difficult to read the display if the mooring fingers rock.
• Big boats may have difficulty using it.
• Stability of mooring fingers/Floating capabilities.
• Is there any lock function?

Elin
• Interface far from the boat.
• Maybe hard to catch the cord if there is a lot of wind.
• Why a hinged folding arm?
• A little messy to use.

Helena
• The mechanism can be hard to figure out.
• The pole has to be really tall to hide the entire cord and the arm length must be considered.  
• How will it be attached to the dock?
• Might be expensive to manufacture.

5.3 IMPLEMENTATION
The results of the Implementation phase is presented in the following paragraphs. The implemen-
tation phase mostly consist of CAD work but it also includes some calculations and different eval-
uation methods. The final result of the implementation phase is presented under Final Design, but 
here the results leading up to the final design is explained.

5.3.1 Design Restrictions
The different design restrictions were divided up into Materials, Ergonomics, Force, Components 
and Gestalt. The result of each restriction group is explained below.

Materials
The materials used to create the charger has to be both reasonably priced and sturdy enough to 
last in a marine environment. A smart material to use is the same as outdoor lampposts use today. 
Using the same material as for the car charger is also to recommend, to reduce manufacturing costs.

Ergonomics
To make sure the ergonomics were good, the placement of the screen and lifting/handling of the 
charging cord had to be calculated. For the quick chargers placed on the docks the reach out to the 

boat has to be a maximum of 5 meters and for a quick charger placed on the mooring fingers the 
reach has to be a maximum of 2.5 meters. The charger arm on the dock has to be placed at a min-
imum hight of 2.5 meters, for people to be able to walk under it. The length of the charging cord 
that the user has to lift is a maximum of 4 m including handle if Arbetsmiljöverkets risk assessment 
for manual handling is to be followed with a reasonable marginal for different cord weights (Ar-
betsmiljöverket, 2008).  According to Arbetsmiljöverket (2011), the screen also has to be placed at 
a hight of 100 mm to 110 mm for optimal interaction for all users. All of these restrictions resulted 
in a illustration of which zone that the charger arm has to be in when in folded out position and 
where the screen and handle (Non charging position) should optimally be placed (See Appendix J).

Force
The force needed to turn the post will most likely be the same as for the car charger, covered earlier 
in the context chapter. The maximum force that the quick charger can take at the charging cable 
connection had to be calculated on the other hand. The charger has to be able to handle a person 
slipping while still holding on to the handle. This means that it has to be able to take a maximum 
force of 5,8 kN (user weighing a maximum of 150 kg with safety factor 4, i.e. 600 kg) before it 
breaks.

Components
Some of the components that the charger is going to have, no matter how the design looks, are 
listed below.

Cords - The charging cord for the quick char-
ger is the same as the one for the charger on 
the car side, with a bend diameter of 150 mm 
and thickness diameter of 29 mm. 

Handle - The charging handle might be rede-
signed, but there is a possibility that the handle 
used for the car chargers has to be reused.

Screen - If the charger has a screen, which it 
probably must have, there is already a chosen 
screen to use.

CCS - A CCS outlet for the charger handle 
when it is not charging will have to be placed 
on the charger. 

IR Sensor - All the electronics for the payment 
is fitted into a small sensor that also has to fit 
in the charger near the screen.

Lamp - The lighting is not yet specified, but 
it has been established that a lamp has to be 
integrated in all solutions.

Gestalt
The gestalt, both on detail level and overall, has to build on all previous work. A Mind-map of what 
the gestalt is to convey and how closely different aspects affects the gestalt was therefore created (See 
Appendix K). The Mind-map was then later used as a cheat sheet to look at when the prototyping 
was completed.

ResultsResults

Figure 35: Total Selection Result
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Results

5.3.2 Prototyping
The final result of the prototyping were three different concept groups, each with variations of light 
types and placements, heights and different cord attachments. When making the different variations 
of each concept group, during the prototyping, it was important to establish the basic functions or 
attributes that the concept group must contain. The core essence of each concept group if so to say. 

This resulted in the following core essences:
• Elin has a fixed charging arm. Videlicet an arm that can only twist to the sides and cannot 

be folded (See Figure 36)
• Helena is a single hinge arm. Videlicet an arm that folds up to form a straight pole or down 

to reach the charging contact (See Figure 37)
• Danne is a charging pole. Videlicet a charger that is to be placed on the mooring fingers, 

making a charging arm redundant (See Figure 38)

5.3.3 Evaluation
From the evaluation the charging arm Helena was the resulting winner. Helena was the charger 
that best corresponds to the requirement specification as it follows the E-Sea design profile the 
most and it prevents dipping of the cord, which none of the other chargers do as well as Helena. 
It was also deemed to visualize availability the best as the user can see from far away which arms 
that are folded down (in use) and which are folded up (available). Helena also seemed to satisfy the 
usability aspects the most and therefore in the Heuristic evaluation, Helena was the best. As it, for 
example, is pleasurable to use, due to it not being too intrusive and that it eliminates the tripping 
risks. Everyone’s gut feeling went for Helena as well as there where a familiarity in that the charger 
folds out, similar to the car charger.

The only part where the participants disagreed with each other and could not make a clear decision 
was the placing of the lamp. The placement of the light was therefore further designed in the next 
step.

In summary, the charging concept Helena was chosen for the Detail Design and not a specific vari-
ation as it was previously planned.

5.3.4 Detail Design
During the detailed design, all inner components were made and placed into the final concept. This 
to make sure that all components were possible to fit into the design and so that some logistics, like 
maximum bend diameter of cord and needed pull spring, could be figured out. The inner com-
ponents will not be shown in this report but all the main functions and design attributes will be 
explained in the next chapter. An additional storyboard of how the quick charger can be used was 
also created and can be seen in Appendix M.

One of the focus areas of the inner components were the chargers lamps. Here several Maxwell 
renderings were done to see if reflectors were needed to redirect the light downwards when in an 
upright position. How different use of cover material changed the light was also tested. In Appendix 
N the test of no reflectors versus reflectors, with two different uses of material can be seen. The 
reflector test resulted in that reflectors were deemed unnecessary and that the use of frosted glass 
for the lamp cover gave the best lighting in this design.

The color choice of the chargers resulted in a discrete white color, so that the chargers would best 
suit in a harbor environment, whilst the brand of the company clearly stands out in a harmonic way. 
This is the color that is recommended, however, it is possible for each city to apply their own color 
so that it corresponds to the surroundings in the best possible way. For example, Stockholm has a 
dark green and Gothenburg a clear blue which is normally used around the city on, for example, 
the city’s light posts.

Figure 36: (To the Right, Top) Prototype of Elin

Figure 37: (To the Right, Middle) Prototype of Helena

Figure 38: (To the Right, Bottom) Prototype of Danne
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6.1 QUICK CHARGER
The Quick Charger is a charger which folds down as you pull the cord towards the boat, extending 
out to reach the charge contact, able to twist 180 degrees for maximum reach. The Quick Chargers 
design has been divided up into the main features post, arm, lamp, house and cord. These features 
will be explained below with accompanying renderings.

6.1.1 Post
The basic shape that conveys the main design expression of the charger is a 150 millimeter in di-
ameter hollow aluminum pipe, with a thickness of 5 millimeters. All with standard measurements to 
minimize production cost. The post also has a layer of wet color coating to prevent rust. The same 
color as used on street lighting fixtures. When the arm is in an upright position, the post and arm 
reach an impressive height of about 4,3 meters. The post is attached to a secure base that goes up 
into the post so that the charger can handle all weather conditions.

6.1.2 Arm
The main feature of the quick charger is the charging arm which folds down 90 degrees at a height 
of 2,5 meters (See Figure 49).  This to make sure that the arm reaches out the desired distance of 
5 meters and so that there is a free passageway under the arm when in use. The charger arm has 
a hidden hinge which maintains to the chargers sleek expression and protects inner component 
when in an upright position (See Figure 43 and Figure 44 for the hinge in a folded up respectively 
a folded down position). The hinge has a pull spring which holds up the arm and cord so that the 
user only have to apply a small force to move the charger handle to the desired location. The arm 
can also turn 90 degrees to either side when in folded down position, for maximum reach and light.

6.1.3 Lamp
Making sure that the lamp is good is very important since the lighting has previously been a 
problem and if it is good enough it can even replace street lighting. The lamp consists of four L 
36 W/840, 1200 millimeters, florescent led lamps, recommended for street lighting. Which are at-
tached to standard G13 sockets. The lamp cover is a hinged openable solution for easy maintenance. 
However, the lamps will approximately last 4,5 years before the need for maintenance if turned on 
like a standard street lamp, so maintenance will not be needed that often. One of the best aspects 
with the lamp is that it gives the most light when it is needed, as the arm folds down closer when 
in use. The lamps size also allows a place for branding on the additional free space on the arm (See 
Figure 42 for a close up of the lamp and its branding). For an idea of how the quick chargers would 
look in a marine environment during the day and night see Figure 50 and Figure 51.

6.1.4 House
The housing of both the screen and charger female has become the most significant design attri-
bute to bring the two chargers together as a product family. The house protects more fragile parts 
from weather wear and allows easy maintenance as the back wall of the house can be removed. The 
quick charger has two houses. The first house houses the screen, IR sensor and emergency stop seen 
in Figure 45 and Figure 46. The second house houses the CCS charger female and information 
label on type and voltage seen in Figure 47 and Figure 48. Both houses are placed at an optimal 
ergonomic height for all users repeated usage. The screen house backside is also tilted for easier use.

6.1.5 Cord
The charger cord hangs on the outside of the charger to visualize to first time users that it is in-
deed a charger and not just a street lamp. It also helps users to understand how to use the charger. 
The charging cord is the standard charging cord used in the car charger, previously explained in 
the context chapter. The lit cord was in the final design cast away by No Picnic due to its cost. The 
charging cord runs in a spiral path on the inside to allow the turning of the charger arm. As the arm 
folds up the spare cord is pulled down into the post by gravity, concealing it completely in the post.

Figure 39: (To the Left) The Final Chargers Final Design59 60

6. Final Design
In this chapter, the final design, of 
the chargers made, will be explained 
more in detail. The resulting chargers 
can be seen here in Figure 39. The 
Normal charger is the shorter one to 
the left and the Quick charger is the 
taller one to the right. More pictures 
will follow on the following pages af-
ter each explanation of the different 
chargers. 

Which of the requirements in the re-
quirement specification list that the 
chargers fulfill with accompanying 
images can also be seen in Appendix 
O. Furthermore, most of the require-
ments on the list are also indirectly 
discussed in the discussion chapter. 
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Final DesignFinal Design Figure 40: (Top) Quick Chargers Day

Figure 41: (Bottom) Quick Chargers Night

Figure 42: (Left, Top) Quick Charger Lamp

Figure 43: (Right, Top) Arm Hinge Up

Figure 44: (Right, Middle) Arm Hinge Down

Figure 45: (Left, Bottom) Close Up Screen

Figure 46: (Right, Bottom) Screen From Distance
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Final DesignFinal Design

6.2 NORMAL CHARGER
The Normal Charger is a discrete pole with lightning and two inlets for charging your boat. The 
Normal Chargers design has similarly to the Quick Charger been divided up into the main fea-
tures post, lamp and house. These features will once again be explained below with accompanying 
renderings.

6.2.1 Post
The normal chargers post is made of the same hollow pipe as the quick charger, with the exact 
same color coating and base. This to make the chargers modulate in construction and create a sense 
of belonging to the product family.  The normal charger is about 1,4 meter in total to make sure 
that the Type 2 House can be placed at an ergonomic height. For a picture of the charger posts from 
the side see Figure 54.

6.2.2 Lamp
The lamp on the normal charger is also a standard lamp, recommended for outdoor lighting. How-
ever, this lamp is not as bright to not annoy anyone, as it is placed at a lower height. This lamp is 
changed by removing the top of the charger. The lamp cover is made of the same material as the 
cover for the quick charger to give a good and even spread of light. For a picture of the close up of 
the lamp on the normal charger see Figure 52. For an idea of how the normal chargers would look 
in a marine environment during the day and night see Figure 50 and Figure 51.

6.2.3 House
The normal charger has, unlike to the quick charger, just one house. The house on the normal 
chargers houses two Type 2 females so that two can charge at the same time. These females in com-
parison to the CCS female have lids to protect them from bad weather. For a close up of the Type 
2 house see Figure 53. Since these chargers do not have an arm where branding can be placed, the 
branding is placed under the house where it can be seen during use.

Figure 47: (Left, Top) CCS House From Distance

Figure 48: (Right, Top) Close Up CCS House

Figure 49: (Bottom) Three Quick Chargers
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Final Design
Figure 52: (Left, Top) Normal Charger Lamp

Figure 53: (Right, Top) Type 2 House

Figure 54: (Bottom) Five Normal Chargers
65 66Final Design Figure 50: (Top) Normal Chargers Day

Figure 51: (Bottom) Normal Chargers Night
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7.1 POSITIONING THE RESULT
I believe the final design of the chargers was significantly affected by my Industrial Design Engi-
neering education in which I created it in. At No Picnic where I completed this project, there are 
no engineers, only industrial designers. However, the designers at No Picnic are deeply involved in 
the product development process, not unlike how  Veryzer and Borja de Mozota (2005) explained 
that progressive design firms work. Working alongside the industrial designers has further strength-
ened my beliefs in what Tovey’s (1989) argues; that Industrial design has much in common with 
engineering design. However, if it wore not for my engineering aspect of the education some of 
the components of the chargers would have been according to me nearly impossible to design. For 
example, without my knowledge of mechanics, the charging arm could not have been designed as 
it was without additional outside help. It was really, as Smets and Overbeeke (1994) explained, that 
the optimal product design was completed with the use of perpetual theories and results. Resulting 
in that Hao et al. (2006) where correct when they stated that projects generally require a multidis-
ciplinary design.

I believe that the process of this project has been deeply affected by the Needfinding theories by 
Donaldson (2002), Patnaik and Becker (1999) and Faste (1987). Donaldson’s (2002) six needfinding 
questions were almost directly converted into my user analysis, Patnaik and Becker’s (1999) four-
stage process for uncovering the needs of users and the way Faste (1987) explained how Needfining 
has to be done then led to how I completed the participatory observations.

My placement and forming of the chargers components and whole were then gravely affected by 
Perry’s (2010) multiple design considerations when designing ergonomically. For example when 
I designed the quick chargers arm. The arms design was altered and designed as it is due to the 
considerations for weight, grip, torque, balance, force, posture, complexity and much more when 
handling the charging cord. Similar considerations were also made for placing of component houses 
and tilting of screen and IR sensor.

To create the design and functions of the chargers, I believe that creativity has played a huge role. As 
Catmull (2008) and Amabile (1996) says the product design process is sometimes downright scary 
and always completed at your own risk because when entering a creative process you never know 
where you are going to end up. This is exactly what I felt during the brainstorming workshops. 
Leaving most of the creative thinking to others, while hoping for the best. However how scary it 
was, it had to be done. Because as Parajanen (2012) says creativity is the process that makes innova-
tion possible, which I totally agree with. 

According to Amabile (1998), a creative product is one that is not only original, but it must also be 
appropriate, useful and actionable for the organization, which is exactly what I think these chargers 
are. These chargers were in fact created by combing new ideas in new ways that have never been 
done before, which is what creativity is according to Sanders (2001). An example of this is how I 
combined the mechanical arm, the street lamp and charging standard all in one for the quick char-
ger. A combination which has never been done before according to my findings. Worth to mention 
is that this use of creativity would never have been possible if the theory on for example charging 
hadn’t been completed first. As it is like Amabile (1998) and Chaharbaghi and Cripps (2007) says. 
One cannot be truly creative unless one knows a good deal about the area, as creativity is both an 
expression of emotion and function.

User Experience has also according to me played a central role towards the completion of the final 
design of the chargers, as User Experience reflects the user satisfaction, according to both me and  
Wang, Hwang, and Ho (2009), Karat et al. (2005) and Foo and Mårtensson (2016), which is very 
important. Especially on completely new products that have no previous established market, such 
as these chargers. The four different timespans according to Allam, et al. (2013) in which UX varies 

Figure 55: (To the Left) Quick Charger With Glowing Cord Discussion67 68

7. Discussion 
In this chapter I will position the result in relation to the theoretical framework. 
I will also include a discussion about the projects relevance and a reflection on 
how the project contributes to sustainable development. Finally, my recommen-
dations for continued work on this project, after this thesis, will be presented.
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has all been dealt with. Before use, I believe users will most certainly anticipate the boat chargers to 
work in the same way as the quick chargers, which are widely appreciated. During use, the actual 
usage the functions of the chargers will be judged. After usage, the users will remember what the 
experience was like and finally, over time the users will gather their standing opinion of the char-
gers. With all of these timespans in mind, I designed the charger’s attributes and functions. 

To further expand the User Experience I made a deep dive into Usability in this thesis. Starting 
with making sure that Gould and Lewis (1985) two factors reliability and responsiveness were 
achieved and ending with making sure the combined usability principles of Cheung and Bryant 
(2006) and Jordan’s (1998) were upheld. The factors and principles where upheld by for example 
showing component which speak towards the charger’s function, for example, the charger cord 
or component houses, and hiding components which the user does not need to see, for example, 
springs and complex technology, while simultaneously making it smooth and obvious to use. The 
theory on usability evaluation methods, such as Brinkman’s (2003) I then directly converted into 
evaluation methods, during the Implementation phase of the designing of the chargers.

Then to make the final products User Experience even better, the theory on Product Semiotics 
was used. As product semiotics is, according to Cambell (2003), a relevant starting point for un-
derstanding product interaction and, according to Mamaghani et al. (2014), it is all about avoiding 
miss-interpretations I thought the use of it was necessary. Product Semiotics really has contributed 
to the placement and visibility of the chargers components. Product Semiotics also according to 
Hudson (2010) make the products safer, which I believe is especially important when designing 
large heavy products using a lot of electricity. 

Hudson’s (2010) Product Semiotics properties of signs also helped me to form the quick charger 
into the specific design it has. As the representamen and the referent change from when the charger 
is in use or not in use, this then affects the final interpretant of the charger (see Figure 49). As the 
charger is in the unused position it forms the representamen of a straight pole with a main upwards 
direction and a referent towards the lamp, as to give the interpretant that it is in a stage of lighting 
up the surroundings solely. But when the charger is in use it forms the representamen of an almost 
arch-like silhouette with a direction towards the boat and a referent towards the boat, as to give the 
interpretant that it is in use reaching for the boat. This way the users can see from afar the stage in 
which a charger is in. How the Quick Charger is to be used can also be seen through an animation 
on the screen. However, I believe the user will understand how it’s used either way. Due to that 
when they pull the charging gun towards the boat the arm automatically folds down towards the 
boat. 

The final design and its functions, from an Accessibility aspect, was according to me deeply affected 
by the Abley’s (2010) theories. Abley’s (2010) three components: ‘access’, ‘opportunity’ and ‘mobil-
ity’ that I adapted to suit accessibility in product design, made sure that functions had availability 
of use from different users, opportunity of use of specific functions and ease of use of different 
functions, were the same for all users. Furthermore, I used Abley’s (2010) seven accessibility tools 
to make the design accessible by using it as a guide during the design of the chargers. The tools, for 
example, helped me determine material choices and placement of functions.

Finally, without the use of the theory of Charging both general, normal charging, quick charging 
and legislations the chargers could not have been designed at all. The theory from all of the authors 
who have written about charging determined which charging standards and modes that should be 
used for each charger, the restrictions of use and it also gave me the necessary knowledge to com-
plete this thesis and explain to outsiders what different types of charging is used for.

7.2 RELEVANCE
This project I believe will be of the outer most importance to the future users of electric 
boats. Since there are no chargers for electric boats today I think this will open up the 
possibility to even own an electric boat, which has not been possible to the same extent 
before. Without this project, I believe there would be no chargers for electric boats at all at 
this time. I think this project might also be relevant to the users of other electric vehicles as 
these chargers follow the same standard as most EV’s do today, making it possible to charge 
them as well.

To whom the most relevance I believe this project will play, is probably E-Sea, No Picnic 
and the other participating companies in this project. As they are the initiators of this proj-
ects and the ones to continue the manufacturing of the chargers when this thesis project 
is over. If the chargers are manufactured and sold this thesis project might be of very high 
commercial use as well as financial use. I think this may also contribute to E-Sea and No 
Picnics sustainability image making them stand out as one of the initiators of the electrical 
boating movement. 
 
When looking at the bigger picture I consider this project to be of large relevance to the 
society in general. Making new travel solutions possible and opening up the community to 
be able to have more electric vehicles than ever before. The thesis might also be of the most 
relevance, since it concerns the very novel field of boat charging, providing knowledge and 
research to the entire society who see it of use. I believe it might even lay the groundwork 
for future similar projects.
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7.3 REFLECTION
I think the result of this thesis will contribute to the social sustainability by the use of 
Accessibility throughout the project and in the final design. One key factor of social sus-
tainability is to cater everyone’s needs, which is just another way of saying that it has to be 
designed for all according to me, which is what Accessibility is according to Keates and 
Clarkson (2001) and Tanaka, et al. (2005). How I saw problems from a users perspective 
throughout the process as Leitner, et al. (2009) recommended and by achieving Abley’s 
(2010) seven accessibility tools with the final design, the Accessibility problems have been 
met according to me. Therefore contributing to social sustainability.

I think the result will also contribute to economic sustainability by the job creation poten-
tial of electric boats. Sure some jobs might be taken away from the oil industry, but many 
of these jobs I think would be compensated by new jobs in manufacturing, advanced bat-
teries, chargers, and research and development. Electrical vehicles are also much cheaper to 
use than regular vehicles, so the boat drivers who switch to electric boats will have more 
income over. This income they can then spend on other sectors of the economy, driving up 
wealth locally, contributing to a more economically sustainable society.

The result will finally also according to me contribute to ecologic sustainability. Introduc-
ing electric boats would both improve the water quality and the air quality by replacing 
fuel with electricity, reducing greenhouse-gas emissions. This thesis project makes that pos-
sible. All materials and components in the final design have also been thoroughly thought 
through and picked to make the minimal environmental impact as possible, thinking all the 
way from cradle to cradle. Making the chargers modulable by using the same base compo-
nents also makes it more sustainable, as the production of the chargers gets more simplified 
and therefore multiple production lines don’t have to be made.

7.4 RECOMMENDATIONS
To ensure the results for the future development of the chargers, I have some recommendations on 
what should be further worked on or checked.

Most my recommendations apply to both chargers. First, I will mention these. The IP Rating (In-
gress Protection) have to be checked so that the chargers can withstand most weather conditions 
and maintenance cleaning. Then I think the desired lamp effect have to be tried out. A FEM Analy-
sis (The Finite Element Method) also has to be completed on both chargers to ensure the strength 
of the chargers. All inner components exact placement also has to be finalized with additional 
technical drawings for production.

The recommendations that I have that only apply to the quick chargers are the following. A pos-
sible click function on the hinge might be good to apply to the charger so that it clicks into place 
at the bottom position and then pulls back up with a light pull, similar to a blind. This to make 
sure that the cord is not in tension during the entire use. It is also crucial to have a locking feature 
of the hinge in the upward position when not in use so that it doesn’t bend down due to weather 
conditions or unauthorized users. I believe a strengthening along the cord could also be needed so 
the cord can withstand needed forces during a long period of time without unnecessary ware. Then 
the interface for the screen and eventual AP also has to be finalized and tested.

An interesting concept that was brought forward in the ideation phase, and really could add to the 
product semiotics and be a great marketing feature according to me, would be if the cord was lit as 
well as the lamp (see Figure 55). This would make the chargers visible from even further away and 
be a new exciting feature that hasn’t been done before on an Electrical Vehicle charger, making the 
chargers a talking point. The technology is already used on some smaller cords, so it would most 
certainly work. Sure the cord would be much more expensive than the normal cord and that is why 
it was sadly cast aside, but I believe that the marketing possibilities and added user experience would 
most certainly weigh up to the additional initial costs.

Finally, something I believe is worth to consider is how the chargers are going to be installed. Two 
possible solutions are the previously mentioned concept Göran and Johan. Namely, installing the 
chargers on specially built islands in the archipelago with all the necessities needed or having boats 
with chargers that bring the chargers to the user instead of the other way around. An idea would 
be to first install the chargers at the most common harbors and then later launch charging islands if 
the needed permits come through. 
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Figure 56: (To the Left) Harbor From Above With Chargers Conclusions

8. Conclusions
The objective of the project was to 
provide a basis for the facilitation of 
the standardization of chargers for 
boats, with the possibility of full-scale 
tests. Including thorough investiga-
tion of the guidelines, user require-
ments and conditions of chargers. 
The aim of the project was therefore 
to develop both a normal charger and 
a quick charger that is to be mount-
ed in a harbor, being able to utilize 
the harbor’s own electricity grid. 

This section will answer the research 
questions based on the objective and 
aim with support from the results of 
the thesis work. 

8.1 NEED
The need part of this thesis has focused mostly on the current state of electric vehicle chargers and 
a thorough investigation of harbors and users. To uncover possible future needs or current needs of 
the current or future users.

8.1.1  What are the charging-needs for boats?
As discovered in the Immersion, there are currently no chargers for electric boats, since electric 
boats have not yet been established on the market. Therefore an immersion on the looks of elec-
tric car chargers was done, which can be seen in the context chapter. As there are a lot of different 
chargers for electric cars there is a large variety of car chargers to draw inspiration from to create 
the future boat chargers.  

Since there aren’t that many electric boats and no boat chargers, the charging-needs for boats are 
yet to be discovered. A reasonable guess is though that electric boats will need the same types of 
chargers that other electric vehicles have today.  To be able to both charge the boats during a lon-
ger planed time and to charge quickly if needed. That is both quick chargers and normal chargers, 
which has been the development aim of this thesis. Problems that have been discovered through the 
Needfinding process, that probably are even more important for boats than for cars, are the need of 
reach out to the middle of the boat and the need of sufficient lightning in harbors.  
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8.2  DESIGN
The design part of the thesis has provided the basis for the facilitation of the standardization of 
chargers for the future electric boats. By taking consideration of all components needed when 
designing with an open creative mindset, to achieve optimal user experience while maintaining a 
good ergonomic design.

8.2.1  How should the chargers be designed to optimize the ergonomics?
Both chargers have to take into consideration, placement of components, that is to be used by 
the user, mentioned previously in the discussion. This is done by placing them at a correct height 
according to occupational health and safety regulations and if necessary tilt components for easier 
handling. Lamps are also to be placed at a hight so that the user is not blinded by the lamp or an-
noyed by its placement. If there long reach to the vehicle, when using a quick charger, the cord has 
to be taken care of in some way so that the weight of the cord or posture of the user is not harmful 
for the user. With the design of the quick charger made in this thesis, the charging arm takes care 
of that. 

8.2.2  Are there any creative solutions not yet utilized on EV chargers, that can be 
used for boat chargers?

The use of a charging arm, for quick chargers, that lifts the cord out to the vehicle has not yet been 
introduced on the market. But with this final quick charger design and the No Picnic car charger, 
this has been fully utilized. The combined use of lamp posts and chargers hasn’t previously been uti-
lized to the full extent, however with these chargers it has. The function that makes the lamp follow 
the user by the fold of the arm on the quick charger is also completely new. An at this stage mere 
suggestion, but something that came up in this thesis is to have a lit cord. This feature is completely 
new and unused in the field of electric vehicle charging and something that would most certainly 
ad worth to the user’s overall user experience.

8.2.3  What should be taken into consideration to enhance the user experience?
As mentioned above a lit cord on the quick charger would gain a lot towards the overall user expe-
rience on the quick charger, but the user experience aspects previously mentioned in the discussion 
are the key aspects to focus on. Namely the chargers should take into consideration the timespans 
of use, keeping the user satisfaction on a high level through all timespans, the chargers should to the 
outer most extent fulfill as many usability principles as possible and finally, they should consider the 
product semiotics aspects.

8.3 FUNCTION
The function part of the thesis has focused on the functions of the designed chargers to make sure 
that the production of the prototypes for full-scale tests is possible mediately after the thesis project. 
During this part, the possibilities of installation have also been discovered to see how the chargers 
can be integrated into existing harbors.

8.3.1  How should the chargers be made accessible to the many?
The chargers are in this thesis made accessible to the many by taking consideration of Abley’s (2010) 
three components for accessible design, adapted to product design, which is recommended for 
other similar projects as well. The chargers has been designed with “Access” in mind by placing the 
component houses at a hight so that all users are able to use the charger functions. “Opportunity“ 
has to be taken under consideration when installing the chargers, so that they are available to use 
by different users. The “Mobility” has also been taken under consideration by adding instructions 
on the screen, by reducing the force needed to move the arm and finally by placing all components 
so that they are easy to use.

Furthermore, Abley’s (2010) seven accessibility tools was used as a guide during the design of 
chargers, for the best result. For example by helping determine material choices or placement of 
functions.

8.3.2  How can the charging stations be modulated for varying harbor docks?
By using the same base components, only differentiating the poles in height and the number of 
houses on the chargers, the chargers in this thesis have been modulated. Making it possible to alter 
the number of functions and height dimensions simply by cutting off the post at different lengths 
and adding the desired number of houses, in production.

8.3.3  How can the chargers be integrated into an existing harbor?
By taking concern of how current harbors are formed when completing the design of the chargers 
its made sure that the chargers both suit and last in the harbor environment. By then making sure 
that both a normal charger and a quick charger is designed its made sure that all the possible differ-
ent charging options are available. A recommendation would be to install a few quick chargers and 
several normal chargers. Placing the quick chargers at designated mooring spots that are only to be 
used by boats when charging, at an interval so that each charger is placed in-between two boats (see 
Figure 56). The normal chargers should be placed out at the same interval, but at mooring spots 
were the boats can be moored for a longer period of time preferably overnight. There need to be 
several more normal chargers, since the charging will take much longer time than with the quick 
chargers. The combination of both chargers is optimal since it can then be used by short-term vis-
itors and long-term visitors, both for urgent needs of charging and more planned charging.
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Pictures of the different 
mooring types used in 

harbors today.



APPENDIX C. HARBOR 
OBSERVATIONS

P. 2 [10]

APPENDIX C. HARBOR 
OBSERVATIONS

P. 1 [10]

Pictures of current 
chargers, problems and 
mooring types, seen in  

the field studies.
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Stops made at Monday, Wednesdays and 
Fridays:

• Sandersö: 08:00
• Gällnö: 08:20-08:22
• Karklö: 08:29-08:30
• Svartsö: 08:33-08:37
• Trångholmen: 08:41-08:42
• Jänörnäs: 08:47-08:47
• Hjälmö: 08:53-08:54
• Karlshem: 08:58-08:59
• Lådna: 09:01-09:05
• Ingmarsö: 09:14-09:18
• Norra Stavsudda: 09:29-09:35    

(Fuel-stop each other day)
• Södra Stavsudda: 09:43-09:45
• Möja: 09:53-10:00    

(Drop of to mail car) 
• Södermöja: 10:04-10:05
• Sandhamn: 10:25-12:30     

(Responsible for mail office and lunch-break)
• Runmarö: 12:45-12:48    

(Drop-of Janne, as he drives a mail car on the island)
• Ladholmen: 12:57-12:57
• Ladholmen stop 2: 12:59-12:59
• Aspö: 13:02-13:03
• Boskapsön: 13:07-13:07
• Solvik: 13:12-13:18
• Orrön: 13:20-13:21
• Sand: 13:23-13:28
• Orrön nämdö: 13:30-13:31
• Alkläppen: 13:35-13:35
• Uvö: 13:37-13:38
• Uvö Sunnansund: 13:40-13:41
• Mörtö: 13:43-13:45
• Mörtö södra: 13:47-13:48
• Gillinge: 13:56-13:58
• Biskopsö: 14:04-14:07    

(Only Fridays)
• Vånö: 14:17-14:18
• Ängskär: 14:26-14:27
• Runmarö: 14:46-14:47    

(Pick-up Janne) 
• Sandersö: 15:15

Stops made at Tuesdays and Thursdays:
• Solvik and Sand, on Nämndö, only. 

Mail-boat drivers: Thomas and Janne
Fuel usage: 140 liter diesel a day, 30 000 liter a year
Distance covered: 50-60 nautical miles a day 
(1 nautical mile equals 1852 meters) 
Speed: In between 24-29 kt, on average 26 kt

Winter specifics: From the end of January and about three months forward a Swerwer Boat is 
used, with speeds in between 30-35 kt. 
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Information about 
the current mail-boat 
used in Stockholm 

archipelago.
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ELECTRIC BOATSCAR CHARGERS

Collages of car chargers 
and electric boats. 
As a result of the 
benchmarking.



Industrial Design Engineering (15 articles)
• “Industrial Design Engineering” (Pages 1-3)
• “Product Design Engineering” (Pages 1-2)
• “Industrial Design” (Pages 1-4)

Needfinding (10 articles)
• “Needfinding“ (Pages 1-2)
• “Needfinding AND requirement specification “ (Pages 1-2)
• “Need finding” (Pages 1-2)
• “Need-finding” (Page 1)

Ergonomics (9 articles)
• “What is ergonomics” (Pages 1-2)
• “Ergonomic Design“ (Pages 1-3)
• “Ergonomic Products“ (Page 1)

Creativity (10 articles)
• “Creativity AND Important AND Negatives” (Pages 1-5)
• “Creativity in Design” (Pages 1-3)

User Experience (11 articles)
• “What is user experience” (Pages 1-3)
• “Designing with user experience” (Page 1)

Usability (12 articles)
• “Usability” (Pages 1-5)
• “Usability principles“ (Page 1)
• “Usability evaluation” (Pages 1-2)
• “Usability methods” (Pages 1-3)

Product Semiotics (15 articles)
• “Product Semiotics“ (Pages 1-3)
• “Semiotic Design” (Pages 1-2)
• “Designing with Semiotics” (Page 1)
• “Semiotic Products” (Pages 1-2)

Accessibility (12 articles)
• “What is Accessibility“ (Pages 1-2)
• “Accessibility” (Pages 1-4)
• “Accessibility Design” (Pages 1-3)
• “Accessibility AND Design” (Page 1)

Charging (20 articles)
• “Quick charging” AND “Normal Charging” AND “Difference” (Pages 1-2)
• “Combined Charging System” AND “Electric Vehicles” AND “CCS” (Pages 1-4)
• “Combined Charging System” (Pages 1-2)
• “Electric Vehicles“ (Page 1)
• “Charging Modes” (Pages 1-3)

Legislations (4 articles)
• “Lagar angående laddare för bilar” (Page 1)
• “Lagar angående laddare för båtar” (Page 1)
• “Laws” AND “quick charging” (Page 1)
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Print-screen of the 
website used for 

planning throughout 
the project.

Search-phrases used 
in the making of the 

theoretical framework.
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The Mood board 
created during the 

initial ideation.



PRO’s & CON’s

Scoring Matrix Dot-Sticking

Murder Cluster
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The result of the 
selection methods 

used at the end of the 
Ideation.
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The result of the design 
restrictions regarding 

ergonomics.

For Elin and Helena

For Danne

APPENDIX K. GESTALT MIND-
MAP
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The result of the design 
restrictions regarding 

the gestalt of the 
product.
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Renderings of the 
prototypes. First in day 
light and then in night 

light.
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Storyboard created at Storyboard That.

APPENDIX M. USE OF QUICK 
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A possible Storyboard 
for when the quick 
charger is used by a 

user. 
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The result of the 
reflector tests done in 

Maxwell.

WITH REFLECTORS CLEAR GLASS

NO REFLECTORS CLEAR GLASS

WITH REFLECTORS FROSTED GLASS

NO REFLECTORS FROSTED GLASS



MUST SHOULD

Visualize availability (B)
Have heat/cool control (B)

Communicate with user during use (B)
House electronics (B)
Lift charging cord (B)

Eliminate tripping risks (B)
Manage different boat sizes (B)

Manage dropping/dipping of handle (Q)
Be able to reach several boats (Q)
Be able to maintenance charge (N)

Be non intrusive (B)
Facilitate for people with disabilities (B)

Communicate environmentally friendly (B)
Follow general color coding (B)

Have a well visible cord (Q)

Have lightning (B)
Last in a marine environment (B)

Be able to be handled by one person (B)
Reach charge contact when moored (Q)

Charge one boat at the time (Q)
Charge two boats at the time (N)

Be easy to use (B)
Have room for branding (B)

Suit in a marine environment (B)
Follow design profile of E-Sea (B)
Be rationally manufactured (B)

Avoid personal injury (B)
Be ergonomic (B)

Be easy to install (B)
Manage payment (B)

Have time indications (B)
Have release function of handle (Q)

Identify user (Q)
Lift charging cord from dock (N)

DESIGN DESIGNNEED NEEDFUNCTION FUNCTION
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Visualization of the 
fulfilled requirements 
in the final chargers 

design.
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