
 Eindhoven University of Technology

MASTER

Electric vehicle developments in the Netherlands
business model innovation opportunities for energy consulting company KEMA

Peeters, B.J.

Award date:
2011

Link to publication

Disclaimer
This document contains a student thesis (bachelor's or master's), as authored by a student at Eindhoven University of Technology. Student
theses are made available in the TU/e repository upon obtaining the required degree. The grade received is not published on the document
as presented in the repository. The required complexity or quality of research of student theses may vary by program, and the required
minimum study period may vary in duration.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain

https://research.tue.nl/en/studentTheses/43fa0017-dd9c-44df-b1c2-e34f398c11d8


   

 
 
 

  Eindhoven, April 2011 

 
 
 
 
 
 
 

           
 

 
 
 
 

 
 

 
 
 
 
 

Identity number 0632285 
 

 
in partial fulfilment of the requirements for the degree of 

 
Master of Science 

in Innovation Sciences 
 

 
 

 
 
Supervisors: 
1st Dr.ir. G.P.J Verbong,        1st Dr. C.A.M. van den Ende  
Eindhoven University of Technology     KEMA Arnhem      
Industrial Engineering & Innovation Sciences (IS)    New Energy Technologies 
          
2nd Dr.ir.arch. I.M.M.J. Reymen      2nd C.J. Faasen, MSc 
Eindhoven University of Technology     KEMA Arnhem 
Industrial Engineering & Innovation Sciences (ITEM)   Consulting 

Electric Vehicle developments in the Netherlands:  

Business model innovation opportunities  
for energy consulting company KEMA 

 
by B.J. Peeters 



   

  



   

 

 
Preface 
After an intensive traveling period between Baarlo, KEMA Arnhem, Eindhoven University of Technology, 
and the different respondents my master thesis is a fact. Looking back on the period of this graduation 
project I cannot but conclude that it offered me a sense of satisfaction, pleasure, and pride. Especially 
the broad and dynamic market developments combined with new insights from the group Innovation, 
Technology Entrepreneurship & Marketing made it a challenging task to complete.   

This final report offered me the opportunity to use the broad oriented academic knowledge, theories, 
and tools acquired during the Master of Science program Innovation Sciences and apply them in an 
interactive and stimulating environment at KEMA-NET. This latter practical touch definitely enriched, 
clarified, and shaped my view of the research topic: the field of electric vehicles.  

This research has to a large extent been performed at and on behalf of KEMA-NET in Arnhem in a close 
collaboration with the department Industrial Engineering & Innovation Sciences of the Eindhoven 
University of Technology. For the practical opportunity I would like to thank KEMA and all the employees 
for their commitment and input. Within KEMA special gratitude goes towards my first and second 
supervisors Kees van den Ende and Caroline Faasen, respectively as well as Petra de Boer and Craig Savy 
of the department New Energy Technologies for their time, expertise, confidence, enthusiasm, 
stimulation and valuable feedback throughout the project.     

Furthermore, I would like to thank my first and second supervisors Geert Verbong and Isabelle Reymen 
from the Eindhoven University of Technology for their helpful information, expertise, theoretical 
feedback, enthusiasm, and support.  

I would also like to thank all the respondents for their time, valuable input, and different perceptions on 
this dynamic and emerging market. Additionally, I want to show my gratitude to my parents, brother 
and friends who provided me with support, encouragements and distraction during the evenings and 
weekends. 

In the end I hope this thesis will inspire and result in further research combining the fields of Innovation 
Sciences and Innovation, Technology Entrepreneurship & Marketing.   

 

Baarlo, April 7th, 2011 

Bart Peeters 

  



   

 

 

 

 

 

  



   

 

 

 

 

 

 

 

 

 

 

“One cannot resist an idea whose time has come” 

-- Victor Hugo (1802-1885) -- 



   

 



   

 
 

1 

Executive summary  
Path dependency, practices, rules, and peoples’ adapted lifestyles led to a lock-in of the internal 
combustion engine vehicles. As a result of the rising oil price motorists have an increasing demand for 
more fuel efficient vehicles. Combined with other landscape developments like global consciousness 
about environmental impact, security of (energy) supply, and climate change, pressure is being put on 
internal combustion engine vehicles. Accordingly, alternatives like biofuel, hydrogen, fuel cell, and 
electric vehicles have been developed and gained in popularity. So far none of these niche technologies 
were able to breakthrough let alone replace the fossil fuel based vehicles we depend on every day and 
which future potential is often underestimated.  

Main objective of this thesis is therefore to describe and analyze the developments in the field of 
electric vehicles in the Netherlands by applying a multi-level approach. Since these developments are 
rather complex and evolve rapidly energy consulting company KEMA was curious what this would mean 
for them specifically. In particular, what does KEMA need to do, change or focus on internally to bring in 
more electric vehicle related work and strengthen their market position?     

The two research questions that will be answered are:  
1. Which trends / developments in the field of electric vehicles can be expected? 
2. Which strategy recommendations and possible business model adjustments in the electric vehicle 

niche can be made for KEMA’s department New Energy Technologies?  

Theoretical background 
In order for electric vehicles to become a full alternative or replacement for internal combustion engine 
vehicles a so called transition is required. A transition manifest one selves by radical changes with long-
term visions in for example society, laws, cultures, and technologies. For electric vehicles it would mean 
that two different industries, being the automobile and electricity branch, have to work together in 
finding solutions for the required radical changes throughout the entire value chain.  

The theories used in this thesis for analyzing the electric vehicle niche are the Multi-Level Perspective 
and Strategic Niche Management. Where the Multi-Level Perspective places all the different factors in a 
broader context, by clearly distinguishing three levels of developments, Strategic Niche Management 
focuses primarily on the value chain of the lowest niche level. A shortcoming of the Strategic Niche 
Management theory lies in the fact that it has little attention for the individual companies and 
organization throughout this value chain. Since companies and institutions that develop products or 
services for (sustainable) niche markets acknowledge having difficulties to put their economically 
feasible products on the market, theories for business model innovation are added to describe the 
entire niche more in detail.  

Research approach  
The first part of the thesis is a qualitative multi-level analysis of the developments and forces in and 
around the field of electric vehicles. An extensive literature research is conducted to gather the 
necessary information like market trends, needs, and actors as well as problems, challenges, external 
pressure and expectations.  
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Based on this input questions are formulated for the 21 semi-structured external interviews. The 
respondents consist out of a broad and heterogeneous group of niche and regime actors in the 
Netherlands and Germany. Together the literature and interviews form the input for the second part 
about business opportunities for KEMA. The second part relies to a large extent on discussions and 
conversations with KEMA employees concerning the input of the first part. Having a broad knowledge 
base in the energy market KEMA is able to deliver a solution to a multiple of questions and problems 
occurring during the transition. The questions and problems from the field are subsequently translated 
into expanding existing businesses plus new business opportunities. Based on these opportunities 12 
new business models are being developed.   

The automobile sector 
Although initially offering resistance because of vested interest and sunk investments in knowledge and 
equipment, by now most incumbent actors of the automobile sector acknowledge the fact that 
something regarding the climate needs to happen. Automobile manufacturers are starting to develop 
full or (plug-in) hybrid electric vehicles and oil companies are focusing more on bio fuels and hydrogen 
next to the fact that they supply their products to electricity producers also. Nonetheless, investments in 
alternative technologies like electric, hydrogen, biofuel, and natural gas vehicles are modest and started 
slowly. Compared to investments made in the incumbent internal combustion engine technology they 
are even minimal. It is to a large extent still window-dressing by most automobile manufacturers.  

The electric vehicle niche 
This niche is still very small and not able to compete with the fossil fuel based vehicles as a result of 
continued technical progress in this regime technology. Advantages of electric vehicles include lower 
fuel costs, reduced noise pollution, increased comfort, and zero direct pollution.  

The bottleneck for electric vehicles lies for a large extent still at its batteries. In particular, the batteries’ 
price, weight, and required recharge times are a disadvantage. Although 2nd life applications and 
recycling of the batteries form an important aspect of the electric vehicles‘ business case, research in 
these topics is still minimal.  

With Dutch corporation E-laad, who is going to provide free recharge points for the first 8000 people 
owning or leasing an electric vehicle, the chicken-egg problem appears to be solved in the Netherlands. 
Combined with an adequate payment model scalability and coverage can be guaranteed also. In 
addition to the necessary recharge points investment costs for upgrading the infrastructure are heavily 
dependent on the choice for G2V, V2G, or smart grids. Since renewable energy sources can result in 
fluctuations, some kind of buffer capacity will be necessary to optimally utilize these renewables. 
Electric vehicles combined with communication soft- and hardware can offer a solution for this potential 
problem. However, so far infrastructural upgrades involve thicker cables instead of making the existing 
ones ‘smarter’.       

A long-term vision from the government, automobile manufacturers, and grid operators to 2020 and 
beyond, combined with the necessary education about advantages, safety, and privacy have to be 
developed to provide trust and confidence among users.    
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Conclusions 
Developments in and around the electric vehicle niche reveal certain business opportunities for KEMA. 
Expanding current business opportunities include 2nd life and recycling of batteries, demonstration 
projects, and testing, safety, certification, and performance studies. New opportunities can be found in 
parts of the value chain that currently are not yet covered. This may include collaborating with external 
parties that are already active in the specific branch. Possibly even more important in an attempt to 
bring in more work in this new market is marketing and exposure of the KEMA brand to the outside 
world.  

All together, a transition or system change towards electric vehicles results in chances for a multiple of 
different companies and industries. By combining the theories of Strategic Niche Management and 
business model innovation, niche technologies can be better described in detail. This can help in 
designing companies’ business models that have a better fit with the new value chain, market, and 
product(s). Furthermore, with a better mutual fit niches can more rapidly improve stability, alignment, 
network building, and reduce market uncertainty and risks. This can help in the transition process.  
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1. Introduction   
In the last couple of decades consciousness about the impact humans have on the world has become 
ever stronger. Especially during the Industrial Revolution fossil fuel use exploded and we started to use 
the earth more and more as a global sink. Climate change is one of the most mentioned indicators to 
quantify the ongoing global changes. In order to resist this threat our current society and economy 
needs to become more sustainable. This is only possible by undergoing a so called transition. A 
transition expresses itself by radical changes in habits, society, structures, laws, cultures, technologies 
and operating procedures with a long-term vision. Although being radical, by replacing deeply grounded 
ways of life, transitions happen gradually in the order of at least 1 generation (25-50 years).   

Since the financial crises policies and visions are aimed towards short-term results and cutting back on 
costs. However, now the time has come to invest in a more sustainable economy and society because 
the proposed economic measures can lead us directly into the next crises since they are based on the 
current polluting and fossil fuel dependent way of life which will jam society ever more. As a result of 
the different aspects involved in a transition process we can say that it is multi-causal, -level, -actor and 
–phase. This is also the link to the theories used in this thesis.     

One of the transitions towards a more sustainable society and economy is becoming visible in the 
mobility sector. Especially developments in the efficiency of the vehicles’ power train are subject to 
radical changes the last couple of decades. Besides increasing efficiency of fossil fuels, in more or less 
chronological order, alternatives like bio-fuels, bio-gas, hydrogen, fuel cells and batteries were 
developed as possible substitute energy carriers for our vehicles. Currently battery electric vehicles are 
hot again. Encouraged by drivers like constantly increasing energy consumption and prices, air quality 
deterioration, dependence on oil and the earlier mentioned climate change a transition from fossil 
based fuels towards electricity is started.  

Hence, this thesis will focus on the electric vehicle market because it is becoming a fast developing 
branch of industry as a result of increasing demand for more fuel efficient vehicles and global pressure 
to reduce the environmental impact of cars. If the transition from fossil fuel based towards electric 
vehicles continues, radical changes are necessary throughout the entire mobility’s’ value chain. 
Depending on the configuration and related market size of the electric vehicles changes in 
infrastructure, new business models for selling the vehicles, ‘fuel’, and related data traffic have to be 
developed for example. As a result new but also existing parties throughout the value chain possibly 
have to take in new positions and change their business.   

Additionally, trends indicate an increase of vehicle use while pollution standards are being tightened. 
The problem for making the transition from the current fossil-fuel based vehicles towards electric 
vehicles is therefore not necessarily only a technological one. Although there are still some hurdles to be 
taken to make electric vehicles economically attractive the barriers are also related to cultural, social, 
economical and institutional factors. This means that especially the mobility sector, the electricity sector 
and governments have to make some important decisions. 
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1.2 Motive for electric vehicles 
Throughout the 20th century several attempts, worldwide, have been made to take a path less 
environmental harmful compared to the fossil fuel based vehicles. Currently we are once again entering 
the playing field of a fast developing branch of industry, Electric Vehicles (EV).  This isn’t something new: 
in America during the Clinton Administration we saw diesel hybrids. During the Bush Administration it 
was hydrogen and fuel cells.  And for the past several years, the focus has been on plug-in hybrids which 
have the possibility to bridge the gap between fossil fuel based vehicles and full EV’s.  

Keeping in mind the fact that Washington has, apparently, a rather questionable record of picking 
winners and losers, Europe and the Netherlands specifically, have a good fit with EV because of their 
infrastructure, road density, average travel distance and electricity facilities. Of course, EV are by 
themselves not necessarily completely clean. Depending on the type of EV they still require some 
quantities of fossil fuels, directly or indirectly. The ones recharged by plugging them into the grid can 
only be as ‘green’ as the upstream power source which generates the electricity. However, compared to 
fossil fuel based vehicles EV can reach a higher overall efficiency and reduction in carbon dioxide (CO2) 
which mainly depends on the way the electricity is produced. The impacts of EV on the grid or 
infrastructure is also the link to the company KEMA for whom this research is conducted.   

KEMA’s choice for EV is based on the internal document ‘Window on the World’ which is a research 
project in cooperation with the department Innovation Sciences (IS) of the Eindhoven University of 
Technology. Starting points of this project came from the European SET-plan and the Obama agenda 
which eventually resulted in seven innovative energy technologies that correspond with KEMA’s current 
activities. EV is one of them.  

1.3 Company background 
Established in 1927, KEMA is an independent knowledge leader and a global provider of high-quality 
services to the energy chain, specializing in business & technical consultancy, operational support, 
measurements & inspection, and testing & certification. KEMA provides impartial advice and support to 
the producers, distributors, suppliers and end users of electricity, gas and heat, as well as to 
governmental bodies like the ministry of Infrastructure and Environment and Economic Affairs. In 
addition, the company also certifies high and medium voltage products and systems for a wide range of 
clients. KEMA’s contribution to the automotive sector so far has only been marginal and mainly through 
partnerships hereby only focusing on areas like EMC and electronic components.  

Customized technical innovation lies at the heart of much of KEMA’s worldwide solutions. This 
encompasses everything from the origination of innovative practical answers to energy-related 
problems of the future, to the development and implementation of cutting-edge quality assurance 
services for electrical and other high-risk equipment and processes. Quality, integrity, reliability and 
expertise are KEMA’s core values. 
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Those four core values are of fundamental significance due to the complexity of the settings in which 
KEMA operates. The international energy world must soon face its greatest challenge: realizing a 
sustainable balance between economic interests, securing an affordable energy supply and addressing 
growing concerns about the environment and climate. This challenge has to be faced against a 
background of ever-increasing energy demand were EV can be one of them.  

The combination of expertise in energy-related strategic and policy consultancy as well as technological 
know-how distinguishes KEMA from other service providers making them a key player in assuring the 
availability, reliability, sustainability and profitability of energy and energy-related products and 
processes. This also underpins KEMA’s broad global customer base consisting of advisory bodies, 
standardization committees and other organizations concerned with energy and testing & certification.  

KEMA’s mission is to act as an independent, leading authority that delivers added value for its customers 
by providing risk, performance and quality management services linked to the production and use of 
electricity, gas and heat. To this end, KEMA investigates and advises on energy-related issues, offers 
operational support to energy companies and bulk energy consumers and inspects and assesses the 
condition of infrastructural assets.  

1.4 Objectives and challenges  
Main objective of this thesis is to describe and analyze the developments in and around the field of 
electric vehicles in the Netherlands by applying a multi-level approach. Furthermore, since these 
developments are rather complex and evolve rapidly energy consulting company KEMA was curious 
what this would mean for them specifically. In particular, what does KEMA-NET need to do, change or 
focus on internally or business model wise to bring in more EV related work and strengthen their market 
position? However, the research aim is not about the discussion whether EV are the best alternative for 
ICEV.      

A way to justify this kind of research for the Master Innovation Sciences falls back to the notion of 
interdependence as the relation between the social and in this case the technical aspect of small or big 
changes is often underrated by policy makers, technicians, or users among others. Without social 
support even the best technologies hardly can function or even survive. This means that we cannot see 
them separated from the context they operate in. We have to take the entire picture in consideration to 
be able to make clear and grounded conclusions about the aspects observed.  

Translated to EV, governments, OEM, and electricity companies have to recognize among others the 
demands, solutions or functions it fulfills for its users. Without user preferences and choices EV or 
technologies in general cannot exist. It’s the constant interaction and interdependence between the 
different actors and their rules, routines, institutions, etc. that make the picture work. When a dominant 
technology is integrated in society, like for example the fossil-fuel based vehicles, one needs a co-
evolution and alignment of all the components or factors involved to implement a new technology 
successfully. To make the transition towards EV work aspects like electricity networks, charging 
equipment, consumer behavior and tax rules need to be adapted. This is also were opportunities lie for 
the company KEMA.  
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The take-off towards a more sustainable mobility sector, in this case through EV, has always been 
hampered by resistance to change of the existing fossil fuel based actors like the automobile and oil 
sector. For several reasons EV still have a hard time breaking through. Nevertheless, the last couple of 
year’s serious progress has been made as most of the parties see the need for a more sustainable way of 
transportation.  

A change towards smaller and light-weight EV would require changes in knowledge and competences of 
the automobile and electricity sector in car design, safety concepts, production methods, infrastructures 
and user preferences. Especially the last point which consists out of affordability, broad usability, speed 
range, acceleration and radius of action have till so far not resulted in a matching vehicle. Besides, 
traditional car manufacturers build and invested a lot of knowledge and money in the current 
production and assembly facilities.  

As a result, they prefer cars were the internal combustion engine is replaced by an electric one keeping 
the rest of the car rather the same. A disadvantage of this metal skin is the weight which results in 
unnecessary big batteries and lower energy efficiency. If developed from scratch EV could be designed 
and build differently hereby reducing the number of components and weight.  

Also the oil sector with their fuels and maintenance industries supplying disc brakes, brake pads and 
exhaust can lose a significant part of their business because EV are expected to require in general less 
fossil fuels and maintenance. All together, system changes result in challenges and chances for a 
multiple of different companies and industries. Bringing the electricity and automotive regime together 
EV offer business opportunities to companies like KEMA which provide solutions throughout the entire 
energy chain.        

1.5 Research questions 
In this thesis our current fossil fuel based vehicles are seen as the established and relatively stable socio-
technical regime. The regime describes therefore, simplistically, the common way of using our current 
day vehicles. EV offer in this perspective a radical change which currently expresses itself by a negligible 
market share. This is why EV are indicated as a niche. Combined this leads us to the first research 
question.  

1. Which trends / developments in the field of electric vehicles can be expected? 
a. Which dynamics and developments are relevant for the automobile sector and the electric vehicle 

niche? 
b. How is the automobile sector structured?    
c. What are the characteristics and developments in the various electric vehicle related fields in the 

Netherlands? 

The thesis is carried out for the company KEMA in the Netherlands. Based on trends and developments 
in the EV market opportunities exist for new business. These will range from incumbent to new players 
in the automobile branch. One of the most obvious new players will be the electricity sector. However, 
besides the producers, distributors and suppliers of electricity also manufacturers of batteries and 
charging equipment will see an increase in demand.  
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Hence, opportunities exist for companies like KEMA who have their roots in the electricity market. 
Having a broad knowledge base in the energy market KEMA is able to deliver a solution to a multiple of 
questions and problems occurring during the transition. To map the possibilities in this new field of 
business a second research question is formulated.          

2. Which strategy recommendations and possible business model adjustments in the electric vehicle 
niche can be made for KEMA-NET?  

a. What is the current position of KEMA in the various electric vehicle niches in the Netherlands? 
b. What are KEMA’s main business models in the field of electric vehicles? 
c. How to generate or innovate business models? 
d. What kind of problems and market demands can be distinguished in the field of electric vehicles? 
e. In which areas of the electric vehicle niches where KEMA-NET is already active can they expand or 

continue their current business practices?  
f. Which new areas in the electric vehicle niches can provide new business opportunities for KEMA-

NET? 
g. How could possible new business models for the electric vehicle niche look like? 

Accordingly, the research will first concentrate on the Dutch market developments and opportunities in 
the field of electric vehicles. Based on the results of this first part the second part will examine the 
business opportunities and possible adjustments required in KEMA-NET’s business models in order to 
adapt itself to the requirements, demands and ways of generating business in the emerging electric 
vehicle market. 

1.6 Contribution to the field  
The thesis will be an application of the Multi Level Perspective (MLP) and Strategic Niche Management 
(SNM) theories, used by the department Innovation Sciences, on the field of EV. Companies and 
institutions developing products or services for sustainable niche markets admit having difficulties to put 
their, by now, economically feasible products on the market. Since SNM focuses primarily on developing 
the entire niche or value chain in total, little attention is being paid to the different companies 
individually.  

This research will therefore try to combine and incorporate the use of business model theories from the 
group Innovation, Technology Entrepreneurship and Marketing (ITEM) to fill this gap. A weakness of 
business model theories is the fact that they only look to the company at hand. This means that only a 
small part of the value chain is being covered.  Therefore, by combining the two theories both can learn 
from one another. Research combining both fields is at the moment minimal, however.  
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1.7 Scope  
The scope of the report is to innovate KEMA-NET’s business models based on the current developments 
in the Dutch EV market. However, one should recognize that similar developments occur globally 
making the opportunities, resulting from it, also broader usable.  

User aspects, regulations, grid and environmental impact, and market organization are some of the 
topics discussed. However, not only technological issues will be discussed as the possible transition from 
our current relative stable condition in the automobile sector towards EV does not only require pure 
technical solutions. A co-evolution of technologies, rules, policies, behaviors, markets, and the more is 
necessary which indicates that also social, economical, institutional and cultural factors have to be taken 
into consideration, changed or developed.  

The new business opportunities and business model innovations will focus on KEMA’s department New 
Energy Technologies in the Netherlands only as looking to KEMA globally is for this research too broad 
and complex.     

1.8 Methodology  
This qualitative research investigated the electric vehicle sector. The chosen theories, methods and 
procedures to answer the research questions, describe the problems, developments, trends, and make 
well founded recommendations for KEMA will successively be discussed. The necessary information and 
data was mostly obtained through literature research and semi structured interviews. The first research 
question makes use of the theories of the MLP and SNM. The MLP structured and analyzed the 
developments occurring in and around the automobile sector and the field of EV. The SNM theory was 
subsequently used to analyze the field of EV in more detail. The business model theories provided on 
their part the guidelines to distillate the necessary information from the MLP and SNM analysis.       

The first (sub) research questions were for a large part answered by the literature study and further 
completed by interviews. The input for the second research question, using the business model theories, 
was more based on the interviews, a book about business models, and the supervisor of the group 
Innovation, Technology Entrepreneurship & Marketing from the Eindhoven University of Technology.  

Literature 
An extensive literature study was executed to map and describe the trends and developments in the EV 
market. This information was then used as input and base for the interviews to make the picture more 
complete. Academic journals and papers provided the necessary grounding for the several theories and 
frameworks used throughout this thesis.  

Other reports, documents and articles from leading global institutions were used to select, comprehend 
and order the diverse information streams. The book Business Model Generation (Osterwalder & 
Pigneur, 2010), who subdivides a business model in nine building blocks, was applied as framework in 
research question two to map the different existing and new business models from the company KEMA. 
After mapping KEMA’s existing business model a SWOT analysis was carried out. This SWOT analysis 
identified several possible changes how to improve KEMA’s current business model.  
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Subsequently, single or multiple building blocks were used as a starting point for business model 
innovation. Combined with information from the literature, external interviews, and KEMA internal 
conversations several new and different business models were developed.  

Interviews  
The 21 semi structured informal interviews were held with the most important but also diverse actors 
on regime and niche level in the Netherlands and Germany visualized in appendix 1 and figure 1. The 
reason for the single German interview lies in the fact that the initial intention of the research was to 
analyze the Dutch as well as the German EV market. Only after the interview with the municipality of 
Düsseldorf it became clear that additional interviews with German actors were rather difficult to 
arrange. A German analysis will therefore be left out in this research. The different actors and their 
diversity were deliberately chosen based on their accessibility, availability, position in, and influence on 
the field, and generalizability of their input. Some were already clients of KEMA while others were 
completely new contacts.  

The interviews were open-ended and semi structured. Several questions about different topics and 
subjects were presented to the interviewees. They were not specifically related to the background of 
the respondents, however. Most interviews were held one-to-one while some were conducted by 
telephone or email. Afterwards the interviews were extensively summarized, judged on their specific 
contribution, and grouped per question, topic, and position in the field.  

Together the interviews proved to be valuable input. Especially, since they provided diverse and 
important information, input, and foundations for the SNM theory in the first research question hereby 
supporting the literature as well as sometimes challenging it. Their contribution to the second part of 
the report involved the description of market needs and opportunities in the different areas for the 
company KEMA.  

Interviews, discussions, and conversations with internal specialist and employees from the Dutch, 
German, and United States offices were used to specify the business models and knowledge currently 
available within KEMA to serve the emerging electric vehicle market. These offices were chosen because 
they contribute internally the most to KEMA’s EV business. The German office was especially opted for 
because of their relation with OEM and other research and consulting organizations in the automotive 
sector. 

Conference 
A visit was paid to the Dutch Ecomobile fair (Ecomobiel) in Rotterdam to gather information for the 
different interviews and get an idea how big and serious the EV industry really is. Although it was a 
rather small fair compared to other motor shows many exhibitors were present and most people were 
positive about the potential and success of EV. The different seminars and workshops that were 
organized during the fair offered the opportunity for more interaction and depth on specific topics.         

All the sources together provided an insight in the main factors and developments that limit but also 
support a diffusion process of EV in the Netherlands. In addition also problems and market needs were 
indentified that helped in strengthening KEMA’s position in the EV market. 
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Figure 1 Overview of Interviews 
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1.9 Structure of the report 
The structure of the report is visualized in the figure below.  It is divided into nine chapters. Chapter 1 
includes an introduction and selection of the research domain, formulations of the research questions, 
and description of the company KEMA. Chapter 2 covers the MLP, SNM, and business model theories 
used to structure the research. With an extensive literature research and 21 external interviews 
chapters 3 till 8 are shaped. First the developments in the EV niche are elaborated in chapter 3. By first 
starting with the EV niche technology on the micro-level of the MLP theory the remaining chapters that 
cover the meso- and macro-level can be put better in perspective. Chapter 4 analyses the developments 
discussed in chapter 3 using the SNM theory.  The regime and landscape developments, on the meso- 
and macro-level respectively, are dealt with in chapters 5 and 6. Interactions between the three levels 
are discussed in chapter 7. Chapter 8 elaborates on the position and business models of the company 
KEMA in the field of EV. Based on the analysis of the previous chapters as well as internal interviews 
new business opportunities and business models for the EV field are proposed. Finally, in chapter 9, the 
research questions are answered and conclusions are drawn. The structure is visualized in figure 2.           
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2. Theory  
This chapter will elaborate on the main three theories and models used to guide the research. First 
some background information of the theories will be discussed. The second paragraph elaborates on the 
three levels of the Multi Level Perspective (MLP) and their mutual interactions. Paragraph three 
describes the framework of Strategic Niche Management (SNM). This theory focuses on third level of 
the MLP, the niche. Subsection four considers the models and theories around business models. Finally, 
in the last part the concept of business models and their relation with the previous theories will be 
explained and clarified.      

2.1 Background  
For a theoretical insight a literature study is performed to develop a conceptual framework to help 
identify and gain insight into the factors that drive or could form a barrier to the adoption and diffusion 
of EV in the Netherlands. First an important point is made about the relation between society on one 
side and technology on the other. This relationship is often underrated or even overlooked resulting in a 
potential promising technology which is badly adapted and fitted towards the demands and needs of 
society. Consequently, many technologies fail or having a hard time diffusing and adjusting to society 
which is constantly changing and increasing its demands. This means that society and technology are 
dependent on each other. Mokyr (1990) goes even further in this by stating that technology is the key to 
economic growth and therefore also key to industrialization and modernization. However, in order to 
develop a new technology one needs innovations. These innovations are often not guided by demands 
of society but through tinkering about problems people come across in their daily lives.  

In order to capture this process of links between innovation and society several theories are developed 
which relate to and deal with the concept of socio-technical systems. This thesis will focus on the socio-
technical system of electric vehicles which has the potential to (partially) replace the widely used fossil-
fuel based vehicles. The framework used here will be the Multi Level Perspective (MLP) of (Geels, 2002) 
in combination with Strategic Niche Management (SNM) (Raven, 2005; Kemp, Schot, & Hoogma, 1998; 
Hoogma, Kemp, & Schot, 2002).  

Both theories are build on and emerged from evolutionary theories which have three fundamental 
pillars; variation, selection and retention. The variation pillar refers to the random creation of new 
technologies by scientist and engineers, comparable to the mutations in biology. The selection pillar 
explains the choices users make to select one technology over the other. A new technology (variation) is 
only viable or successful when selected through its users. Otherwise it dies out like the concept of ‘the 
survival of the fittest’ in biology. The third pillar, retention, falls back to the genes in biology. They 
conserve and incorporate the best practices, heuristics, routines and rules of thumb the new 
technologies produce. As a result of this, certain variations are preferred over others because they fit 
better with the incumbent practices and routines. It may reduce the risk scientist and engineers have 
because they know which selection criteria they have to face. However, it also excludes radical 
innovations that are not in line with the current practices or dominant designs and are therefore already 
beforehand doomed to fail which eventually leads to a kind of lock-in of the existing technology.  
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2.2. Multi Level Perspective 
The Multi Level Perspective (MLP) developed by Geels (2002) distinguishes three levels and their 
interactions to analyze technical changes / transitions / innovations in socio-technical systems. On the 
macro level one finds the landscape developments which generally are deeply rooted and change very 
slowly in the order of decades. The main level in the middle consists of regime activities. Finally, the 
niches compose the micro or lowest level in the framework. The relation and interactions between the 
different levels, which can cause changes on regime level, are visualized in the figure 3 below.  

In general, higher levels have a higher stability and stronger structure as far as rules, regulations and 
relations. The theory distinguishes the regime as the main part of analyses which is influenced through 
interaction with the higher landscape level respectively the lower niche level. So top-down as well as 
bottom-up forces influence the process. A possible transition from an emerging niche will always end on 
the regime level. Because the regime consists in general of a stable surrounding including forces that 
resist change, little room is available for an emerging niche to become the mainstream technology. As a 
result, many innovations are incremental in nature hereby not disrupting the entire system. Every 
component will now be further elaborated on.  

Socio-technical Landscape 
As visualized above the macro level is formed by the socio-technical landscape. The landscape’s set 
consisting of deep structural trends, material and non-material elements influences and puts pressure 
on the lower regime and niche level. Developments and changes in the landscape are generally slow and 
difficult to influence by individual actors from the lower levels of the socio-technical system. One can 
identify several trends and elements on this level like for example politics, climate change, highways, 
culture, demography, spatial organization, norms and values, Kyoto protocol, fuel prices and electricity 
infrastructures. Together they help shaping the regime hereby stimulating but also blocking certain 
technological paths.        

Figure 3 The three layers of the MLP                 Source: (Geels, 2004) 
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Socio-technical Regime 
The socio-technical regime comprises the cognitive, normative and regulative rules, relations, 
expectations, institutional settings and infrastructures that guide and govern the behavior of the actors 
in the socio-technical system. Or as Rip and Kemp (1998) define it:  

“A technological regime is the rule-set or grammar embedded in a complex of engineering practices, 
production process technologies, product characteristics, skills and procedures, ways of handling 
relevant artefacts and persons, ways of defining problems; all of them embedded in institutions and 
infrastructures”.   

The socio-technical system of the car, visualized in figure 4, consists out of a group of components and 
their mutual linkages necessary to realize its function. The different actors involved create, keep up, 
refine and reproduce the elements of the socio-technical system were the rules on their part guide, 
steer and orient the activities of the actors. Every actor has its routines, perceptions, resources and 
other rules specific to that social group.  

 
Figure 4 Socio-technical system for modern car-based transportation  Source: (Geels, 2005) 

Together these factors give the regime its structure, stability and aversion to change. This resistance to 
change comes from the existing organizations, institutions and networks who want to maintain their 
position in the market and is also known as lock-in or path dependency. Innovations on regime level are 
typically incremental of nature because search heuristics guide new designs towards the current 
selection environment resulting in the inertia of the regime technology and its trajectory.      

Standard models of path-dependence describe a technologies’ victory on an initial advantage it has, 
whether or not influenced by economic, social, institutional, technical or political decisions, over other 
alternatives. This initial advantage can be based on a marketing impact, specific regulations, problems or 
accidents that cause a so called snowballing effect. Based on learning-by-doing, learning-by-using and 
learning about pay-offs one technology can quickly be preferred over others. Once having a small 
advantage vested interest like time, money, knowledge or equipment can lock-in a technology making it 
difficult to switch.  
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Even if other technologies are better it is often not enough to escape the lock-in. To overcome a lock-in 
unusual or extreme situations have to arise or internal tensions developed. However, we have not to 
forget that the (continues) success of most technologies is to a large extent (inter) dependent on the 
performance, balance and co-evolution of its components. Subsequently, a part or subsystem, being 
economic, social, institutional, technical or political, that develops not sufficiently hampers certain 
progress and expectations resulting in bottlenecks or structural tensions. Thomas Hughes (1983) 
indicated these problems as reverse salients (Cowan, 1996).      

Niches 
As a response to the incremental innovations on the regime level radical innovations or novelties 
originate from the niche level. This niche level consists of deliberately created spaces that protect or 
insulate new developments against the market forces, selection, and pressures from the regime level so 
that drawbacks like for example high costs can be offset by other, favorable characteristics like 
reliability, CO2 reduction or performance. Niches may have the form of small market niches with specific 
selection criteria according to Levinthal (1998). The protections can vary from subsidies to guide lines 
and laws. As a result technical and economical feasibility can be studied, learned and improved upon as 
well as the creation of the necessary social networks and expectations.  

Niches are in general less stable than regimes because they deviate more from existing rules. Therefore, 
the more radical the innovation the larger the mismatch with the incumbent regime and the less likely 
the niche innovation results in a break through. However, through continuous niche developments it 
becomes possible that an innovation can mature, compete with and even replace the mainstream 
technology. Based on the evolutionary theory niches can therefore be seen as breeding places for 
radical innovations that create linkages between the variation and selection environments (Raven, 
2005). The internal niche processes like expectations, learning and network building are further 
elaborated on in the SNM part in chapter 4.       

Multi level interactions 
Important aspects that connect and combine the three MLP building blocks are the interactions 
between the three levels. Without the top-down landscape and bottom-up niche interactions 
innovations on regime level will cause a lock-in and eventually come to a standstill hereby hampering 
changes or transitions towards new technological trajectories. According to (Raven, 2005) the 
interaction between the different levels is among others dependent on the stability of the regime. The 
stability is generally higher when the rules, institutions and actors are better geared to one another. 
Furthermore, changes in rules, policies, new standards or user preferences give the regime stability a 
dynamic touch. In spite of that, regimes resist change because everything is adapted to the current 
regime making changes expensive. This supports the earlier mentioned aspect that regime innovations 
are generally incremental in nature.      

According to Geels and Schot (2007) landscape developments can either be reinforcing or disruptive 
hereby making some paths easier than others. When the landscape supports the regime trajectory no 
incentives exist for transitions and niche technologies become more symbiotic. In this way niches can 
develop into performance and competence enhancing add-on technologies by solving regime problems. 
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Regime actors can also support, stimulate and participate in these niche developments by giving them 
access to R&D budgets, networks and knowledge. The regimes so to speak embrace the niches providing 
them with a solution. If on the other hand the landscape does not support the incumbent technology 
niches become an alternative to and more competitive with the regime if they cannot solve their ‘own’ 
problems. These niches have is this case the possibility to replace parts or the entire incumbent regime. 
Nevertheless, a niche replacing a regime is not self evident.   

Niche and regime developments run parallel to each other. When, through pressure from the landscape, 
Window-of-Opportunities are created the regime de-stabilizes and niche technologies get the possibility 
to change the incumbent regime. This does not mean that immediately a winner arises. Initially several 
different options (transition pathways) can co-exist, co-evolve, align and compete with each other until 
after some time one technological trajectory becomes dominant which forms the new and stable socio-
technical regime.   

All together, the MLP can thus be used to analyze the interactions and dynamics between the three 
socio-technical levels. Landscape developments can put pressure on the current socio-technical regime. 
If, as a result of landscape developments, actors in the current regime cannot sustain the incumbent 
socio-technical regime through for example technological limitations, changes in user preferences or 
regulations, a Window-of-Opportunity is created for niche technologies. Niche technologies that already 
reached maturity and can deal with the landscape developments have the possibility to replace the 
incumbent regime resulting in a transition. This entire process is visualized in figure 5. 

.     
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Transition pathways 
Based on the MLP described above Geels and Schot (2007) created four possible transition pathways 
that can be distinguished depending on the nature and timing of the interactions and dynamics between 
the three levels. According to them the MLP does not answer the question how changes happen exactly. 
The timing aspect of the interaction depends on the state of development of the niche during the 
pressure of the landscape; are they fully developed or not? The nature of the interaction is based on the 
earlier mentioned disruptive or reinforcing relationship the niche and landscape developments have. Do 
they support the regime or do they create a stimulus for change? The four paths will now shortly be 
elaborated on.      

Reproduction process 
This occurs when the landscape does not exert pressure on the regime. The regime stays stable and no 
transition comes about.  

1. Transformation path 
A transformation is initiated in the socio-technical regime through moderate pressure from the 
landscape. The regime is not flexible or adaptable enough to absorb the pressure with the current 
available elements. On the other hand, the pressure comes into being while the niches are not yet 
sufficiently developed hereby not being able to take advantage of the landscape pressure either. As 
a result regime insiders will change their perceptions, use their adaptive capacity and start 
reorientations sometimes supported by symbiotic niche innovations. In the end the regime actors 
are still the same but their search heuristics, rules, institutions and routines are changed through 
cumulative adjustments and reorientations resulting in a new configuration of the socio-technical 
regime.  

2. De-alignment and re-alignment 
In this path the landscape pressure is more disruptive compared to the one in the transformation 
path. Because it comes more sudden problems may cause regime actors to lose faith which leads to 
de-alignment and disintegration of the regime. This ‘wound’ cannot be fixed anymore by changes in 
the incumbent regime like the previous path hereby offering possibilities for niches. Again, here 
niches are not sufficiently developed yet making a clear substitute unclear. Accordingly, various 
niche innovations will co-exist and compete with each other resulting eventually in one dominant 
technology. The disintegrated regime will re-align with this new technology which forms the core of 
the new regime.           

3. Technological substitution 
The incumbent regime is replaced through mature niche technologies as a result of a disruptive 
pressure from the landscape. This path differs from the ones above because it assumes that the 
niche technologies involve radical innovations which have already stabilized and gathered internal 
momentum. Due to a rather sudden shock the landscape pressure leads to tensions and a 
disintegration of the regime. The pressure creates a Window-of-Opportunity for niches. Because of 
the maturity of the niches they are able to compete with the incumbent regime on the market. The 
regime starts to defend itself against the newcomers which eventually can replace or co-evolve with 
the old regime.          
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4. Reconfiguration 
The last pathway has some similarity with the first one. Its main difference can be found in 
significant changes in the basic structure of the regime. Initially niche innovations are used as add-
on technologies to solve problems occurring on regime level. Then they start causing adjustments in 
the structure of the regime because regime actors see new opportunities for the new and old 
technologies together. Over time this can lead to changes in rules, routines and search heuristics 
again creating space for new niche innovations. This cumulative process can, if enough landscape 
pressure is available, add up to a major reconfiguration of the regime. Or as Geels and Schot (2007) 
put it; ‘the new regime grows out of the old regime’ often caused by an interplay of multiple 
technologies instead of one.      

Sequence of transition pathways 
This last possibility can occur when a disruptive landscape pressure initiates several or a combination of 
transitions after one another. This is the result of the slowly increasing pressure leading to more 
disruptiveness and change in the regime. It can start with a transformation which can lead to a 
reconfiguration which proceeds in a substitution or a de- and re-alignment. 

2.3 Strategic Niche Management  
SNM provides a framework to analyse the failure or success for introducing radical (sustainable) 
innovations in society. Many technologies do not survive the demonstration phase because of increased 
complexity, large number of parties involved and bad fit with the existing regime. As a result SNM 
developed strategies and guidelines to stimulate niche development. SNM is based on two theories. 
First, the evolutionary theory like the MLP and second, the Constructive Technology Assessment theory 
which aim is to explore methods for influencing technological development. Kemp, Schot and Hoogma 
(1998, p. 186) define SNM as:  

“the creation, development and controlled phase-out of protected spaces for the development 
and use of promising technologies by means of experimentation, with the aim of (1) learning 
about the desirability of the new technology and (2) enhancing the further development and the 
rate of application of the new technology”. 

Radical (sustainable) innovations are generally in the beginning not completely developed and 
economically feasible. By first doing R&D and later on experiments, tests and pilots in a protect 
surrounding they can reach after some period the stage where they can compete with main stream 
markets. When they reach this point they change from a technological niche into a market niche. SNM is 
a theory which takes all the factors around the technology into consideration. The different actors with 
their specific interests are one example of the factors necessary to achieve a broad and successful 
acceptance during the introduction. This requires a clear vision or expectation of the actors, a broad and 
heterogeneous network and sufficient collective learning processes. 

  



   

 
 

26 

In order to achieve a stable niche one needs among others a clear long-term vision and a stable financial 
support to gain enough confidence among its participants. During the niche experiments the different 
actors interact with each other resulting in more and better understanding about the technology and its 
impact on society. One should keep in mind that a niche forms the congregate level on which all “local 
experiments and practices are compared, lessons and expectations between locations are transferred, 
and delocalized general knowledge of the technology in question is formulated” (Raven, 2005).  

According to Raven (2005), Hoogma (2000) identified four different kinds of experiments were every 
subsequent experiment requires more data, information and knowledge to introduce the innovation: 

1. Explorative experiments: they are often used in the initial phases to define problems, explore 
possible changes as result of innovations and learn how to set up future experiments. 

2. Pilot experiments: they are used to create public and industrial awareness, test the feasibility 
and tolerability in new environments and open policy making.   

3. Demonstration experiments: to show potential users the advantages of a certain innovation and 
stimulate adoption. 

4. Replication / dissemination experiments: to disseminate proven technologies, methods or 
models by replication.   

Together these experiments reflect important sociological and evolutionary factors of the niches. In 
conformance with Raven (2005) they first of all bridge to evolutionary gap between the selection and 
variation environment described above. Second, they are often protected against regime influences. 
Thirdly, reflecting the sociological component, experiments are often characterized by uncertainty and 
limited structuration in their early phases. 

According to Schot et al. 1996 (Raven, 2005) three processes are of importance to analyze niche 
development and social experiments. They will be successively discussed.      

2.3.1 Voicing and shaping of expectations 
It is important for actors who want to promote a new innovation to express their vision on the new 
innovation in the early years of development because the advantages of a new technology are often not 
yet evident, broad and fragmented. The different visions and technologies still have to prove their value 
and are facing many resisting forces. Through promotion and promising expectations or visions it is 
possible to obtain and validate resources such as capital, time, knowledge and effort especially while the 
new technology does not have any market value yet (Raven, 2005).  

Expectations can be powerful if they are “shared, credible (supported by facts and tests), specific (with 
respect to technological, economic and social aspects) and coupled to certain societal problems which 
the existing technology is generally not expected to be able to solve” (Kemp, Schot, & Hoogma, 1998). 
Expectations can give direction to R&D activities. This also means that R&D can validate but also change 
former expectations. Therefore a large chance exists that the outcome of R&D activities are comparable 
with the expectations expressed in advance (Geels & Raven, 2006). In order to “couple expectations 
about technologies to societal problems, actors will translate their own expectations to other actors and 
engage in cooperation” (Kemp, Schot, & Hoogma, 1998).  
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2.3.2 Network formation  
The success of an innovation can substantially be influenced by the structure and composition of the 
social network around it. A well build and maintained network can bring (new) actors together to share 
responsibilities and risks, carry expectations, express new requirements and sustain the development 
process . Van der Laak et al. (2007) consider a network good if 1) it is broad, includes firms, users, policy 
makers, scientists, and other relevant actors, and 2) if alignment among actors is facilitated through 
regular interactions. Furthermore, networks can be evaluated on their heterogeneity, completion, 
density and number of regime outsiders. They will now be shortly elaborated on.        

• Network heterogeneity; number of actors with different interests and roles. 

• Network completeness; are all necessary actors involved in the process or are some important 
ones missing?  

• Network density; the interconnection between all the actors involved. 

• Regime outsiders; Van de Poel (2000) defines it as: “Outsiders will be defined as actors not 
involved in technical development or decision-making about technology and not sharing the 
rules that guide the design and further development of a technology. The totality of such rules is 
defined as the technological regime. Outsiders thus do not share rules of the existing 
technological regime”. 

Throughout the years the size of the network increases resulting in more resources to conduct 
experiments, involvement of regulators, rise of commitment of participants and specific roles of actors 
become clearer. Together this results in a more stable network with less disruptive changes and actor 
dropouts. One should keep in mind that incumbent (regime) actors, although having the resources to 
maintain niche developments over longer periods, usually do not have incentives to stimulate a new 
technology. They often participate for defensive reason and sometimes try to slow down or even stop 
niche development which can lead to incremental instead of the desired radical innovations.  

To prevent this from happening one needs also outsiders that are rather new and ‘fresh’ but sometimes 
have limited resources on hand. However they are generally not biased or influenced by other niche 
aversive interests. Also third parties like environmental groups and people who can negatively be 
affected by the new technology have to be involved in the process to prevent later problems and 
potential delays (Kemp, Schot, & Hoogma, 1998; Raven, 2005). 
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2.3.3 Learning processes  
Learning processes are next to expectations and social networks important for the successful emergence 
of a technological niche (Schot & Geels, 2008). The existing fossil fuel based automobile regime is 
difficult to change because of lock-in and a resistance to change (van der Laak, Raven, & Verbong, 2007). 
When there is more knowledge available about the technology new projects can be more successful and 
the niche technology can build up internal momentum. Also preferences of users and the willingness to 
change by incumbent users is an important factor to predict the ability of change. The SNM literature 
distinguishes in general two types of learning: first- and second-order learning (Schot & Geels, 2008).  

First-order learning is about the collection and recording of data and facts. Experiments that are strongly 
based on technology, with a technology-push character, are in many cases based on this type of 
learning. The actors involved are in general technology actors which are interested in the development 
and effectiveness of the technology. They want for example “to verify pre-defined goals or to reach 
goals within a given set of norms and rules” (Raven, 2005). The SNM approach differs from the 
technology-push method by taking also knowledge and expertise of users and other actors of the 
technology development process into account hereby generating interactive (second-order) learning 
processes (Kemp, Schot, & Hoogma, 1998).  

Second-order learning is therefore not based on rough data but on a change in the cognitive framework 
by focusing on underlying norms, values and beliefs. Learning at the cognitive level can change the 
priorities and problem agendas of the different actors (Raven, 2006). The things learned can therefore 
indirectly change the expectations which were mentioned above. The distinction between first- and 
second-order learning is therefore important when evaluating a technology.  

The involvement of outsiders to stimulate second-order learning is also supposed to be important. 
These actors are not involved in the technical development and the decision-making process but can 
have significant contribution to the developments of niche technologies (Van de Poel, 2000). Learning 
from the visions from outsiders and interaction with outsiders (e.g. second-order learning) can make an 
experiment more successful. 

Kamp, Smits, & Andriesse (2004) identified four different forms of learning processes during an 
experiment. These types are: learning by searching, learning by doing, learning by using and learning by 
interacting.  

• Learning by searching; based on systematic searching for solutions and facts. This type of 
learning is in general first-order learning and the results are normally formalized  

• Learning by doing; it creates in general tacit knowledge during the manufacturing stage. The 
different technology actors involved can for example learn during the production of the 
equipment what results in better production skills.  

• Learning by using; differs from the one above because it is based on using the technology in real 
life. An important condition for this type of learning is the involvement of users.  

• Learning by interacting; is based on the interaction between the users and the producers of the 
new technology. In principle it means that, by interaction, users can learn from the producers 
and producers can learn from the users. 
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Experiments are a way for the new technology to become socially embedded. A broad learning process 
therefore stimulates the articulation of needs, problems and possibilities so that actors can learn from 
the results and make technological or societal adjustments. According to Raven (2005), Hoogma et al. 
(2002) distinguished five aspects for actors to focus on when learning about an experimental 
introduction:  

• Technical development and infrastructure: this includes learning about design specifications, 
required complementary technology and infrastructure;  

• Development of user context: this includes learning about user characteristics, their 
requirements and the meanings they attach to a new technology and the barriers to use they 
encounter;  

• Societal and environmental impact: this entails learning about safety, energy and environmental 
aspects of a new technology;  

• Industrial development: this involves learning about the production and maintenance network 
needed to broaden dissemination; and  

• Government policy and regulatory framework: this involves learning about institutional 
structures and legislation, the government’s role in the introduction process, and possible 
incentives to be provided by public authorities to stimulate adoption.  

2.4 Business models 
During the research on the available literature on business models it became obvious that most of the 
scientific papers were addressed to developments in e-business (Mahadevan, 2000; Amit & Zott, 2001; 
Gordijn & Akkermans, 2001; Osterwalder, 2002 Osterwalder & Pigneur, 2002). Literature combining 
business models and sustainable niche technologies is minimal or even completely absent. In case of the 
EV only two found articles were found which are related to the Vehicle to Grid (V2G) concept. Though, 
they are still focusing on the types of institutions and financial transactions that would make V2G 
profitable rather than changing or adapting current models of companies to new market opportunities 
(Kempton & Letendre, 1997; Kempton & Tomic, 2005).   

As a result a combination of two approaches and papers is used to identify the relation and 
opportunities for a company in an emerging business (Morris, Schindehutte, & Allen, 2005; Osterwalder, 
2004, 2007). However, no consensus exists regarding the definitions, nature and structure of the 
business models besides the fact that they in general fall back on the aspect of value creation. 
Throughout the thesis Osterwalder & Pigneurs’ (2010) definition of the business model will be used:  

“A business model describes the rationale of how an organization creates, delivers and captures value.” 
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Framework of Morris et al.  
According to Morris et al. (2005) the theory of value creation behind the business model goes back to 
the Value chain framework of Porter (1985), Schumpeterian innovation (Schumpeter, 1934), the 
Resource based view of the firm by Barney et al. (2001), Gulati et al. (2000) and Jarillo’s (1995) Strategic 
network theory and Williamsons’ (1981) Transaction cost economics. Subsequently they developed a 
model which depicts a strategic framework, visualized in figure 6, to conceptualize a value-based 
business consisting of three specific levels of decision making. Each level is further divided again in six 
components making it helpful for strategically changing or adapting the fundamental elements of a 
business.   
 

 

 

 

 

 

 

 

 

 

              Figure 6 Framework of Morris et al. (2005)      Source: Elbers (2010) 

The foundation level is generic and guides the primary choices about what to do and not to do. This 
comprises of a standardized set of decisions every company has to make like:  

• Offering; the nature of the product or value proposition and how it is delivered to the customer  

• Market; for which customers is it producing and where in the chain will it operate 

• Internal; the firm’s internal skill set or core competency that’s better than its competitors  

• Competitive strategy; position in the market, efficiency, innovation leadership 

• Economic; how is the money earned, volumes, margins, flexibility in prices 

• Growth / Exit; future time, scope and size ambitions? 

The second, proprietary, level becomes more strategy specific and unique because of interactions and 
configurations between the six components of the foundation level. As a result it is difficult to replicate 
giving the company a sustainable advantage. The last and third level consists of the rules that ensure 
that the foundation and proprietary factors are “reflected in ongoing actions” (Morris, Schindehutte, & 
Allen, 2005). These rules better reflect the firm’s value proposition and can distinguish two companies 
having otherwise the same building blocks of the model.          
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Framework of Osterwalder 
The second model used, currently considered being the most recent in the field of business models, is 
developed by Osterwalder (2004) and consists of nine building blocks. These nine visualize the logic of 
how a business intends to make money and cover the four main areas of customers involved, offerings 
delivered, infrastructure used and money earned / spent. According to Osterwalder & Pigneur (2010), 
who improved their business model throughout the years, a business model is “like a blueprint for a 
strategy to be implemented through organizational structures, processes, and systems”. The framework 
with its internal linkages and interactions is visualized in the figure 7 below.  The nine blocks will now be 
discussed briefly. 

Figure 7 Interaction of business model aspects (Osterwalder, 2007; Osterwalder & Pigneur, 2009)             Source: Elbers (2010) 

H 

• Customer Segments; which group(s), based on common needs, behaviors or attributes are 
aimed for and served. They strongly influence the choices made in the remaining blocks.   

• Value Propositions; the combination of services or products delivered to the customer varying 
from solving its problems, satisfying its needs to help getting certain jobs done. This can be 
achieved through a design, brand / status, price and risk or cost reduction among others.     

• Channels; the different ways to communicate, sell, reach and distribute to customers.  

• Customer Relationships; the kind of relationship the company has with a customer segment. 
This can vary from personal assistance to automated or self service and communities.  

• Revenue Streams; cash inflow per customer segment as a result of value propositions 
successfully offered to customers. You can distinguish for example fixed or dynamic prices, 
bargaining, volume dependent, one-time or recurring revenues.  

• Key Resources; resources necessary for the value proposition, the distribution channel, the 
relationships, etc. These can be intellectual, financial, human or physical and owned or leased by 
the company or acquired through key partners.  

• Key Activities; most important actions a company must do to deliver the value proposition, 
reach markets, earn revenues, etc. Examples are problem solving, software development, 
knowledge management and production among others.  
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• Key Partnerships; partners and suppliers who deliver certain activities respectively deliver the 
key resources. Reasons for partnerships can be found in risk reduction, economies of scale or 
strategy. 

• Cost Structure; most important costs involved in the different blocks of the business model. In 
general two groups of companies can be distinguished. The ones that are value-driven and the 
ones that are cost-driven. 

Although other factors influence the level of acceptance and success of a new technology, the business 
model adapted to the value chain through which the new technology will enter the market remains key. 
Chesbrough (2010) goes even further by stating that a “mediocre technology pursued within a great 
business model may be more valuable than a great technology exploited via a mediocre business 
model”. Therefore, by innovating an existing or creating a new business model and differentiating 
themselves on aspects like sales channels, value propositions, or customer segments outsiders as well as 
incumbent regime actors have the opportunity to distinguish themselves from others in the value chain. 
The value chain represents here a connected series of organizations, resources, and knowledge streams 
necessary for the creation and delivery of value to end customers.    

In the past the idea more or less was that few business models dominated an industry and that this 
industry also defined the companies’ business models. This outside-in, implementation and linear 
thinking seems to be changing as business models increasingly are transforming industries. This inside-
out, exploratory, design and more opportunistic approach also results in the fact that nowadays multiple 
business models can exists in and across industries (Osterwalder & Pigneur, Business Model Generation, 
2010).  

2.5 Linking the three theories 
This paragraph will elaborate on the relation between the theories discussed in the previous ones. Their 
mutual resemblance is related to the different theory components that have an influence on radical 
innovations of products or processes.  

The MLP shapes the highest abstraction level hereby making the distinction between the three levels 
visualized in figure 3. This distinction makes it possible to place SNM and BM in a broader context and 
makes the mutual relations and interactions between the levels clearer. As for SNM, it describes and 
structures the broad development of niche technologies on the micro-level of the MLP. However, by 
coordinating and focusing more on the industries’ value chain and herewith the overall business model 
limited attention goes towards the structure and organization of the different individual businesses that 
constitute the different niches.  

Business model theories more or less fill this gap as they primarily coordinate and focus on the different 
individual actors and companies. There shortcoming lies in the fact that they only cover and contribute 
to a small part of the entire value chain. Combined this means that SNM and BM are complementary 
and can learn from one another hereby overlapping and intensifying the outside-in and inside-out 
perspective respectively. 
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The strength of combining SNM and business models lies in the fact that together they cover and 
describe in detail the entire niche, on macro and micro level respectively. Instead of just indicating the 
quality of the network business models can contribute and improve SNM by making it more specific and 
precise on actor level. The other way around, by utilizing the three SNM pillars network formation, 
voicing and shaping of expectations, and learning processes business models can receive a broader 
support in balancing several companies’ business models.  

The process management approach of SNM focuses on the shared expectations to increase legitimacy 
and give the value chain a certain direction. The network facilitates mutual interactions between the 
value chain actors which can grow to a protected micro market including all the necessary resources to 
make the product or service work. Learning processes constitute the third pillar and are vital for the 
creation of new rules and design heuristics. Combined this can result in a higher stability, less risk, better 
communication, structuration and harmonization throughout the value chain making the accumulation 
of knowledge go faster to stimulate and guide the development and progress of the innovation at hand.  

The several regimes like the ones of the automobile and the electricity sector on the meso-level of the 
MLP operate mostly separate and independent from one another. Each regime has its own actors, 
networks, social-technical system, rules, routines, business models, etc. Since regimes are generally 
resistant to radical changes innovations are mostly incremental of nature. These incremental 
innovations can therefore usually be handled inside one organization or company. This means that the 
companies’ business model can slightly change without substantially affecting the remaining actors in 
the value chain making the origination of a niche rarely necessary.  

Nevertheless, if innovations like EV are too radical to be handled inside one organization or company 
they rely to a large extent on a social network of different actors who together form the micro- or niche-
level of the MLP. By focusing on the entire niche industry SNM uses these social networks as 
prerequisite to carry the experiments necessary to further develop the new technology and put it on the 
market. In business model terms this is a value chain on which also a social network is connected. As a 
result both theories have in common that they look, although each from a different perspective, to the 
social networks necessary to further develop and commoditize radical innovations. 

To make radical innovations work generally new value chains need to be established or existing ones 
adjusted and harmonized. These industry wide value chains are essential for a companies’ business 
model and existence since few companies are in the position to act completely independent from 
others. This means that for most companies to become profitable they need to gear their business 
model and with that their internal value chain to other companies and organizations throughout the 
industry wide value chain.  

However, this repositioning process during niche developments can increase tensions among companies 
as they may try to exclude intermediaries by exploring and exploiting information circulating throughout 
the value chain. One should note however that improvements made in the value chain or new business 
models developed for a certain company are therefore not necessarily favorable for other actors in the 
value chain.  
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If a technological niche at some point becomes a market niche and has to start competing with the 
regime technology, actors generally commercialize their service or product through a business model. 
Outsiders (Van de Poel, 2000) often create a new market need or they find an existing but unanswered 
one and develop a service or product around it. Not being biased by existing business models like 
incumbents these outsiders often bring their value propositions to the market by distinguishing 
themselves by having substantially different models.  

Some regime actors on the other hand, who are active in the niche, apply the same business models 
from the regime onto the niche. As these incumbents are familiar with these business models it can be 
easier for them to stick to their ‘old’ habits. This can happen unconsciously yet not favor the niche 
technology. Reasons why these regime actors are part of the niche network can vary among others from 
being a potential technology to improve or replace an actors’ existing business, just keeping track of 
niche developments so actors are not too late if it breaks through, or deliberately delaying niche 
progress to benefit from the regime technology. 

The overlap between the SNM and Business model theory is visualized in figure 8.  
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BM: coordination of individual companies’ internal processes and networks 
necessary to deliver value to generally only a small part of the entire value chain 
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Figure 8 Overlap SNM and Business models 
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3 Niche analyses 
As discussed in the theoretical part, the niche represents the variation environment where radical 
innovations or novelties around new systems are developed so that they can replace regime practices. 
These active ‘incubation rooms’ at the micro level of the MLP (figure 9) protect and shield them from 
the mainstream market since it is likely that they otherwise would not survive due to instability and 
misalignment with the current regime practices. As a response to landscape developments like oil prices, 
security of supply, and climate change which will be discussed in chapter 6, several technological niches 
emerged including fuel cell vehicles (FCV), battery electric vehicles (BEV), hybrid electric vehicles (HEV), 
plug-in hybrid electric vehicles (PHEV), compressed air vehicles (CAV) and natural gas vehicles (NGV).  

 

Figure 9 Niche analyses micro-level MLP     Source: (Geels, 2004) 

Some of these alternatives already became small market niches by means of a dominant design. Still 
none of them form a major threat to the fossil-fuel based car regime, yet, because of several reasons 
discussed in this chapter. In order to make a significant difference in direct and indirect CO2 emissions a 
large percentage of the current fossil-fuel based vehicles could be replaced by electric drive trains. To 
achieve a reduction in emissions EV should not be restricted to low-mileage niche markets only, nor 
should they replace other less polluting means of transportation like walking, bicycling and public 
transportation (Gardner, 2010). 

In spite of many internationally introduced or announced initiatives on local, regional and international 
level, we have to acknowledge that only a relative small but increasing group of people is working on EV. 
This will also be reflected in the number of EV on the roads the coming few years. Besides, predictions 
about the possible market share, penetration and type of EV vary substantially indicating that no one 
knows the answer and opinions are divided. This is visualized in figure 10.       
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If the Dutch governments’ goal of 200.000 EV in 2020 is going to be reached EV still have an insignificant 
market share compared to the other 8-9 million fossil fuel ones (Rijksoverheid, Elektrisch Rijden). 
Nevertheless, criticism on EV is often based on short term results whereas the real benefits probably 
only going to visible over 20 years and more when renewable energy sources have gained a larger 
market share. This increase in renewables generally will require some kind of buffer capacity to level of 
fluctuations and separate supply from demand. Focus of the entire industry and governments has to be 
on at least 2030 if not 2050 and the results established so far should be judged in this perspective 
(interview 18). If we know what we want to achieve in 20 or 40 years from now it is possible to take the 
upcoming years actions correspondingly.  

This chapter will start with some background and history related to the earlier struggle between fossil 
fuel and electric vehicles. After this the different influences, factors, motives, and developments in and 
around EV will be discussed. In paragraph 3.7.1 about segmentation the theory of the Technology 
Adoption Lifecycle (Rogers, 1964) will be used to explain and visualize the diffusion of the EV technology 
in society. The idea behind this theory is that people’s’ motives to purchase a product or service change 
during the technologies’ lifecycle. This has on its part implications for the different parties involved. 
Paragraph 3.7.2 elaborates on the financial aspects around EV. Theories discussed by Hinchy, Naughten, 
Donaldson, Belcher, & Ferguson (1991) will be used in this paragraph to explain the tradeoff between 
higher capital costs for more energy efficient products with lower operating costs.        

3.1 History 
Between 1832 and 1839 (the exact year is uncertain) the first electric propelled carriage was invented by 
Robert Anderson (General Motors). The ‘cars’ in the period between 1835 and 1900 were preferably 
propelled by electricity because of the easier operability and higher comfort compared to the first fossil 
fuel propelled vehicles. By 1900 the market consisted of electric, steam and gasoline cars; the electric 
vehicles capturing hereby the majority of the (commercial) market and gaining multiple land speed and 
distance records. Despite doubled EV sales in the United States between 1899 and 1909 the gasoline 
turnover increased by a factor 120 (Cowan, 1996).  

Figure 10 Market development scenarios  
Source: (Passier, Driever, de Lange, Ligterink, & Smokers, 2009) 
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Constant progress in ICE technology cleared the path for the gasoline car. Factors like range, culture, 
infrastructure and price as a result of mass production and refueling time were those days already 
hampering the EV. Price and culture were herein the main reason, however. From 1920 onwards the EV 
was not able to disrupt the gasoline cars’ dominance and found it use in niche markets like milk floats 
and industrial trucks.  

 

Figure 11 History of car industry with data from Cowan (1996) 

Pollution, congestion, accidents and the oil crises started to put pressure on the ICE technology in the 
car. Globally multiple EV projects were initiated in the 1970’s but failed on battery performance (range 
and end-of-life costs), purchase price through volume inefficiencies and residual value for second-hand 
cars (Harding, 1999). There were also some breakthroughs in control systems this period which made 
the change from DC to the more reliable and cheaper AC motor possible. The process is schematically 
visualized in figure 11.   

Parties owning or leasing the few EV during the mid nineties were in general large companies, public 
organizations, local authorities or electricity producers and distributors. However, the total number of 
EV remained insignificant compared to the internal combustion engine ones with in 1996 General 
Motors’ EV1 as possibly the best known example.  

Initially being a relative success with more than 1100 produced vehicles it became a fiasco when, after 
three years of leasing, they were crushed by GM themselves. A movie by Sony Pictures Classics, ‘Who 
Killed the Electric Car’, was released to visualize the role each actor had in restricting the development 
and diffusion of the EV technology. This varied from the successful federal court challenge of the car 
industry, California's zero-emissions vehicle mandate, a federal regulation requiring GM to produce and 
maintain spare parts for the few thousands EV1s and the success of the oil and car industries' media 
campaign to reduce public acceptance of electric vehicles.  
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Most significant problems in those days were the performance and price of the batteries, the small 
production numbers making economies of scale on all levels minimal, and heating and cooling of the 
passenger compartment. Besides, all EV for sale, having a few exceptions like the Think, are based on 
existing vehicles’ chassis, bodies and components. Nevertheless, the last decade significant progress has 
been made in EV technology. These results lead to probably the next important step towards BEV, the 
HEV. Toyota kicked off in 1997 with the Prius 1 which was in 1999 followed by Honda’s Insight. It 
currently looks that these HEV are bridging the gap to BEV (Lake, 2001).   

Some of this progress can be derived from developments in electronic consumer markets like the mobile 
phones. With increasing demands for lighter, faster rechargeable, consisting of less exclusive materials, 
longer lasting and smaller batteries, developments are going rapidly. This technology-push combined 
with the increasing market-pull for less polluting and oil consuming cars makes EV more popular and 
lasting than it has been ever before. The 2008 Tesla Roadster was the first in series produced BEV, 
available to the public, fast in acceleration and able to do highway rides. Nonetheless, research on 
performance and types of batteries will be necessary into the near future but probably not mandatory 
for the market penetration of EV. Other non-technical problems are harder to solve or further removed 
from the EV’ market introduction. Especially the combination of bottom-up niche and top-down regime 
pressures like two different industries, being the electricity and the automobile, consumer adoptability, 
and new business models will determine the success or failure of the EV (Cowan, 1996). 

3.2 Electric vehicle technology 
Throughout the years many different types of propulsion have been developed as alternatives to the ICE 
(figure 12). However, this report will focus on the PHEV and BEV niche technologies only as they are 
completely or to some extent dependent on the electricity infrastructure for recharging. BEV are 
regarded as full EV which can run on electricity only. PHEV are supported by or supporting an ICE but 
their battery package can also be recharged by plugging it into the grid. This important demarcation of 
the research means that HEV will be left out of the analyses as they are mainly propelled and recharged 
by the ICE and consequently rely more on the existing fuel infrastructure with petrol stations. The 
electricity infrastructure dependence of PHEV and BEV requires therefore more adjustments technically, 
economically and culturally compared to other variations on the ICEV like HEV.  
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Figure 12 Different kinds of power trains                     Source: (van Mierlo, 2008) 
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The boundary between the niche and regime level comes down to the fact that niche technologies are 
those that are currently not available to the majority of the consumers and still have some kind of 
dispensation or stimulus package which protects them against market selection of the regime 
technology. Based on the distinction above PHEV and BEV are in this report regarded as niche 
technologies whereas ICEV form the regime technology. In the remainder of the report EV will be used 
to capture both PHEV as well as BEV unless otherwise stated.    

The reason why electricity is popular as future ‘fuel’ comes down to several aspects. It is already 
commonly used worldwide and can among others easily, and often at high efficiency, be converted in 
appliances for motion, heat or light. Applying this to EV you see that total efficiency of the so called well-
to-wheel process is almost two times higher compared to ICEV ones. Environmental impact will be 
further discussed in subsection 0 .   

The ‘fuel’ per driving kilometer is much cheaper hereby not taking into account possible depreciation of 
the batteries. As a result operational costs are lower even with the potential to become cheaper in 
overall costs as well. Electricity can be generated through several technologies making it hereby less 
dependent on primary energy sources like oil and gas. As a result other (niche) developments in 
hydrogen and biofuels are not excluded.  

Another important aspect is the required infrastructure necessary to provide all the people with a 
certain product. If you take a look at the current infrastructure necessary for our gasoline vehicles it will 
become obvious that a change to for example hydrogen will be very costly and take a lot of time. In case 
of electricity we can, depending on market and battery size, use the present electricity network. 
However, some adjustments need to made as well.      

Next to the solutions EV offer to the transportation branch internationally, they also provide economical 
opportunities for countries specifically. New companies emerge and existing ones can flourish again. The 
Netherlands has a relative large and strong automotive market with in 2009 a total turnover of €12 
billion and 45.000 employees (High Tech Automotive Systems, 2010). Although not having an OEM, 
which even can be a good thing as they can negatively influence niche development because of vested 
interests on regime level, the Netherlands has some big and leading automotive suppliers which have 
the capacity and knowledge to benefit these market opportunities. A short list of companies is visualized 
in figure 13.         
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Figure 13 automotive industries in the Netherlands     Source: (High Tech Automotive Systems, 2010) 

3.3 Operation & performance 
The first thing that becomes obvious when taking a look under the hood of a current EV is the relative 
amount of space available. The complex ICE with its additional components like the gearbox, exhaust 
system and radiator become abundant and are replaced with a relative small and simple electric motor. 
This is strengthened by the fact that current EV designs are based on the prevailing regime design. 
Reasons for this can be found in the fact that some of the current EV are modified ICEV by means of a 
conversion kit. However, this also means that concessions are made to the optimal design of the vehicle. 
Companies that transform existing ICEV in EV are confronted with problems related to loading space, 
crash safety, handling and weight distribution as a result of the heavy battery pack in the back and 
relative light electro motor in the front of the car. Nevertheless, it looks that these often small and new 
companies have triggered the OEM to accelerate their introduction of EV.    

From an OEM perspective it is of course understandable that they initially make the choice for proven 
designs and constructions. First of all, these optimized ICEV chassis & body components stand closer to 
the consumers’ perception of how a car should look like. If EV designs would become suddenly too 
radical consumer acceptation could be lower making EV penetration more difficult. Secondly, making a 
radical step in construction of the EV would mean that entire production facilities have to be 
reorganized and possibly developed. This would delay mass market launch even further. Although OEM 
maybe more cumbersome, and therefore slower with launching their first EV, compared to new market 
players they have advantages like the amount of resources, brand name, and higher guarantee of 
quality. New entrants have to develop a new design which takes several years or license and existing 
design. Efficiency is going to be an important aspect for EV because it has a big influence on the still 
limited range. Consequently, lightweight constructions and aerodynamics are going to play a more 
central role in the future of vehicle designs.             
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By removing the ICE and fuel tank and replacing it with an electric motor and battery pack ‘everyone’ 
can build their own EV. Often against high costs and most of them voids warranty, however. Yet, there 
are also a few OEM who outsource the transformation from ICEV to EV without losing warranty (Adapt). 
Even for the models that are currently making the step from demo objects towards production vehicles 
the basic design has, deliberately or not, hardly changed. Nonetheless, there are also entire new 
concepts and designs possible for EV which are the result of design and construction limitations that can 
be left out because the ICE is absent. As a result a large amount research focuses on design and 
construction of the vehicles’ power train and chassis and body because most benefits can be gained 
here. These two aspects also come back in the €15 million HTAS-EVT funding program of the Dutch 
Ministry of Economic Affairs (HTAS EVT tender, 2010).      

As electric motors are relative small they can even be placed inside the cars’ wheels making the heavy 
drive shafts, differentials, gearboxes and sometimes even brakes redundant. Compared to the ICEV the 
EV’ power train can be characterized by its simplicity. Main components include an electro motor, a 
battery, a battery management system, and power & control electronics. Even gears and brakes can 
become redundant as possibilities exist for a solid reduction and regenerative braking respectively. This 
means that engineers and designers have much more freedom during the development phases of the 
vehicle. Even so, this is an aspect that is currently hardly addressed and which can be further explored in 
the future to maximize the EV benefits.  

Besides advantages in power trains and chassis & bodies there are also other benefits to EV. Until 
approximately 50 km/h,  when tyre noise gets the overhand,  EV are also more quiet compared to ICEV 
because a lot less mechanical parts are moving, rubbing and hitting each other and no explosions are 
necessary in the chemical conversion process. As a result livability can be improved in urban areas.  
However, this reduced noise is also a potential safety issue. This will be discussed later. Towards the 
future traffic can become more manageable because the electronics make it possible to make 
adjustments every millisecond so that EV can ride closer together. Even oil changes are going to belong 
to the past if the EV succeeds as well as a clutch pedal.  

Although it often is stated that maintenance of EV will be less compared to our current cars we must not 
forget that our cars already have extreme long service intervals and are in great detail brought to 
perfection (interview 3). During these services every 30.000 kilometers in general only parts or systems 
need to be checked and some replaced like engine oil, air and oil filters and windscreen wipers. Certainly 
in the upcoming years it will be difficult for EV to exceed or even match this achievement. Their maybe 
less (moving) parts in an EV but a lot of them are new and dependent ever more on electronics. In case 
of a combination of regenerative and mechanical braking more maintenance on glazed pads and disks 
could be required. This because friction and therefore lifetime of the brakes can go down when only 
used occasionally (interview 18).   

Performance wise EV and PHEVs are still inferior compared to ICEVs, however (van Agt, 2010). Top 
speed and most importantly range are not comparable, yet and possibly also not necessary if users are 
willing to change their habits. Although acceleration is going faster than ICEV as a result of the relative 
high torque from stand still and having high-performance niche models like the ones from Tesla and 
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Fisker, EV currently do not match the performance users are accustomed to. It does, however, offer 
opportunities for niche markets where range, top speed, or price are less an issue. Figure 14 visualizes a 
power and torque comparison between an ICE and an electric motor. It shows that electric motors have 
their power and more importantly their torque almost from standstill. This shift of the engines power 
band is a big advantage during acceleration and reduces the need for (multiple) gears.      

 

 

 

 

 

 

 

 

 
The performance of the EV comes for a large part down to its batteries’ energy density, specific energy, 
and weight which will be discussed in paragraph 3.5. Solution for the range restrictions can be found in 
‘super’ batteries, but also range extenders offer opportunities. These range extenders can run on 
different kinds of fuel varying from the current fossil ones to biofuels or hydrogen. These vehicles are 
referred to as series hybrids and contain generally a small ICE with only one or two cylinders that is 
connected to a generator who recharges the vehicles’ batteries. Because they not directly power the 
vehicle they can constantly operate in their optimal working range which together with the small 
cylinder capacity results in relatively low fuel use. Because of this the fuel tank can also be relatively 
small making it easier to incorporate and lower the weight of the vehicle. 

As EV require a change in the users’ interaction with the vehicle and the vehicles’ interaction or 
connection with the infrastructure new or existing mobility concepts have to be developed or altered 
respectively. This will mainly be the result of changes in ‘refueling’ time, range limitations, and forms of 
property ownership (TU Delft, 2009). 

  

Figure 14 Power and Torque comparison between an ICE and an electric motor  
Source: (Urbschat & Bernhart, 2009) 
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3.4 Environment  
The reason why places like factories, different kind of auction markets, airports, golf courses, and 
warehouses already use EV for several decades is based on their emission-free, quiet and environmental 
friendly character. By having a positive effect on local air quality California’s Air Resources Board (CARB) 
was probably the first governmental agency who stimulated EV to improve urban living conditions in 
California. Because electricity is generally not generated in densely populated areas and direct emissions 
of EV are zero, EV become interesting and appealing for large cities with pollution problems.   

However, to have a substantial impact on places were emission- or noise-levels exceed certain living 
standards a very large market share of EV is required. Otherwise effects will be negligible. Conversely, 
opportunities may occur for specific industries like garbage services and urban distribution which are as 
a result less bounded to cities’ time frames.  

Main advantage, and therefore also the reason why they are becoming more popular, comes down to 
the fact that EV can contribute more and easier to a more sustainable and cleaner environment. 
Because of the higher efficiency EV require less energy per kilometer. This efficiency increase reflects 
itself of course also in the total amount of CO2 produced. Especially this aspect is important if we want 
to meet future EU CO2 targets. In table 1 below are the different efficiencies of the ICEV and EV 
visualized. One should note that well-to-tank efficiency of ICEV will go further down if the fossil 
resources get more and more exhausted.    

Kampman et al. (2010) calculated that EV’ CO2 emissions are not necessarily always lower, however. On 
average an European ICEV emits directly 160 g CO2 / km. This has to be reduced to 95 g CO2 / km by 
2020 (European Parliament, 2008). If these values are compared with the ones EV and other alternatives 
are expected to emit we see in figures 15-17 that if the electricity is produced by lignite- and coal-fired 
plants CO2 emissions are equal or even higher. Gas and other options to generate electricity produce 
lower CO2 emissions. This is visualized by the green and red bars in the left figure. They represent the 
estimated energy range of EV emissions. The bars in the right figure visualize the CO2 emissions of the 
different electricity production technologies. 

Efficiency ICEV EV 
Well-to-tank 83% 38% 
Tank-to-wheel 15-20% 65-80% 
Well-to-wheel 12-17% 25-30% 

Table 1 Fuel chain efficiencies for ICEV and EV                Source: (Kampman, et al., 2010) 
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Figure 17 Well-to-Wheel, CO2 emissions in 2010 (g/km)        Source: (van Mierlo, 2008) 

Figure 16 CO2 emissions per km (well-to-wheel) for various fossil fuel 
energy sources 
Source: (Kampman, et al., 2010) 
With two values for EV average energy use 

Figure 15 Emissions of fossil fuel power 
production. Source: (Kampman, et al., 2010) 
CCS = Carbon Capture and Storage 
IGCC = Integrated Gasification Combined Cycle 
CCGT = Combined Cycle Gas Turbine 
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If the contribution of the transport 
sector to these EU targets has to stay 
proportional in the long run, limits of 
the ICEV will be reached. EV on the 
other hand can make a big leap in CO2 
reductions offering a great solution to 
this problem.  

If the figures of the previous page are 
combined with the average EU 
electricity fuel mix we see that EV will 
emit substantially less CO2 compared 
to new ICE ones.  

This is visualized in figure 18 were 
assumptions are incorporated about 
efficiency improvements in future EV 
and power plants as well as regulations 
for ICE technology. Here it becomes 
visible that especially the EV’ 
environmental impact of CO2 strongly depends on the electricity mix. As was mentioned earlier this is 
also an advantage because electricity is only an energy carrier and can be generated with several 
technologies. Because of this energy security will also rise.      

A remark has to be made regarding certain fleet-average CO2 emissions OEM have to meet. If OEM 
produce and sell more EV, limits for other cars they produce can go up hereby cancelling out all the 
benefits EV offer. The reason that this is possible comes down to the fact that in the current EU 
guidelines EV are differently graded during vehicles’ CO2 counting (Kampman, et al., 2010).   

Towards the future CO2 but also other emissions are in general expected to go further down as more 
renewable energy sources are used as primary source to produce the electricity. Next to this absolute 
decrease in total emissions the relative importance of other pollutants will increase because vehicles will 
get cleaner. According to the ITM project (2010) it appears that towards the future NOx will go down 
considerably too. Particulate matter on the other hand can increase compared to current levels because 
a considerable amount is produced by the vehicles’ tyres. Since EV generally have a higher torque 
compared to ICEV and regenerative braking is used, more stress is put on the vehicles’ tyres.   

According to D-insert (2010) opinions about EV’ overall environmental impact are strongly divided 
because it is a complex problem which is still so far poorly defined. Variations about the impact are 
therefore large and comparisons with ICEV hard because they depend on the specific energy 
consumption. This energy consumption is again subject to user profiles, supply chains, technology, and 
energy chains. However, it is estimated that increasing renewables in electricity production is easier 
than making current fuels more durable (Kampman, et al., 2010).  

Figure 18 Comparison of average well-to-wheel CO2 emissions of 
ICEV with those of EV.  
Source: (Kampman, et al., 2010) 
Data include indirect emissions; an estimate of 5% was assumed for 
electricity and 15% for ICE fuels. 
EV powered by the average EU electricity mix 
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As mentioned before, EV have the capacity to store and release energy as a stationary battery. If the 
share of renewable energy sources is going to increase towards the future supply will get more often the 
upper hand of demand.  In order to reduce these unbalances or fluctuations in the grid EV offer a 
solution as buffer capacity or postponed charging. This way the growing de-central supply and demand 
can be separated and efficiency improved. In order to organize and regulate these actions so called 
Smart grids and Demand Side Management (DSM) are necessary. I will come back to these aspects in 
chapter 3.6.    

Another aspect that has to be taken in consideration is fact that until 2020 a cap has been set on the CO2 
emissions of European electricity production and big polluting industries. This means that CO2 emission 
rights have a financial value which can be auctioned and traded as credits to parties or industries which 
have the most economically feasible solution to meet the required targets. However, the transport 
sector, apart from the railways, is currently not influenced by this regulation. Because CO2 emissions and 
therefore polluting electricity production is regulated in the EU Emission Trading Scheme (ETS) 
additional electricity demand through EV use has to be balanced out elsewhere.  

CO2 free electricity production or CO2 reductions, like efficiency improvements, somewhere else in the 
ETS can offer solutions. The Clean Development Mechanism (CDM) makes it possible to realize the 
necessary CO2 reductions also in developing countries which can from a financial point of view be more 
attractive. However, the relation between EV’ electricity consumption and the ETS is still not sufficiently 
clear and can at least until 2020, by a large EV market share and polluting additional electricity capacity, 
result in additional pressure within the ETS. This pressure is the result of bringing CO2 from outside the 
ETS cap suddenly under it.           

Table 2 visualizes a sustainability comparison between EV and ICEV in the Netherlands hereby including 
several different environmental factors among others.  

 

 

Worse Slightly worse Neutral Slightly better Better 

Social Economical Ecological
The Netherlands Noise Security of supply (oil) Local air pollution

Safety Security of supply (electricity) Acidification
Landscape GDP
User friendliness
Purchasing power

Elsewhere Food security Stock of raw material Land use
Biodiversity
Climate effects

Table 2 Sustainability overview EV compared to ICEV                     Source: (Nagelhout & Ros, 2009) 



   

 
 

47 

3.5 Battery technology 
The traditional flaw of EV leads us directly to its batteries. In this paragraph the most important 
developments around this critical component are discussed. Most cited drawbacks of batteries are their 
price, long recharge times, and range. The latter one is to a large extent determined by the high price 
and weight of the batteries. Economic lifetime is also still uncertain.  

Main advantage of the EV which I already mentioned earlier is the high efficiency of the power train. 
Because of recharge and discharge efficiencies over 95%, batteries play a key part in this process. These 
high battery efficiencies can be achieved through absence of the Carnot cycle. For heat engines like the 
ones in our ICEV it is not possible to build them thermodynamically reversible because excess entropy 
has to be removed from the process. This is done by discarding a large amount of the heat which is 
radiated to the external environment. As a result efficiency drops significantly.            

In order to make EV more attractive and accelerate the energy transition batteries have to become first 
of all lighter, cheaper and more sustainable. This means that a lot of research, innovations, and 
resources are essential (Bundesministerium fur Bildung und Forschung, 2009). Although a lot of 
progress, especially in consumer appliances, has been made the last decades room for battery 
improvement remains. If batteries with range capacities comparable to ICEV are going to be crucial, 
remains to be seen, however. The EV’ weight, to a large extent determined by the battery, influences its 
energy consumption which means that a choice needs to made and a balance needs to be found 
between the heavier BEV and the lighter series hybrid vehicles. In the remainder of this paragraph 
different aspects around the batteries will be dealt with.  

Classification and characteristics 
Batteries are generally classified by energy and power density, Wh/kg and W/kg respectively. Yet, also 
other factors like cycle depth and operating temperature are important and have to be taken in 
consideration because they can fit certain vehicle types better than other ones. Energy density and 
power density indicate the amount of energy or power per unit of battery weight/volume respectively 
that can be extracted from a battery. Some examples are visualized in figure 19.  

Compared to our ICEV the energy density represents the endurance or size of the fuel tank while the 
power density stands for the acceleration or octane level of the fuel. Industries’ future expectations and 
targets of the two densities lie at least at 200 Wh/kg and 1000 W/kg respectively. So far Li-ion batteries 
do not meet these values but they remain interesting as they combine a relative high power density 
with safety and durability. To improve energy density new fabrication methods and materials are 
required to lower the amount of inactive material inside the batteries.  
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Figure 19 Battery energy vs. power density  Source: (Tuite, 2010) 

During acceleration, regenerative braking and high power/quick charging it is important that in a relative 
short period of time batteries are able to accommodate a lot of power and energy. The batteries’ state 
of charge plays an essential role herein so that almost full batteries have the possibility to deal less 
efficiently with regenerative braking lowering overall efficiency. Advantages and disadvantages of 
regenerative braking are so far still unknown. The HAN (interview 7) is starting up a project to measure 
the real-life influences regenerative braking has like efficiency increase and battery decay. Besides, high 
energy currents increase internal temperature, and reduce batteries’ efficiency and lifetime.        

Operating temperature influences to a large extent the degradation and therefore the life time of a 
battery. Especially high temperatures are reducing life time considerably. Battery Management System 
(BMS) monitor among others the temperature fluctuations during recharge, discharge, and standstill. As 
a result active or passive heating and cooling of the battery pack can be necessary. Also specific 
materials and additives make batteries more stable and less subject to temperature fluctuations. Future 
operating temperature is expected to go towards the -40 ˚C and +60 ˚C range (D-incert, 2010). 
Nevertheless, these controlling systems make batteries more expensive and increase material usage 
which contradicts with the increasing energy density.     

Depth of discharge (DOD) indicates the percentage of the battery that effectively can be used without 
destroying or substantially shortening its life time. A general rule is that deeper discharging shortens a 
batteries’ life. It is therefore important that the BMS system makes sure that during daily operation 
specific thresholds are never exceeded. This can sometimes require reducing the batteries’ energy and 
power output (ThermoAnalytics).   
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As described above life time of batteries depends on several aspects. Life time or state of health (SOH) 
of a vehicles’ battery is indicated by the number of times it can be recharged until the capacity is 
reduced to 80% of its initial value. Every recharge, no matter how small, has to be counted as one cycle. 
It is so far still unknown how regenerative braking influences the batteries’ life time. The cycle life 
determines therefore how long the battery can be used before consumers see its range as inadequate 
for their daily use. If we look to the first affordable BEV on the market, the Mitsubishi i-MiEV and Nissan 
Leaf, in December 2010 and February 2011 respectively the following can be seen.   

- The Mitsubishi i-MiEV will be delivered with 3 years or 100.000 kilometers guarantee on the car 
and 5 years or 100.000 kilometers on electrical components including the Li-ion battery 
(Mitsubishi Motors, 2010).   
- Nissan North America also is informing its consumers that the lithium-ion battery pack that 
powers the Nissan LEAF will carry a warranty of 8 years or 160,000 kilometers (Korzeniewski, 
2010)  

While some battery manufacturers came already with cycle times up to 3000 and more (Gondelach, 
2010, pp. 22, 33, and 40) most real world applications in EV are lower. If the life time until one reaches 
80% of the batteries’ initial capacity is around 1000 cycles and the EV is recharged every day it would 
mean that on average every three years a new battery, currently about €17.000 (24kWh x €700,-/kWh 
(Kanellos, 2010) for the Leafs’ 24 kWh battery pack, has to be bought. This makes EV too expensive for 
the mass market. Because of this cycle life has to go substantially up while price/kWh has to drop.   

Besides the financial aspect there is also the environmental one. From this perspective it would be 
necessary that batteries are used optimally. This means only charging when necessary, so all recharge 
cycles are used most efficiently. However, from a smart grid perspective this is not desirable since EV 
have to be plugged into the grid whenever possible in order to level off fluctuations of renewables 
(interview 18). So, if cycle times not go up considerably or price comes down obstacles towards mass EV 
market introduction can be expected.            

Costs 
Current battery pack prices are around € 700-2000 / kWh (Gondelach, 2010, p. 23). For mass market 
applications this has to and will go down. Optimistic estimates are that €150 / kWh (Urbschat & 
Bernhart, 2009; D-incert, 2010) is achievable in the future. Costs of the battery can generally be divided 
in two parts. First the price of the materials that are used in the batteries and secondly the additional 
components like cooling, casing, and BMS that are necessary to built and control the battery. Currently 
both parts contribute around 50% to the overall costs price. If mass production, 100.000 and more, can 
be obtained material cost will relatively increase in importance making recyclability more important. 
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Since battery prices currently account for a large part of the EV sales price options to reduce battery size 
have to be taking into consideration. Serial hybrids are an example as they require a smaller battery 
pack which reduces weight and costs compared to BEV. This influences energy efficiency and TOC of the 
vehicle respectively. The ICE in these hybrids can even run on biofuels. This means that CO2 emissions 
will drop also. As a result a decent calculation has to make clear what kind of vehicle set up would fit 
one situation better than the other. Nevertheless, this depends on a lot of factors that are difficult to 
predict.   

For 2nd life applications it important to know what the residual value of the batteries is going to be. So 
far these are still unknown as well as the refurbish and repackage costs. If 2nd life applications become 
economically feasible this will improve the EV business case.      

Safety 
On battery and cell level safety is mainly controlled for by the BMS. Its task is to protect the battery 
against the earlier mentioned temperature fluctuations but also against overloading and over-
discharging (DOD) which becomes even more important when smart grids and high power charging 
become the standard. Monitoring state of charge (SOC) and state of health (SOH) are also one of its 
tasks. The BMS is often ‘assisted’ by mechanical safety systems like safety vales in the casing of the 
battery or chemical ones like stabilizing additives or temperature sensible membranes for preventing 
short circuit.        

Environmental impact  
The impact EV have on the environment, especially their batteries, has to be reduced to the minimum. 
Because batteries and the environment are not each other’s ‘friends’ recycling has to be organized 
correctly and efficiently so that the image of the EV isn’t damaged. A potential first step which is 
currently examined focuses on 2nd life applications for discarded EV batteries. This way the batteries’ life 
time can be extended which reduces environmental stress (KEMA internal document).          

A life cycle analyses (LCA) of material and energy use has to be developed for the different EV and 
batteries. Only this way it can become clear what the real impact of EV on the environment is and what 
kind of advantages it has compared to ICEV.   

Material availability  
If EV break through and become the new regime technology increasing amounts of material resources 
will be necessary to fulfill the demands. Especially the resources for batteries, like for example lithium, 
are relatively scarce compared to the other car part’ materials which means that solutions need to be 
found to prevent global resource depletion. By not focusing on one type of battery technology options 
can be held open and battery manufacturers become less dependent on specific materials and material 
supplying countries. This also has to include research towards materials that are less environmentally 
harmful and more available on our planet. Recycling can contribute to this process by reducing 
environmental stress, pressure on global resources, and dependence on the few material suppliers.  
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2nd Life Applications 
Although 2nd life does not look that important at this moment, it can be within a decennium or so when 
the first batteries become obsolete and do not meet consumers’ transportation demand anymore. As 
mentioned earlier this does not mean that the batteries are completely useless since they still have 
approximately 80% of their initial capacity left and retain quite good energy storage capabilities. 
Consequently, they can be used for multiple other storage applications where energy is more important 
than power.  

Some examples include platform vehicles, stationary (grid) storage, and public transportation. Research 
by Cready et al. (2003) towards 2nd life applications showed some promise but also several barriers. 
Most important obstacles include standardization of batteries, relative low cost of new stationary 
batteries, safety, liability, 2nd life time, and high refurbish and repackage cost versus low residual value, 
ownership, and current absence of regulations and market mechanisms.  

Besides the uncertainties and costs, 2nd life has an important contribution in the environmental and 
overall business case of the EV. Naturally, using batteries optimally is better than immediate recycling 
when they still have 80% of their initial capacity left. Although end-of-life of ICEV within the EU is laid 
down in directive 2000/53/EC it does not apply to EV, yet. Some recommend (Visvikis, et al., 2010) this 
should change so that the different parties are obliged to for example “by 1 January 2015, a minimum of 
95% by an average weight per vehicle and year shall be reused, recycled or recovered, and at least 85% 
shall be reused or recycled”. This encourages the development of new and environmental friendly 
techniques to reduce waste streams and increase recovery and recycling rates.  

Recyclability 
Recycling will just as 2nd life be very important in the environmental and overall business case of the EV. 
Especially the lithium used in today’s batteries is currently not reusable in battery applications, yet. This 
means that if no recycling process can be developed in the near future, global lithium resources can 
quickly become exhausted, prices of Li-ion batteries will skyrocket, and EV position worsened. The same 
of course applies to other battery types and materials used. Focus of recyclability has to be on a multiple 
of options to prevent exhaustion and dependence.      

Recycling of the current lead-acid batteries, like the ones for starting our ICE vehicles, are a good 
example of a completely developed and closed recycle chain. Plastic casing is reused as granulated 
material, the acid is reused in zinc extraction processes, and the purified lead is reused in new batteries. 
The same has to be set up and developed for EV batteries. The biggest problems at this moment are the 
financial feasibility of the process and the supply of materials. As long as the process is not cost-effective 
governments have to step in to facilitate an environmental friendly recycling of the batteries. Depending 
on who will become the owner or responsible for the battery this process will be easier or more difficult 
to organize. This point will be further discussed in chapter 3.7. Opinions among the respondents varied 
greatly on this specific topic.       
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3.6 Different infrastructures 
Since EV have a smaller range compared to our current ICEV a dense infrastructure is required where 
batteries can be recharged. This crucial factor can be divided in three major components; payment, 
charging, and energy infrastructure. All are heavily dependent on each other. First the recharge 
infrastructure will be dealt with which is necessary for large scale EV market entrance. Secondly, the 
payment service will be discussed. This infrastructure aspect can be set up in different ways each with 
its own pros and cons. The energy infrastructure is the last component tackled in this chapter. The 
possibilities and limitations of the energy infrastructure will be discussed in case supply and demand are 
becoming less dependent on one another. 

3.6.1 Recharge infrastructure        
One of the current disadvantages of the EV, its range, brings us to the first aspect of the infrastructure; 
recharging. Because EV have a limited range compared to ICEV the possibility exists that more recharge 
utilities are required to prevent areas not being covered sufficiently. Countries like the Netherlands with 
average travel distances, road density and electricity supply have an advantage over ones that are more 
divided and scattered. Nevertheless, it is the combination of the limited range and the relative long 
recharging time that can give problems. If the recharging would go as fast as the current refueling, 
problems would not be that large. However, in order to make this happen extensive infrastructure 
investments would have to be made not only on vehicle level (plugs and poles) but also on distribution 
level considering the number of kW required per vehicle (Adams, 2009).  

As a result different kinds of recharging are probably going to exist side by side. Based on the literature 
and interviews only two levels of recharging, low and high power, are required to fulfill the demands. 
Research about energetic efficiency differences between these two recharge modes is still minimal but 
peak power would become a problem when Dutch governments’ goals of 200.000 EV and more in 2020 
are being recharged with high power chargers only.  

The high power recharging can further be divided in physical recharging by a cable and plug connected 
to the grid and battery swapping what is better known as the Better Place principle. However, the 
convenience of the high power rechargers has an impact on safety, battery life, reliability and durability. 
Mainly cooling of the batteries is a problem when it happens very fast. Nevertheless, each of these three 
(low power, high power, and battery swapping)  recharge possibilities has their own pros and cons like 
Electric Magnetic Compatibility (EMC), time, plugs, costs, simplicity, safety, thermal control, and 
required standardization. As a result, a user-friendly recharge system has to be developed that matches 
with consumers’ expectations and wishes.     
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Beside the discussion on low versus high power recharging another one is going on related to internal or 
external chargers. Low power recharging has the possibility to use the integrated charger of the vehicle. 
Since during braking the electro motor is used as a generator to recover the vehicles’ kinetic energy it 
can also be used during Alternating Current (AC) recharging from the grid. High power recharging on the 
other hand is only possible if a 3-phase Direct Current (DC) connection and relative big and heavy 
chargers are used which make them currently not suitable to be integrated in the vehicles design. 
Expectations are that high power recharging is not going to be economically feasible in the near future. 
Additional services like restaurants, shops, etc. will be necessary to cover the costs. The different 
options are visualized in figure 20 below.        

To offer and reach all the future EV users a network of recharge points has to be developed so that 
everyone can recharge its vehicle anywhere and anytime. This means that every home, equipped with a 
garage or drive lane, would need to install an exclusive recharge point. Homes without drive lanes or 
garages, especially in cities were EV are most beneficial, have to rely on public recharge points installed 
by for example cities, utilities or investors/companies.  

Private recharge points can be installed by petrol stations, companies, supermarkets, hotels or garages 
themselves as an offer to their employees and/or customers. An important aspect related to these 
recharge points is how they are going to be integrated in the spatial planning and how users prefer to 
recharge their cars. Both are still to a large extent unknown. The first aspect will be discussed in this 
chapter and the latter in chapter 3.7. Different possibilities are visualized in table 3 and figure 21.   

  

Figure 20 Different recharge possibilities       Source: (Pihlajaniemi, 2009) 

230V 1-phase AC charging 
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 Table 3 Possibilities for recharging EV               Source: (Nagelhout & Ros, 2009) 

 

 

  

Charge modes Constraints Pros and cons 
Private socket at home Own garage, carport or parking place on private 

property 
Possible at night 

Recharge points  in the 
neighborhood 

Be entitled to a parking place with a socket near 
home 

Possible at night 

Recharge points at car parks and 
parking lots, among others at the 
employer 

Suitable low voltage network 
 
Vandalism resistant 

Reduces required range of EV 
 
Happens usually by day  

High power recharging at recharge 
stations 

Specific facilities necessary for high power densities Relative short time of recharging and can 
happen en route 
 
Happens usually by day  
 
Heat development which negatively 
influence the battery making cooling 
desirable 

Changing batteries at swopping 
station 
 

Standardization of batteries and vehicles necessary 
for automation 
 
Recharge capacity at the swopping stations 
 
Automated system for changing 
 

Relative short time of ‘recharging’ 
 
Required space for storage/recharging 
batteries 
 
Reduces storage capacity/range of the car 
in case of small batteries 

Recharge lanes along the roads Secured connection between car and charge cable High investments  
 
Privacy 

Fast charging /swapping station 
• Ultra high current DC charging (250 

kW) 
• Similar concept as gas station 
• Payment with credit card or “gas 

station” card 
• Standardization of batteries and 

vehicles 

Figure 21 Recharging in spatial planning    
Source: (Pihlajaniemi, 2009) 

Swap 
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Currently and in the near future conductive recharging with cables and plugs will be the main 
technology because of the costs and minimum efficiency loses. Inductive recharging (figure 22) on the 
other hand, without cables and plugs, has the potential to become more important when costs and 
complexity go down, and efficiency goes up. Efficiency losses are to a large extent dependent on the 
distance between the two coils. Since a casing is needed to protect the coils some distance is already 
given away. Other problems can be the riding height in case the system is placed underneath the vehicle 
(interview 3). The potential of inductive (main) roads is also investigated in several studies since a 
balance has to be made between higher infrastructure investments versus the smaller and cheaper 
batteries that can be used in EV.        

 

Figure 22 Dynamic (left) and static induction recharging  
Source: (Silvester, Beella, van Timmeren, Bauer, Quist, & van Dijk, 2010) 
   
The question about how the consumer is going to use and recharge his EV combined with the increasing 
decentralized local renewable energy production influences for a large part the environmental benefits 
but also the necessary infrastructure upgrades. These infrastructure upgrades have to be incorporated 
in new but also existing houses, offices, roads, parking place, and the like.  As the most environmental 
benefits can be gained by constantly plugging the EV into grid when it is not operational and keeping 
distances between generation and use or storage minimal to reduce loses, a lot of sockets and local 
infrastructural changes respectively will be necessary. Changes in our spatial planning and architecture 
are necessary in this case.  

This will require support of all the different stakeholders since it will involve considerable costs making it 
necessary that everyone benefits from it. However, environmental-technical measures or changes like 
urban development are useless when societal support for environmental care is absent or minimal. The 
same holds true the other way around as environmental care is useless when livability in urban areas is 
not taken into account during development and implementation (Silvester, Beella, van Timmeren, 
Bauer, Quist, & van Dijk, 2010). Factors related to this can be emission issues, noise and visual impacts 
on the environment.     
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In case of EV, local emissions and noise are reduced which means that livability and workability in urban 
areas improves. Combined with the fact that dangerous fuel transports will be reduced it will become 
possible to live closer to roads hereby using urban areas more efficiently. Even freight delivery 
restrictions for urban distribution can be removed which means that traffic during rush hour can to 
some extent be reduced as a result of more diffused vehicle use. However, due to the higher wages 
during the night currently it is not attractive yet. Other incentives will be necessary to support this 
development.    

Visual impacts on the environment can become an issue when more decentralized electricity will be 
generated and EV recharged conductively. As buildings will become increasingly equipped with solar 
panels and wind turbines and roads filled with recharge poles and possible overhead contact wires 
urban views will alter. Opinions about the changing urban look vary substantially. Some find it futuristic 
and technological progress at its best. Others are disgusted by the thought of tangled cables and gigantic 
recharge poles. Not even talking about potential accidents that can happen by stumbling over cables or 
vandalism. Inductive (road) recharging can solve this problem partially as do smaller and incorporated 
sockets or rechargers in trash cans, parking meters or sidewalks. However, initially conductive 
recharging will have the upper hand. When the battery swapping principle of Better Place or solely high-
power recharging will become main stream, some urban infrastructural changes will not be necessary.  
Our current behavior and way of refueling at fuel stations can in this case be more or less copied.          

Some projects have already been initiated like the one of RWE and Daimler in Berlin. This project aims 
for 500 recharge points and over hundred EV (Daimler, 2008). Mitsubishi is running a R&D project based 
on a vehicle to home concept (V2H) to optimize integration between local (house) energy production 
and EV (Green Car Congress, 2008). Renault and Nissan are participants in several Better Place projects 
like to ones in Israel, Australia and Denmark. As the first 100.000 produced Renault Fluence ZE go to 
Israel and Denmark, Better Place aims for a national coverage of swapping stations and a large scale 
introduction of EV (interview 1). Their choice for Israel is among others based on the fact that cross-
border travel is minimal as a result of being surrounded by enemies which means everything can be 
arranged internally. Furthermore, Israel wants to be independent on oil supplies making EV a good 
solution to guarantee mobility. Denmark on the other hand is a small country that is relatively far in the 
field of renewable electricity production.           

An often repeated issue, especially with public recharge points, is the so called chicken-egg problem. 
Flynn (2002) and Yeh (2007) discussed this topic for natural gas but rather the same holds for electricity; 
‘without refueling facilities, no one invests in vehicles using the new fuel, and without sufficient 
customers for the fuel, no one invests in the refueling station’ (Flynn, 2002). Some studies (Sperling & 
Kurani, 1987, Greene, 1998, and Nicholas, Handy, & Sperling, 2004) found that during the transition 
from a technological niche towards a market niche the required number of alternative-fuel refueling 
stations had to be a minimum of 10–20% of that for conventional ones to achieve sustainable growth. 
They furthermore suggest that ‘at levels greater than 10–20% of conventional refueling stations, 
consumers no longer see the availability of fueling stations as a major obstacle for the adoption of 
alternative fuel vehicles’ (Yeh, 2007). While not completely the same and therefore comparable to EV as 
a result of home rechargers, some base coverage has to be realized in order to make EV succeed.  
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Next to the high costs for adapting the infrastructure it is risky for investors as well because market size 
is still uncertain and it remains the question if a complete transition to an EV regime will be realized at 
all. This means that the ‘invisible hand’ is not yet working in this market and that the investors’ return 
on investment is uncertain. A way to anticipate on this problem is for example through cooperation and 
simultaneous investment of both vehicle manufacturers and utility facilitators. This way all parties have 
a more calculated risk and developments can be geared and aligned towards the same sustainable 
commercial application.  

Established by the Dutch national transportation system operator and most of the regional distribution 
system operators, corporation E-laad (E-laad) is a good example of joined forces to overcome the 
chicken-egg problem. Even more, users often think that DSO’s and electricity suppliers are happy to 
install recharge points since it is a way to make money (interview 21). But, recharge points are still too 
expensive making the ROI very low and long which comes on top of the fact that government regulation 
currently does not stimulate large scale roll out.      

The problem of charging is less applicable to the PHEV since it can take regular fuel as well. PHEV 
therefore partly remove the barriers BEV are confronted with and can serve as a bridge towards 
complete BEV use. Nevertheless, large numbers of PHEV connected to the grid still require some 
infrastructure investments to prevent problems. All together, the number of BEV or PHEV the grid is able 
to cope with entirely depends on the type of charging and the time of the day the vehicles are being 
recharged (Kintner-Meyer, Schneider, & Pratt, 2007).  

To further increase the number of EV the grid is able to cope with and increase the amount of 
renewable energy sources smart grids offer a solution. A smart grid is a two-way digital communication 
system between electricity producers, transporters, distributors and consumers. Initially only a one way 
connection will be established between the grid and the EV (G2V). The user preferences (low vs. high 
power recharging, time when vehicle has to be full) and his vehicles’ status through the BMS are 
identified by the grid. Within these given limitations the ‘smarter’ grid has the possibility to influence 
the recharging of the vehicle. This demand-side management or ‘smarter’ recharging allows producers 
and distributors to optimally use renewables since excess capacity can be stored in the vehicles.  

So far it is still unsure if the other way around, Vehicle to grid (V2G), will be necessary. In this scenario 
EV can even supply stored energy back into grid. This way electricity resources can be better managed 
when for example renewables output in limited. It can even become a way of making money for EV 
owners, recharge facilitators, or fleet owners since during shortages electricity prices go up. However, 
the real-time prices are probably not going to work since price differences are too small, time constants 
of the stake holders and consumers are not the same, and consumers don’t want to buy energy. 
Consumers only want comfort or a service like motion, light, or heat. That this service requires a form of 
energy is not relevant for the consumer. They only want comfort what means that some kind of body 
has to set up who arranges the purchase of energy. This can be a so called service provider which is 
discussed in the next subsection. In this case the consumer sells his flexibility and buys his energy. He 
can make money depending on the flexibility he offers (interview 18).  
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However, this second intelligent (de)charging process is more expensive, complex, and additionally 
requires batteries with a high number of charging cycles, communication devices, standards, smart 
rechargers and on-board meters (Brown, Pyke, & Steenhof, 2010 and Kampman, et al., 2010). First of all 
G2V and V2G can only work when the EV are connected to the grid. This would mean that almost every 
private and public parking place has to be equipped with a grid connection and that vehicle owners 
consequently plug their vehicle into the grid so that sufficient flexibility/buffer capacity is constantly 
present. Owners will probably only participate in this when their batteries life time is not considerably 
shortened and potential (financial) benefits outweigh the costs.        

3.6.2 Payment service/structure 
Although costs for a ‘tank’ of EV fuel will considerably drop compared to ICEV ones, we still have to pay 
for the energy we use; hereby not incorporating the depreciation of the battery itself. Payment is an 
important aspect around the EV’ business case and different models and mechanisms have already been 
developed. The possibility exists that they can vary per EV market segment, however.    

For home recharge points this is rather obvious but for other private and in particular public recharge 
points this is not the case. Multiple options have already been proposed including payment by mobile 
phone (SMS), payment with a credit card or gas station card, a subscription, a fixed miles fee, a pre-paid 
balance or just free of charge. Nonetheless, the final payment technology has to support integration 
with the distribution supplier so that buffering and possible low-high tariffs can be adapted to (large 
scale) customer demands. So far no universal method is chosen resulting in the fact that all business 
model options are still open. 

The idea behind a ‘smarter’ grid is that within the limitations of consumer preferences one optimally can 
meet the actual energy demand. Consumers could for example pay a fixed amount for their energy 
anywhere and anytime. On the other hand they have to provide the flexibility of their vehicle anywhere 
and anytime when it is connected to the grid. However, in case of ‘charge-me-now’ the battery will be 
recharged as soon as possible but also against higher costs because of the inflexibility (interview 18).         

This brings us to the aspect of who is going to facilitate these payment services. There are two parties 
who each have their own specific interests. First of all there are the users of the EV. It is likely that they 
want to recharge their vehicle anytime and anywhere without any limitations (Accenture, 2010). The 
second group includes all the companies that offer public but also private recharging utilities to the 
consumers like airports, offices, and fuel and train stations.  

Taking the preferences of both groups into consideration as well as (inter) national coverage and 
scalability the so called four-role payment model seems to have the best match currently (D-incert, 
2010). One should note though that this payment model has no relation to other business models later 
discussed in this report. In this model the EV users and utility providers both have their own service 
providers. However, it is vital for the scalability and coverage that every service provider of the EV users 
has a relation with all the service providers of the utility providers. In order to facilitate these relations 
‘rules of the game’ and standardization of several aspects become a prerequisite. Simultaneously this 
means that competition and cooperation have to go hand in hand which is visualized in figure 23. 
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There can be multiple service providers for both stakeholders in this model. Examples of service 
providers for the EV users are the ANWB (Dutch automobile association), lease agencies, energy 
suppliers and telecommunication companies. Service providers for the utility providers could include 
energy suppliers, transmission system operators, and infrastructure parties (D-incert, 2010). Though, the 
possibility exists that multiple parties fulfill multiple roles. Nevertheless, this payment model has no 
relation to the business models discussed later in this report.           

Furthermore, international standards and interconnections have to be developed so that recharging, 
safety and billing is not an issue when crossing the border with your EV. If you need to buy or carry out 
an additional card or step respectively, as with LPG, a threshold is raised directly hampering cross border 
travel and indirectly market penetration of EV (interview 1). The same holds true for fraud like skimming 
in case cards and readers are used. 

Depending on the penetration rate of EV changes in the way we are currently paying road taxes and 
environmental contributions have to be considered. As EV are now exempted from road taxes to 
stimulate market share problems can arise when their numbers substantially increase. Until we have 
100.000 EV or more in the Netherlands the remaining 8-9 million ICEV can pay for the necessary road 
maintenance and construction of new ones (interview 11). However, if the government is going to lose 
substantial income solutions have the found.  

Business and 
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Figure 23 The four-role payment model         Source: (Boekema, Rumph, Lycklama, & Bottelberghs, 2010) 
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This can for example by increasing the taxes for the more polluting vehicles. Solutions that go even a 
step further are based on a combination of house and vehicle efficiency or pollution taxes. Since local 
energy generation is expected to become the future possibilities exist that our houses are going the 
produce energy instead of only consuming it. Solar systems and small cogeneration systems are some 
examples. This solution would require a method that incorporates the different determining factors of 
the vehicle and house to produce a number or scale where taxes can be based on.       

3.6.3 Energy infrastructure   
In order to recharge the batteries of EV they can simply be plugged into the existing electricity grid. This 
‘fuel’ is readily available and also the distribution network already exists. The current infrastructure is 
able to cope with a certain amount of EV, dependent on the way and period of the day of charging, 
without any drastic changes (TenneT TSO B.V., 2010, pp. 20-21). This substantially lowers the threshold 
for investments done by EV manufacturers and buyers compared to changes required for a hydrogen 
infrastructure for example.  

A transition towards EV can improve a country’s fossil fuel dependence especially when the increase in 
electricity demand is covered, and old polluting coal plants are replaced by more sustainable ones like 
wind farms, biomass plants or PV/CSP fields. This is to a large extent covered by the in subsection 0 
mentioned ETS. As a result primary energy (gas, oil and coal) demand can towards the future be 
substantially reduced as well as its related CO2 production. Developments in Carbon Capture and 
Sequestration (CCS) for existing and new fossil fuel plants can contribute to this reduction as well. 
However, this is still an end-of-pipe solution and which therefore has to exist next to, instead of 
replacing renewable energy sources.  

Most important relationship between EV and renewable energy sources is their mutual dependence. In 
order to make a large leap in the CO2 reduction proposed by the EU for 2020 and beyond, electricity for 
EV use has to be produced by renewable energy sources (interview 19). Because of the fluctuations in 
renewables’ electricity output supply and demand have to be separated and some kind of buffer would 
be necessary. EV’ batteries together with international grid linkages have the possibility to provide this 
capacity. This can result in maximum use of renewable energy sources as well as an optimal use of the 
existing power plants and grid.  

Nonetheless, initially it will be difficult to meet EV’ electricity demand completely with renewables. In 
order to achieve a complete renewable coverage an emission cap on the electricity consumption for the 
transport sector is required which can be calculated by multiplying the average EV’ electricity use with 
the EV’ sales numbers. Limiting factor will be the effective supply of renewables already installed, 
however. These are probably too low to cover the projected number of EV (Kampman, et al., 2010).      

A ‘smarter’ grid would in this case be a possible solution to connect the continuously increasing de-
central electricity production and more fluctuating demand. Nonetheless, a smart grid is not dependent 
on EV. Since a smart grid requires a reorganization of the grid as does large scale EV use, EV 
developments and requirements can be included in future grid adjustments. In order to operate 
efficiently it would be necessary that EV are anytime and anyplace connected to the grid.  
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As a result smart grids would allow more EV to be recharged and potentially even at lower costs 
compared to investments in production and grid capacity. Since smart grids make it possible to spread 
demand more evenly reserve production capacity can be reduced and in case of excess production by 
renewables energy can be stored in the vehicles’ batteries (D-incert, 2010).  

Smart grids result therefore in local energetic and economical optimization which means that regional 
grid operators will get more responsibilities. Nevertheless, national grid balance remains the most 
important. To establish this (inter) national developments and investments especially on the demand 
side are required to ensure that the grid is prepared for the increase in future EV and renewable energy 
sources. Although substantial progress has been made it is still the question if, when, and how these 
‘smarter’ grids are going to be deployed. So far grid investments mainly focus on increasing current 
capacity by thicker cables instead of making it smarter or more efficient.                           

3.7 User perspective and Safety 
The EV can only be successful when it offers sufficient (financial) advantages, requires minimal behavior 
adjustments, meets basic mobility needs, and its accepted by the consumers. Although the real selection 
criteria and process are not yet known some assumptions can be made regarding the potential factors 
that can stimulate or slow down the acceptation of EV. The different factors that were several times 
mentioned during the interviews and in the literature include among others the various market 
segments, financial issues, image association, learning, and education and safety concerns. They will be 
further discussed in the paragraphs hereafter.  

We first have to acknowledge that people want to use their vehicle anytime and anyplace without any 
major restrictions. Secondly, the last 10-15 years consumer preferences changed towards more fuel 
efficient vehicles mainly as a result of increasing fuel prices. However, currently still some aspects 
favoring the ICEV have to be sacrificed if a change to EV is made. The point is, then, how much are users 
willing to give up, like range and purchase price, when price per kilometer is expected to be lower 
compared to ICEV. Several surveys showed that differences exist between countries but that results are 
generally positive. 

Surveys among Dutch motorist showed that:  

• 70% of the Dutch would accept a 50 km/h lower top speed and a 50% reduced range if it would 
save the environment 

• 65% would for the moment not purchase an EV because of external appearance and initial 
purchase costs   

• most would purchase an EV for their zero direct CO2 emissions and better fuel consumption (E-
on Benelux, 2009) 

• 49% would like to drive an electric or hybrid vehicle (Pedro, 2010) 
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The ADAC (German automotive association) (2009) held a survey related to the willingness among more 
than 4000 German, mostly male and highly educated respondents to purchase an EV. They found that:  

• 90% of the people that would purchase a new car stand positively towards electric propulsion 

• more than 80% have a private parking place for their car 

• 70% of the respondents have an electricity connection close to their parking place 

• 60 % have a parking place at their work available, usually without a socket, however 

• 60% lives less than 30km from their work 

Although the initial results are positive the expectations of the consumers do not match the present EV 
specifications since: 

• 40% does, overall, not want to pay more for an EV compared to an ICEV 

• the majority is not willing to compromise on range, top speed, interior space, and recharge time 

• the willingness for new forms of transportation (rental cars, trains, etc) combined with EV is 
with 30%, small  

Among 2500 Americans Better Place (2009) found that:  

• 74% are concerned about the dependence on oil while ‘only’ 63% are concerned about 
terrorism  

• 71% would like to see improvements in fuel efficiency  

• 62% are personally concerned about air pollution or climate change 

• 32% would like to see improvements in maintenance costs 

• 30% was interested in purchasing an EV for their next car.  

Multiple factors like personal taste and price consequences will now be elaborated on which have the 
potential to influence consumers’ behavior. The importance of the factors depends also on the use and 
type of consumer who considers purchasing an EV. The cognitive rules for daily commuting differ from 
purchasing a second car in a household whereas professionals have other criteria than private persons.  

3.7.1 Segmentation 
Beside these individual preferences different consumer groups can be identified. They are visualized in 
the technology adoption lifecycle in figure 24 on the next page. While so far situated in the blue 
innovators’ phase, 2011 will be the year when slowly the red phase of early adopters is entered as large 
scale production of Nissan, Renault, and Opel is started.  

These first two phases are beneficial and important for EV to breakthrough. On the other hand, it is no 
real challenge for the OEM to convince these hopefully big two groups since they strive for cutting edge 
technology and have different demands. Yet, they do form the foundation and provide the necessary 
feedback and experience through learning by using and learning by doing.  
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The real challenge lies in convincing the early and late majority of the consumers (interview 1). Possibly 
other sales techniques, marketing strategies, pricing, and positioning of the product are required for 
this. When the EV market gains enough momentum it can become the standard making large scale 
penetration less difficult. The early and late majority form also the bulk of EV sales and can be essential 
to achieve the proposed goals in emission reduction through for example large scale buffering of 
renewable energy and efficiency increases.      

 

 

 
 
 
 
 
 
 
 
 
 

Figure 24 Technology Adoption Lifecycle            Source: (Spike, 2010) 
 
One of the largest barriers for EV are currently the high purchase prices which determine the payback 
period. These high initial costs are especially important for private persons whereas professionals are 
more interested in total cost of ownership (TCO) which includes besides purchase price also 
maintenance, repair, and operational costs. However, TCO should become for private persons also more 
attractive because it is estimated that on the long-term EV are going to cheaper compared to ICEV 
(interview 4). But, we should not forgot that the ICE technology, still regarded as the best way of private 
transportation, performs in the way consumers are expected to and even at predictable costs. 

Since the battery currently is expected to account for almost one third of the vehicles price several 
constructions or business models have been introduced to lower the financial threshold for consumers 
like leasing the cars’ battery, a complete private lease of the entire vehicle, or batteries adapted to the 
consumers range. This latter construction would mean that 25-50-75-etc. km battery packages can be 
bought or leased which are of course cheaper. This would also fit better with the ADAC (2009) survey 
since 10% would be satisfied with a range of 100 km, 20% with 200 km, and 32% with 500 km. Which 
model(s) get mainstream will for a large extent depend on developments in battery costs.   

Kendall (2008) found that the largest part of global commuter traffic does not exceed 50 kilometers. 
Table 4 below shows the distribution of transport functions in the Netherlands for 2007. 56% of the car 
and motorcycles movements do not exceed 100 kilometers which means that even with the current 
battery performance a large market share could switch to EV without making substantial sacrifices. The 
occasional longer trips would require different solutions, however.  
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Distance travelled (km) Total
< 5 2% 3% 4% 0% 0% 9%

5 - < 10 0% 2% 6% 0% 1% 9%
10 - < 20 0% 1% 10% 0% 1% 13%
20 - < 30 0% 0% 8% 1% 1% 10%
30 - < 50 0% 0% 12% 1% 1% 15%
50 - < 100 0% 0% 16% 3% 1% 20%

100 - < 200 0% 0% 13% 2% 1% 16%
200 - < 500 0% 0% 4% 0% 0% 5%

> 500 0% 0% 3% 0% 0% 4%
Total 2% 8% 77% 8% 5% 100%

Train

Bus            
Cab       

Metro 
Differently 

Way of transport 

(rounded values)

Walking
Bicycle 
Moped

Car 
Motorcycle

 
Table 4 Travel performances in the Netherlands 2007                   Source: (D-incert, 2010) 

 

3.7.2 Financial aspects 
Line of thought behind the financial aspect comes down to the fact that increased efficiency of the car 
can only be obtained at the expense of higher purchase cost. Theoretically, consumers have to make the 
choice to adopt a new technology that makes it possible to gain higher output from the same input or 
similarly can achieve the same output with lower input. This process is visualized by the leftward shift of 
the line in figure 25 and also known as technological progress. So, if the new technology is available it 
would be irrational to buy a product based on the ‘old’ technology because the overall costs and energy 
inputs of the new one will be lower.         
  

Figure 25 Energy market failure         Source: (Hinchy, Naughten, Donaldson, Belcher, & Ferguson, 1991) 
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If a comparison is made between a fossil fuel car and an EV the latter involves higher initial, but lower 
operational costs. Depending on the variables you choose, EV can overall be cheaper than fossil fuel 
ones. Nevertheless, there are also other factors which influence the consumers purchase decision like 
comfort, performance, status, and maintenance. The choice for the consumer therefore lies, keeping the 
other factors constant, in the fact if they are willing to pay higher initial costs for expected lower overall 
and operational costs (Hinchy, Naughten, Donaldson, Belcher, & Ferguson, 1991).  

According to Yeh (2007) the payback period for Alternative Fuel Vehicles (AFV) has to be less than three 
years and depends among others on fuel price, technology price, vehicle efficiency differences, and 
distance travelled. Knowing that a vehicles’ lifetime is longer than this payback period means that users 
assume a high discount rate when purchasing a vehicle. This sells short on the true economic benefits of 
their purchase of more fuel efficient vehicles suggesting irrationality (Yeh, 2007). Greene et al. (2005) 
state that so far little is known about how users calculate and incorporate fuel efficiency in their 
purchase decisions.    

While batteries form the major part of the higher price for EV, the combination of two technologies in 
one vehicle, as in PHEV, also adds complexity and costs. Besides, the few BEV and PHEV produced so far 
made it impossible to reap the benefits from economies of scale during mass production. The benefits of 
the BEV and PHEV have to come from the lower operational costs which are achieved by a better fuel 
economy, lower fuel costs and currently tax breaks and subsidies as a result of lower emissions. These 
lower operational costs can also become a problem since it can lead to an increase in mileage hereby 
increasing energy use and emissions. Or, EV become additional to, instead of replacing ICEV as a result 
of limited ranges and other benefits. This will also result in higher car and transport demand, something 
that is not desirable (Kampman, et al., 2010).   

3.7.3 Learning 
Other factors that influence the acceptance of EV are related to the relative advantage it offers 
compared to the established ICEV. Noise, comfort and pollution are often cited as advantages, but if 
these factors are most important in the purchase process remains to be seen. However, some of these 
factors are often used to give financial advantages to EV owners. The free parking places in the city of 
Amsterdam and national tax breaks are some examples.  

Generally taken consumers are attached to existing products and behavior since they are familiar with 
the potential risks involved and are accustomed to use them. Therefore a natural resistance exists 
against new products. Reliability, safety, range, and recharging are some of the aspects consumers are 
unfamiliar with. Trust and experience, also from other consumers or consumer organizations, is 
important herein.  

By matching the new technology with specific niches it becomes easier to create a large number of early 
adopters and boost acceptation level among consumers. This is also the reason to first introduce EV in 
for example urban distribution and garbage services. Employees of the Dutch garbage collection 
company Gansewinkel for example praise the zero pollution, visibility, and easy entry of their Binkie 
garbage truck visualized in figure 26 (interview 3).  
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The latter two benefits are based on the 
freedom designers got since they were not 
restricted to a truck chassis anymore. 
However, the niches have to be large and 
diverse enough to gain enough learning 
and experience, and challenge the 
suppliers for economical and technical 
improvements. This learning by using and 
learning by doing must take place on a 
wide front so that the suppliers are 
challenged and gain input on a variety of 
fields hereby making the technology better 
but also more attractive to other potential 
adopters (Cowan, 1996).   

By introducing EV first in different business branches and niches people can get more familiar with them 
and experience that range for instance is often not that important. For example, the Tokyo Electric 
Power Company (TEPCO) found that their personal who were using electric service vehicles felt 
uncomfortable if the remaining driving range became less than 50 kilometer. Public high power chargers 
removed their range anxiety. However, it was remarkable to see that the high power chargers were only 
sporadically used while total driving mileage and coverage of the 8 by 15 kilometer service area was 
drastically increased (Botsford & Szczepanek, 2009). This shows that changes in travel and ‘refueling’ 
behavior are required. Although high power chargers can offer a partial solution for this, smart grids 
require a constant connection to the grid. Truly long-term problems are of course difficult to predict and 
will slowly come to light we more EV are going to be sold.         

3.7.4 Education and Safety 
An aspect which can become a problem for consumers is privacy (Greimel, 2010; Fehrenbacher, 2010). 
Depending on the technology used to pay for recharging your battery, some are more privacy sensitive 
than others. When identification is required more and more information about consumers’ way of life 
will become available. Especially with V2G this ‘Big Brother’ phenomenon can raise some resistance as 
certain parties can control the electrical appliances and hereby consumers’ lifestyles.      

Education of the private and professional consumers, the several emergency services and mechanics 
that build, repair, disassemble, and recycle the vehicles is also an aspect take must not be forgotten or 
underestimated since breakthroughs always involve unknown and possible high risks. For a smooth 
introduction of EV safety related barriers have to be dealt with so that possible accidents cannot be 
blamed on carelessness (interviews 5, 11 and 19).  

  

Figure 26 Binkie garbage truck       Source: (EdithSchrijft, 2010) 
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If something dramatically would go wrong consumers expect that emergency services for example 
through so called crash-recovery-sheets and repair shops now what they are doing since these groups 
are most likely to come in close contact with potential dangerous components. If consumer confidence 
drops, for whatever reason, and fear gets the overhand possibly stimulated through increased criticism 
the chance exists that it takes another ten years before EV get accepted again. This is something that 
history told us. To prevent this from happening intensive information, training and education on a 
multiple of topics is required (interviews 5, 11 and 19).  

Compared to ICEV EV work with higher electrical currents which also means higher potential risks. 
Currently not much is known for example about extinguishing an EV. Should we use water or foam? At 
what distance should this happen? How do we get the entire vehicle safe to make repairs or cut it open 
during an emergency?  What happens to occupants of the EV is submerged in the water? This has to be 
solved to give the consumer enough confidence and protect the EV status (interview 5).  

Factors that directly influence the consumer and other road users are noise production, recharging, and 
the vehicles’ handling. As EV are, until 50 km/h when tire noise takes over, quieter compared to ICEV 
risks for pedestrians and bicyclist increase. But, audible warning devices have started to emerge. 
Additional to the lower noise, every road user including the EV’ driver has to anticipate the increasing 
acceleration EV have. Also the increased mass of the vehicle influences the active and passive safety like 
handling and crash behavior respectively. This applies especially to EV that consist out of converted ICEV 
since they are not designed for higher masses and different weight distributions. The risks around 
charging of the vehicle can be based on incorrect or carelessness actions like wrong cables and sockets, 
vandalism, forgetting to unplug the car before driving, or extreme temperature differences. Combined 
with the potential to overload or short-circuit the batteries situations can arise where electrocution, fire 
or explosions can occur.  

A lot of the problems around EV can be prevented by good education and information as well as a 
mechanical shutdown switch, good isolation, adequate mounting of components and a decent BMS that 
monitors and influences vital battery parameters (interviews 3, 5 and 11). Electromagnetic compatibility 
(EMC) is a topic where little knowledge and experience is present and the few who have the 
understanding cherish it carefully (Visvikis, et al., 2010; interview 3).  

However, it is an important aspect of EV since it has an influence on many aspects like design, health, 
reliability, and safety. Measuring, screening and protection on the other hand are currently only done in 
a small range and cost a lot of money but are very important for a good functioning of electronic and 
electric components (interview 3). Rules and regulations are currently often lacking on this topic as only 
the most basic demands are tested. Besides, they are often based on rules related to ICEV (interview 
11). This is partly understandable since most EV up to now are converted ICEV and no other related 
standards exist.    
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3.7.5 Image 
Exceptions aside, image and driving experience are for users not the number one priority when 
purchasing a car (Lehman, McLoughlin, & Dewhurst, 2003). The increasing climate debate made 
especially image become more important as celebrities wanted to have an environmental friendly car 
like General Motors EV1 and Toyota’s Prius.  

For the environmental consumers EV fit this picture also perfectly. However, for some still the golf cart 
image is attached to EV. The driving experience, like for example the reduced noise and increased 
acceleration, is probably only going to be interesting in specific niches like sport cars (EnergiePortal, 
2010) or big four-wheel drive vehicles. 

This not very generous golf cart image is often based on 
the first electricity propelled vehicles like platform cars 
(figure 27), Think’s, Microcar’s, G-wiz, Mega’s and the 
like. Some of them will probably be sold because of 
their advantages in cities but the majority of the 
consumers will probably prefer a more standard design 
and size comparable to our ICEV. It will most likely take 
some time before the golf cart image is removed from 
the EV but the upcoming Nissan Leaf, Opel Ampera and 
Renault Fluence show that EV can have the same 
appearance and image as conventional vehicles. A bit 
related to this point is the diversity of brands and of small and big models from which the users can 
choose. So far this is minimal. The same holds true for the availability of different battery pack ranges 
discussed in the segmentation section above. Since the costs are still relatively high a choice between 
ranges could be a solution.    

OEM are reluctant to sell their new EV to any person who shows up in the showroom as they are afraid 
for so called window-dressing or green-washing (interviews 1 and 8). They want the EV to be used 
where they are designed for, namely driving. Not as some deceptive green marketing tool to promote 
companies’ services, policies or products and end in the corner of some gigantic parking lot or car park.  

As became clear in this subsection user preferences and safety form an important factor in the 
acceptance and breakthrough of EV. In order to reach large scale EV adoption, developments and 
innovations will be necessary to bring performance closer to ICEV ones. Until this is achieved niches can 
be utilized to slowly introduce EV to the public (interview 3). These market niches are most interesting 
for collectively managed car fleets which are extensively used and have small or rather predictable 
travel distances. Examples include cabs, postal services, city courier, and rental/share cars as they can 
benefit the most from the current EV’ advantages like noise, comfort, maneuverability, zero pollution, 
and size.  

  

Figure 27 platform car  
Source: (EV world the future in motion, 2010) 
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However, the increasing number of electric bicycles and scooters also helps by raising consumers’ 
acceptance. Where the electric bicycles initially meant for the elderly who had difficulties riding on 
normal bikes, today more and more are used by a wider public for increased comfort and travelling 
larger distances. Regulations and standardization have to be (internationally) formulated so that safety 
and user-friendliness can be guaranteed anytime and anyplace (HappyNews, 2010). Nevertheless, cost 
structures will probably become most important for the private as well as the professional consumer 
and can make butt also break the EV.   

3.8 Conclusion 
If we combine all the different factors, developments, motives, and influences discussed in the previous 
paragraphs we come the conclusion that the EV business model is rather complex and that the niche 
technology is still not able to compete with the regime technology of ICEV as a result of continued 
technical progress. Market penetration and size are also still unclear and heavily divided. However, it is 
becoming more serious than ever before and an increasing electrification of vehicles’ power trains 
seems to be the trend.  

As EV have a relative small and simple motor compared to an ICEV but also a heavy ‘tank’, weight 
distribution is negatively affected requiring solutions to make them as manageable and safe as ICEV. 
Especially converted ICEV are confronted with these problems. The newly designed EV have less 
problems with this. Main advantages EV have over ICEV include fuel efficiency, noise, comfort, and zero 
direct pollution.  

EV’ impact on the environment is usually positive but heavily dependent on the fuel mix which 
generates the electricity, time of the day when the battery is recharged, and future developments in the 
generation and distribution sectors. As the well-to-wheel efficiency of EV is higher compared to ICEV 
energy use, related CO2 emissions can go down as well. This is even further stimulated through the cap 
on CO2 emissions by the ETS making it necessary that any increase in electricity capacity has to be CO2 
free or compensated somewhere else through for example renewable energy or energy efficiency 
respectively.    

Batteries characterize themselves by the high cycle efficiencies they achieve. However, the bottleneck of 
the EV still lies to a large extent by this same battery as price, weight, and lifetime are still insufficient. 
Furthermore, 2nd life applications and recyclability need to be further developed to make the business 
model for the EV more attractive.       

Initially the recharging of the vehicles is expected to happen conductively through low or high power 
rechargers. Especially for longer distances it seems that high power recharging offers a solution. Battery 
swapping can also be a solution but requires additional standards in batteries and vehicles. The chicken-
egg problem is hopefully solved in the Netherlands as Dutch corporation E-laad and the OEM install 
rechargers for every EV sold.  
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Infrastructural investments will heavily depend on the choice for G2V or also the other way around, 
V2G, since the grid needs to become more sophisticated and robust to tolerate increasing consumer 
products. It will require standards especially related to the communication between these consumer 
products and the grid. Changes in spatial planning are required to provide the necessary recharge poles 
and sockets everywhere. This will depend to a large extent on the choice of recharge infrastructure.  

Smart grids will involve more rigorous changes than just adding some sockets and poles to the existing 
system. Nevertheless, if EV break through livability can increase in urban areas. This is something big 
cities are aware of since they are making regulations to stimulate zero pollution vehicles by all kind of 
measures and incentives.  

Currently the four-role payment model with two service providers looks like the most promising 
payment structure but options are still open. A certain number of EV can be connected to the grid 
without any drastic changes to the energy structure. Nevertheless, with an increasing number of EV and 
share of renewables supply and demand need to be separated and some kind of buffering would be 
necessary. Smart grids can offer a solution to this problem but require significant standardization of the 
infrastructure to guarantee sufficient coverage anytime and anywhere.  

Generally two different groups of users can be identified; private and professional. Both are geared 
towards more fuel efficient vehicles but each with different demands and expectations. However, 
purchase price will still be the determining factor which is currently through a large extent determined 
by the vehicles’ battery. Expectations are that it will not be difficult to convince the early adaptors to 
purchase an EV. The real challenge lies in the early and late majority of the users.  

TCO will become more important as operational costs are expected to be substantially lower compared 
to ICEV ones. Other factors that influence the users include range anxiety and safety. This can to a large 
extent be overcome through education, niche introductions and thrust from other users or consumer 
organizations. Furthermore, education is important to guarantee safety for emergency services and 
mechanics as higher risks are involved. Image can also be a problem as some groups still see EV as 
mature golf carts.    
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4. Strategic Niche Management analyses 
After elaborating in the previous chapter extensively about the developments in the field of EV it may be 
clear that a shift into a new, more sustainable transportation regime is rather complex considering the 
multiple interrelating factors involved. By using the SNM theory this chapter tries to describe three 
processes which can help by managing and facilitating the transition process without creating 
substantial transition problems.  

SNM focuses on bringing knowledge and expertise of users and other actors throughout the entire value 
chain into the (EV’) development process hereby stimulating and generating interactive learning 
processes about problems, needs and possibilities of the technology. However, also encouraging 
institutional adaptation, changing and aligning interest and expectations of different actors, and building 
actor networks are aims of the SNM theory. 

Especially, this latter network component is very important because it is the backbone through which 
the knowledge flows that feeds the learning processes and expectations. It can furthermore help by 
visualizing the various positions different actors can take throughout the value chain. These actors 
generally will have or develop over time a more forward-looking perspective as they need to anticipate 
on emerging opportunities and possible threats that can create, widen or close windows of opportunity. 
The three niche processes will now each be discussed successively in the upcoming subsections.   

4.1 Voicing and shaping of expectations  
This first part of SNM elaborates on the voicing and shaping of expectations by the actors involved in the 
different niche experiments. While in the beginning often being broad and fragmented, according to 
Hoogma (2000), expectations can become more robust, rise in quality or become more specific. This 
depends to a large extent on the heterogeneity and number of shared expectations, and the increase in 
supporting experiments of how these expectations should be realized. Promoting and promising 
expectations and / or visions can additionally yield and justify resources, affect R&D investments or 
influence purchase decisions (Raven, 2005).  

The attention for EV throughout the world is clearly an opportunity which is further grounded and 
stimulated through high expectations. OEM have so far benefitted the fact that confidence in companies 
that convert ICEV into EV is still relatively low among users (interview 8). As users trust OEM more they 
will wait until these incumbent actors release their EV. However, OEM kept and keep postponing market 
introduction hereby holding consumers on a string.  

With the introduction in the Netherlands of the Mitsubishi i-MiEV in December 2010 and Nissan’s Leaf in 
February 2011, it seems that OEM finally suit the action to their word by supplying from scratch 
developed EV. This means that earlier released expectations can be tested in practice. However, 
developments and innovations in EV technology remain crucial and keep going on indicating that the 
explorative and pilot experiments (Hoogma, 2000) are recurring as well.  
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In order to achieve a stable EV niche that can compete with the regime technology one needs besides 
the vehicles also a clear long-term vision and a stable financial support system to gain enough 
confidence among the actors involved. According to Oliver Wyman (2010) financial support (figure 28) 
will be necessary until 2025 to make EV cost-competitive. For the early adopters this will not be a 
decisive reason as they mainly purchase EV for their fuel consumption, reduced noise and emissions, or 
image to the outside world. 

 

 

 

 

 

One should note that the report where the figure was taken from did not give any foundation regarding 
the numbers used. That fossil fuel is going to be more expensive by 2025 is plausible with current 
developments. However, €4500,- higher depreciation and €3000,- other cost for ICEV are less easy to 
take for granted. Furthermore, the residual value and with this the depreciation of EV will to a large 
extent depend on the batteries’ condition.  

Since an EV market is absent and therefore also a financial history, private entities are cautious when it 
comes to investments in these emerging technologies. As a result public bodies have to shape and 
stimulate the initial expectations and developments respectively through regulations, incentives, laws, 
funding opportunities and programs. Governments around the world have allocated on different levels 
(federal/state, provincial, local, actor) large sums of money for R&D, experiments, pilots and use of EV.  

The aim of these (inter) national programs includes reducing the risk of private investors, emphasize 
society’ s responsibility for the environment, stimulate EV usage through for example waivers on road 
and sales tax, and define goals to improve climate change or solve specific bottlenecks in batteries or 
grid infrastructure.  

  

Figure 28 Total cost of 
ownership 
Source: (Oliver 
Wyman, 2010)  
battery electric vs. 
internal combustion 
engine vehicle. In euro, 
average car, usage: 4 
years, 15000 km per 
year   
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Programs on regional and municipal level are often more aimed at introducing the technology to the 
residents, gain experience, and solve local problems. The city of Amsterdam for example is very 
progressive as it comes to electric transport. Their expectations of electric transport vary from scooters 
to cars, trucks and boats which together have to achieve a 100% emission free transport in 2040 
(Gemeente Amsterdam, 2009). According to numbers of energy supplier Nuon and grid operator Liander 
EV kilometers in Amsterdam double every quarter, reaching approximately a total of 70.000 km in 2010 
(Nuon, 2010).   

As government actions on all levels can make or break the EV business case they have to share and 
express the same clear and long term vision. However, this is currently still not the case as a result of 
vested interests making it necessary that at least within the EU everyone is in line with one another. This 
political vision should cover at least 10 years to give the different actors and market confidence and 
guarantee that investment costs can be recovered1

figure 29
. Some examples of government expectations 

discussed above are visualized in .   

 

 

 

 

 

 

 

 

 

 

                                                           
1 (interviews 1, 6, 7, 8, 18 and 19) 

•10% renewable energy in transport in 2020
•14% of market in 2020 for PHEV
•5-6% of market in 2020 for EV
•European Green Car initiative : €5 billion however, not solely dedicated to EV
•European strategy on clean and energy-efficient vehicles 
•A cap on CO2 emissions for industry and power sector
•Target car manufacturers ; average emission of new cars from 2015 onwards 

should be 130 g CO2 / km

EU

•200.000 EVs in 2020 and > 1 million EVs in 2025
•€10 million subsidy to stimulate EV use 'Proeftuinen' (AgentschapNL)
•€15 million subsidy for R&D  'HTAS-EVT' 
•up to €6.400 reduced registration tax depending on CO2 emissions (ended 

july 1st 2010)

The Netherlands

•1 million EVs in 2020
•National Development Plan for Electric Mobility
•€500 million to achieve 2020 goal; of which €115 million goes to eight test 

regions and €170 million into battery research and training   
•National Platform for Electric Mobility (NPE)
•5 years circulation tax exemption, afterwards reduced taxes for EVs  

Germany

•1 million PHEVs by 2015
•€20 billion ATVM Loan Program (24 billion dollar)
•€1,9 billion to develop next-generation EVs and batteries (2,4 billion dollar)
•Up to $7.500 purchase subsidy for HEV, PHEV and EV 
•ARPA's BEEST program
•€230 million CLean Cities Program (300 million dollar)

USA

Figure 29 Government expectations to stimulate EV 
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From the moment that climate change has been put on the political agenda and one learned that CO2 
appeared to be the main contributor in this process solutions had to be found to reduce this by-product 
of the combustion process. Six of the respondents2

As EV are still in their initial development phases investments in the ICE technology continue. However, 
D-incert (2010) expects that (CO2) limits of the ICE will be reached, or at least not sufficiently can be 
reduced in the upcoming years to have the desired contribution to a more sustainable and energy 
efficient society. The fact that by now most OEM and other private companies have started to invest in 
EV shows their confidence in the technology and the possible profits a certain market share can yield. 
Investments in EV are still only a very small percentage compared to the amount that is invested in ICEV, 
however (interview 8).   

 explicitly mentioned that electric power trains are 
expected to bring the solution for the transportation sector. The ICE technology is not expected to solve 
this problem hereby making one of the main drivers and expectations of EV more powerful and specific 
(D-incert, 2010). So, despite the promising results of current ICE technologies OEM are continuously 
confronted with a reduction of their vehicles’ emissions.   

While at first rejecting the fact that EV would have a right to exist or at least denying their potential 
OEM slowly came up with concept cars showing the world that even they were interested in the concept 
EV. Along with other marketing tools, hybrid concept cars like the Toyota Prius started to shape 
consumers’ expectations about future vehicles. Because of increased freedom during designing and 
construction new and often smaller manufacturers like Think, Tazzari, and Tesla expect to be able to 
gain some (niche) market shares as the OEM will start with building EV in the medium-size segment 
(interview 8).  

Although not the result of design and construction advantages, new entrants like vehicle transformers 
entered the market as OEM kept delaying EV market entrance. New manufacturers like G-Wiz, Myers 
Motors, Electric City Motors, and Think often focus on smaller and lighter vehicles so that the battery 
package can be kept smaller and through this the price lower making them ideal for cities where range is 
not that important compared to maneuverability and parking. Furthermore, consumer expectations 
about quality and performance can also be lower as these vehicles operate in different (lower and 
cheaper) segments compared to ICEV.    

Depending on the strategy of the different OEM other electrically assisted versions of ICEV are expected 
to emerge next to the BEV in the future. These full or mild hybrids can, depending on battery and 
electric motor size, support or even temporarily take over the ICEV to improve fuel economy and reduce 
CO2 emissions (Wolthuis, 2010).  

Expectations are that lithium-ion will have a substantial market share in the future since the Nissan Leaf, 
Chevrolet Volt, Mercedes S400 Hybrid and Fords’ next generation hybrids are equipped with this kind of 
battery (interview 19). Nissan is even building their own battery factory which has to produce 200.000 
lithium-ion batteries in 2012 (Ohnsman, 2010).  

                                                           
2 (1, 7, 8, 10, 18 and 19) 
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Together with the research and announcements made by battery manufactures like Toshiba, Panasonic, 
and A123 Systems on the batteries’ performance we can assume that quality and robustness of the 
expectations is increasing.  

When currently purchasing an ICEV users are accustomed to pay a relative high amount of operational 
costs. Especially fuel and road taxes contribute to these costs. As EV are expected to have lower 
operational costs users should balance this out against the higher initial costs in their purchase decision 
(Hinchy, Naughten, Donaldson, Belcher, & Ferguson, 1991). Besides, the expected future depreciation 
value will to a large extent be based on the vehicles’ battery conditions (interview 3). An Accenture 
survey (Accenture, 2010) showed that a reduction in fuel use would not be the main reason for 
purchasing an EV. What users expect from EV is that they are superior in every way compared to ICEV. 
This seems unreachable in the near and possibly even in the far future. Other user expectations included 
recharging in 20 minutes and recharge stations every 20-80 km assuming that the range of EV is 320 km.      

4.2 Network formation  
The second step in de SNM process focuses on the social networks around EV. Are all the necessary 
actors involved or are important ones missing? Is it a heterogeneous or homogenous group of 
participants? How is the mutual interaction facilitated? Together this has to map the networks build in 
and around the EV niche. As most progress in technology and standardization takes place at this 
moment it forms the foundation for future EV developments3

As the first ‘real’ EV are for sale now the technological niche has changed into a market niche. This does 
however not mean that the protected surrounding during R&D and initial experiments became 
redundant. On the contrary, the different incentives are more like a prerequisite for making EV more 
economically viable.         

. This means that a lot of different 
incumbent (automobile) as well as new (electricity) actors are currently (re-)positioning themselves in 
the market hereby building new and broader networks. Alignment of different interest to a mutual goal 
plays herein an important role. This uniting and connecting aspect is also one of the tasks of the Dutch 
niche actor Corporation E-laad.  

4.2.1 Network heterogeneity    
The number of actors with different roles and interests is substantial. Aside from collaborations 
between OEM and electricity related companies, OEM also started to increase interest in batteries. 
Ford, GM, and Chrysler have established the US Advanced Battery Consortium, Nissan and NEC are 
working together, and Toyota increased their share in Panasonic EV Energy to over 80% (Addison, 2010). 
During the initial development phases when EV still were a technological niche the number of actors and 
roles were limited as it focused more on specific technological problems. The fact that EV recently 
became a market niche means that a lot of roles throughout the value chain have to be (temporarily) 
filled out to make it work in the market place (interviews 10 and 11). However, the intensity of 
participation in the EV network varies substantially among the actors.   

                                                           
3 (interviews 1, 10, 13, 18, 19 and 21) 
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4.2.2 Network completeness 
According to the interviewees it is still not clear who is going to fulfill specific roles throughout the value 
chain. The possible charge service providers who act as brokers between the users and utility providers, 
and the ownership of the EV batteries are two examples of roles that are still unclear. The Accenture 
study (2010) as well as the interview (17) by Tennet indicated that program-responsible parties are 
missing in the network. Their tasks include the daily drawing up of numbers that represent the expected 
amount of electricity supplied and consumed by the grid. Based on these numbers TSO’s and DSO’s try 
to balance the grid. Differences in predictions and reality cause imbalances which are afterwards 
financially settled. Unpredictable demand of many EV can imply problems making it desirable that 
program-responsible parties are also involved in the development process.     

While some big cities and provinces distinguish themselves as being a leader in the field of EV, others 
can express themselves more as a launching customer (interview 8). First reason is the fact that cities 
generally have the biggest problems with local air pollution. Secondly, they have the function to provide 
the private users with experience and thrust. And finally, cities generally have a large fleet of vehicles 
which often do not exceed city limits making them ideal for electrification. If this could be handled 
decisively and uniformly on European level other professional and private users will follow more easily 
as well (interview 7). 

4.2.3 Network density 
To make the ‘product’ EV work it has to be implemented on all levels in every organization, institution, 
and company. This means that apart from technology still a lot of improvements can be made in 
processes and collaborations externally but also internally (interview 21). Next to the direct mutual 
contacts also many platforms and corporations like E-laad, D-incert and the Formule E-team have the 
last few years been founded which tasks include facilitating and connecting the actors indirectly. 
Depending on the platform or corporation, they consist of one or more study groups each addressing a 
specific topic.  

As the EV world is very dynamic and constantly new technologies are being developed, governments, 
companies, and institutions have to constantly look outwards to follow and adapt to external 
developments (interview 21). However, this does not stop at the borders of a country making 
internationalization an important topic for the upcoming years. International partnerships are necessary 
to benefit economies of scale and collaborations are essential in standardization as cross-border travel is 
very important within the EU (interview 10). An example of internationalization is the subsidy of €2.1 
million from the Dutch province Limburg to the Rheinisch Westfälische Technische Hochschule Aachen 
University. Their goal is to develop and produce an EV for 2014 in corporation with vehicle manufacturer 
NedCar which is also established in the province Limburg (de Weekkrant Limburg-Midden/Noord, 2010).          

To develop and produce EV and their batteries, alliances and joint ventures among OEM and between 
OEM and battery producers are formed (BusinessGreen.com, 2010). Also alliances between OEM and 
utilities are established to make sure that vehicle and grid developments are going in the same direction 
so that future implementation problems can be prevented (Deutsche Welle, 2008; Garthwaite, 2009; 
Doggett, 2010). 
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Safety wise the Dutch company Moditech Rescue Solutions is involved in mapping the potential 
dangerous components of new vehicles. Together with OEM they construct so called Crash Recovery 
Systems that visualize essential and important information by vehicle type so that emergency services 
know how and where to intervene in case of an emergency. The NIFV as well as the RDW agreed that 
the interaction between emergency services and the (government) bodies that test and authorize 
vehicles for the European market could be improved (interviews 5 and 11).  

To further increase the networks’ density governments, grid operators, and electricity companies OEM 
have to determine a broad and long-term perspective4

4.2.4 Regime outsiders  

 which ensures thrust and continuity until 2020 
and further. If this can be realized it has together with all the benefits EV offer to be clearly explained to 
the users (interview 1). Accordingly, users get more understanding about the idea and possibilities 
behind EV. At the same time it also increases their confidence and thrust as future policies will be more 
consistent.         

If we use Van de Poels’ definition of outsiders we have to include everyone that not shares the rules of 
the existing technological regime. Since two different industries are now working together on one new 
product strongly related to the automobile regime, we can say that all actors from or related to the 
electricity regime are actually outsiders. The same holds true for some knowledge institutes like KEMA, 
vehicle manufacturers, small start-ups and interest groups.  

These new actors often also use new or different business models to bring their products to the market. 
Better Place, Tesla, Electric Cars Europe, AGV, E-traction, MisterGreen, and The New Motion are some of 
the start-ups that got and keep the EV niche going by means of experiments. Since outsiders have no 
strings attached to the incumbent regime they can emphasize and criticize the negative aspects of the 
regime technology.  

At the same time they can also translate and exploit the different landscape pressures to more socially 
desirable solutions or alternatives the incumbent parties are likely to overlook. As a result they play an 
important role in bringing, challenging and triggering radical technical changes (Van de Poel, 2000).  

4.3 Learning processes 
The final niche process of the SNM theory relates to the different kinds of learning that occur 
throughout the value chain during the development process of the EV. As a result of the interaction 
between the different actors, niche experiments result in more and better understanding about the 
technology and its impact on society. According to Hoogma (2000) four different experiments can be 
distinguished:    

• Explorative experiments: they are often used in the initial phases to define problems, explore 
possible changes as result of innovations and learn how to set up future experiments. 

• Pilot experiments: they are used to create public and industrial awareness, test the feasibility 
and tolerability in new environments and open policy making.   

                                                           
4 (interviews 1, 6, 7, 8, 18 and 19) 
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• Demonstration experiments: to show potential users the advantages of a certain innovation and 
stimulate adoption. 

• Replication / dissemination experiments: to disseminate proven technologies, methods or 
models by replication (Raven, 2005). 

Currently the step from demonstration to replication / dissemination experiments is being made as the 
first mass produced vehicles of Nissan and Mitsubishi are entering the market now. 

By following the five subjects one should focus on during the introduction of new technologies from 
Hoogma et al. (2002), the most important topics related to the EV niche will be covered. This learning is 
very important as it gives feedback to technology producers about the product itself and its match and 
fit with society and the rest of the value chain.  

Based on this technological and societal component first and second order learning can be distinguished 
respectively. As the niche recently started to change from a technological towards a market niche more 
experience is gained through learning by searching and learning by doing. Learning by using and learning 
by interacting will increase in importance now more EV models are going to be put on the market. 
Although developments are going fast and a lot has been achieved the last few years we have to realize 
that during this stage we can only learn.  

4.3.1 Technical development and infrastructure  
One of the most important things that can be learned from the history of the EV is that using the casing 
of the ICEV and just replacing the engine and tank does not work. OEM are used to the fact that they 
normally introduce a new innovative component inside a dominant design. If it is successful in one 
model it can be spread to other models (Midler & Beaume, 2010). However, in case of the EV the 
dominant design is now the innovative component that has to be changed. Just electrifying ICEV does 
not work and leads to poor results according to several respondents. 

These converted ICEV have so far only provided the OEM with some information regarding battery and 
electro motor technology (Midler & Beaume, 2010). From an economical and risk perspective it is 
understandable that OEM choose to reuse existing concepts and components. However, these 
converted ICEV do not create enough differentiating value compared to the ICEV as they cannot out-
perform the dominant design since they are too heavy and range is limited.  

Reasons why recent fleet of cars exist out of converted ICEV like the ones from the Dutch electricity 
supplier Essent for example, are based among others on the demand for experience with EV, a short 
time to market, absence of ‘new’ EV from OEM, and image to the outside world (interview 21).        

According to the regime analyses discussed in the next chapter range is essential for users. This means 
that OEM have to change their product architecture for EV, focusing more on different performance 
criteria like energy consumption. The entire design of the EV has to be adapted to the constraints of 
electrification. Improvements in aerodynamics, weight, and the battery swapping system from Renault-
Nissan are examples of solutions to this range problem. Other learning aspects for OEM are the 
collaboration with new parties like electricity, service and ICT companies.  
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However, a reorientation towards an EV paradigm can be a problem for OEM as their core business for 
years will remain with ICEV (Midler & Beaume, 2010). An important second order learning process is 
probably the development of PHEV as no public or workplace charging is required and range anxiety is 
absent.  All together, there was and is thus the necessity to enlarge the scope of innovations for EV. 
Instead of the normal more incremental innovations and changes OEM slowly realize that for EV more 
radical ones are necessary.     

During the interviews (7 and 8) it was furthermore indicated that collaborations with OEM is rather 
difficult as they try to do the new and most innovative things indoors or within their existing value chain. 

Expectations regarding battery type vary substantially between manufacturers. General Motors’ EV1 
was initially equipped with a lead-acid battery which was later replaced by a nickel-metal hydride one 
because of better performance. Toyota followed this path with all their Prius generations as did Honda 
and Ford with their Insight and Escape Hybrid respectively. One of the problems with nickel-metal 
hydride batteries besides their performance is the resources it consists of. Most lanthanide reserves are 
located in China and may run short if nickel-metal hydride batteries gain popularity (Loveday, 2010). 
Tesla is generally seen as the first manufacturer with lithium-ion batteries in a road legal vehicle. These 
batteries deliver high performance (a123systems) despite the disadvantages like degradation and short 
life cycles. 

Infrastructure wise it is also not as simple as some people thought it would be. Especially the technical 
and market regulations are at least as difficult as anticipated in advance resulting in potential further 
delays (interview 18). Other infrastructural first order learning aspects include the commonly used 1-
phase household connection in the Netherlands that appeared not to be sufficient for low power 
charging, card readers on charge poles that are sensitive to weather influences (interview 15), and the 
standardized Mennekes plug that is economically seen not usable for high power charging (interview 
16). Furthermore, as international standards are going to become very important to facilitate cross-
border traveling it also becomes easier and cheaper to increase or upgrade future grid capacity.  

Utility companies are putting charge points on their strategic agenda to stimulate the transportation 
sectors’ electrification urge and sell more electricity (Alliander, 2009). They see EV as possible solutions 
for the constant increase in sustainable energy sources which can result in large supply fluctuations 
(interview 21). By using ‘smarter’ grids it becomes possible to separate supply and demand and to use 
the EVs’ storage capacity or smart charging to level off the fluctuations and improve grid stability. 
However, Renault-Nissan (interview 1) mentioned that several charge points during a European test, 
which had to be compatible, had problems. To prevent similar difficulties during large scale roll out of 
future vehicles Renault-Nissan started to certify the recharge points by themselves.  

4.3.2 Development of user context 
OEM generally come up with concept cars to learn and get feedback of consumers’ taste about a specific 
design. This experience is then used to design the next model until a satisfied concept is established. The 
process of introducing a vehicle for a new segment or a technological upgrade like air-conditioning and 
electric windows generally focuses first on serving niche markets and later on the masses.  
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With EV it is probably going to be the same; first serve (urban) niche markets with early adopters and 
later on try to expand it to the mass market. By following this process the key criteria of 
autonomy/range (second-order learning) is not affected and more emphasis can be put on other 
marketing aspects like silence, pollution, and smooth driving.  

Besides the fact that by increasing the number of public recharge poles overall coverage is improved, it 
can also be deployed as a marketing tool. As users are increasingly confronted with recharge poles 
throughout the street scene, EV stay in their minds and it can help to overcome range anxiety. 
Furthermore, recharge infrastructures should be in close proximity of highways, have enough parking 
places, and should be combined with other community options like restaurants, shopping, etc 
(Nergaard, 2009). Knowledge institute HAN (interview 7) indicated that they learned from multiple 
disciplines like safety, vehicle integration, energy optimization, weight distribution, and human-
technology interaction.    

During the same interview it was also mentioned that creative industries have to get more involved in 
the designing of the different components and end-products to make it more attractive (interview 7). 
Especially with today’s iPod generation which are very keen on flashy designs and new ultra modern 
applications and technologies. As this group generally also lives in more urban areas they include 
potential (future) EV users and can therefore be ranked among the potential early adopters. Although 
some actors already take design into consideration more attention could be paid to this topic.  

Partly related to this topic are the interactions between the users and the vehicles. If vehicle users are 
going to become more important in future transportation, opportunities can exist for companies like 
Philips that have a lot of experience and business related to human technology interaction. Besides, it is 
a strong global brand where can be build upon (interview 9).  

During several interviews it was furthermore indicated that user involvement has to be improved during 
projects and experiments in order to gain more real world feedback. Especially, since a simple test drive 
of a few hours for example is insufficient to experience the real pros and cons of an EV.  

Questions and unfamiliarity around EMC was also several times mentioned during the interviews (3, 11 
and 15). Apparently only a few parties have knowledge of this topic but they are rather reserved in using 
it (interview 3). Since little is known about the impact of EMC around the EV more research could be 
executed to map the potential risks (Visvikis, et al., 2010).          

As ICEV spoilt users among others with their large ranges and short refueling times, initial user 
expectations of EV are compared with these numbers also. However, according to several studies5

table 4

 it 
appears that the majority of the users do not require such a large range. If their perception of required 
range could be altered even today’s EV batteries would satisfy with their ranges of approximately 
150km. With 56% of the Dutch motorist and motorcyclist travelling less than 100 km ( ) this can 
indicate that initial R&D activities were aimed at covering the actual range of the majority of the users.  

                                                           
5 Table 4, (ADAC, 2009), (Bartlett, 2010) 
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Current research on the other hand maybe more aimed at meeting consumer expectations of minimal 
320 km (Accenture, 2010; Martin, 2010). This difference between actual need and users’ expectations is 
noteworthy which is even further strengthened by the fact that 63% would be more likely to reconsider 
purchasing an EV when they are able to charge it at work (Bartlett, 2010).  

4.3.3 Societal and environmental impact 
Depending on the European generation mix of the electricity EV emit less greenhouse gases like CO2 

compared to ICEV (chapter 0). Also noise and local air pollution is substantially reduced making EV ideal 
for urban applications or periphery commuting. Although EV need to be very safe and cannot afford a 
single incident during the start-up phase, users are not that focused on safety. As long as the vehicles 
are approved by national governments and they received a positive assessment of EuroNCAP users 
generally will be satisfied (interviews 5 and 11). Even more, users do not have environmental awareness 
as their number one reason to purchase an EV. This is still potential money saving (Voelcker, 2010). 
Therefore, more awareness has to be created in society about the advantages EV can offer.       

4.3.4 Industrial development  
When we look to the EV market we have to conclude that at the moment it is still very small6

Although always being a guess, a learning point is the fact that no one knows and therefore can predict 
the size and penetration of the EV market. Especially the range of these expectations is noteworthy, 
which vary approximately between 1-10% in 2020 according to 

 and not 
mature enough to compete with the regime as a result of high (initial) costs and lower performance. 
This is stimulated by the fact that most of the vehicle models available today are converted medium-size 
ICEV, niche market vehicles, or intended for urban transport only. This wait-and-see strategy from the 
OEM probably saved them money, gave them more time to develop their EV and restructure the value 
chain and its facilities, and put the first-mover risk by the rebuilders (Flynn, 2002). 

figure 10 in chapter 3. Furthermore, the 
mutual collaboration of OEM with new actors from electricity and telecom companies, public entities, 
and service providers had to be learned. If EV become increasingly popular automated manufacturing 
capacity needs to be installed to anticipate the increasing demand. This is built on extensive 
manufacturing technology learning. 

4.3.5 Government policy and regulatory framework  
Six respondents mentioned that governments should have a more facilitating role and above all provide 
a long-term perspective7

  

, like for example EV sales targets by a certain date. This has to stimulate trust 
and confidence among industries and users. The previous short-term perspectives namely taught us that 
when government support drops EV break through gets a lot more difficult. Nevertheless, one should 
keep in mind that sales targets are often too optimistic and have to be adjusted downward 
(Denmark.dk, 2010).  

                                                           
6 (interviews 1, 7, 8, 12, 13, 19, 20 and 21) 
7 (interviews 1, 6, 7, 8, 18 and 19) 
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By having the option to support EV through free parking or using bus lanes during traffic and 
discouraging ICEV by for example letting them pay toll for urban rides, local governments can have a 
strong position in the voicing and shaping of expectations. The reasons why cities are involved in EV 
projects is often based on expanding their image as being environmental friendly and improving local air 
quality. 

Other institutional processes have to be better aligned and implemented internally as well as externally 
to make EV use more easy and practical. Parking attendants for example need to know if EV are 
exempted for paying a parking fee or not. Not even talking about the fact how they should recognize an 
EV. Insurance coverage has to be the same and applicable to EV. Normally when a vehicle breaks down 
it is towed to the nearest garage for repairs. As initially only specific garages can repair EV costs should 
be covered for these additional kilometers (interview 21).        

4.4 Conclusion 
As long as EV link up with global cultural visions and values about a cleaner and greener world, 
expectations, legitimation and protection will continue to exist. As a result expectations have become 
more specific throughout the last couple of years mainly through developments in battery technology, 
required adjustments to the infrastructure, consumer demands and more accurate predictions about 
future market share among others.  

Nonetheless, government vision, influence and incentives will be as important to market introduction as 
technological, economical and marketing factors. Education of the different user groups is also an 
important aspect herein as one should know what the final transition goal is. As everyone knows what 
this goal is it will also be easier to create sufficient social support for the different steps towards it 
(interview 21).  

Using van der Laak et al. (2007) definition of network building, one can say that the EV network is broad 
and includes almost all relevant actors. Furthermore, alignment and interaction among these incumbent 
and new actors is also sufficiently facilitated throughout the value chain. Combined these four 
characteristics are important for initiating new and alternative experiments as the possibility exists that 
incumbent actors are still operating from and within the context of the dominant regime.    

An important second order learning aspect that also several times came back during the interviews gives 
a good view of where the field of EV stands with respect to learning; so far we learned that we currently 
still know very little about the demand for mobility in general and electric mobility specifically.           
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5 Socio-technical regime analyses 
In this chapter the incumbent practices around the fossil fuel based car regime on the meso-level (figure 
30) of the MLP will be analyzed. This regime became throughout the years a part of our lives and 
consequently hard to change. First the history and lock-in of the automobile is described. Hereafter the 
different components of the cars’ socio-technical system (figure 4 in chapter 2.2) will be elaborated on.   

 

Figure 30 Regime analyses meso-level MLP  Source: (Geels, 2004) 

5.1 History  
Around 1880 the horse tram created and dominated the way of mass transportation in the through 
industrialization and mass immigration growing cities. Walking became more difficult because distances 
kept increasing. Nevertheless, a big disadvantage of this type of transportation was the high costs of 
operation necessary for the food, stables and shoeing of the horses. Electric trams removed these 
limitations because electricity was those days the symbol of progress and renewal. Besides, a new 
market emerged for electricity companies and streets got cleaner which fitted nicely with the increasing 
awareness of hygiene. The result of the mass immigration towards the cities was that the middle class 
started to live more and more in suburbs enabled by the cheap electric trams. In these suburbs new 
styles of living were developed with touring and racing on bicycles as most remarkable. Not for 
transportation but only for leisure and recreation. The social function of streets started to change from a 
place to meet people and for children to play on towards a means of transport. Sidewalks were 
constructed and roads paved to separate the different functions and increase safety.         

The success and victory of the internal combustion engine was not triggered by a single incident or 
impact but based on the interaction of multiple social, economical and technical factors between 1890 
and 1905. Price was a key factor herein because through earlier use of mass production and marketing 
tools cars with internal combustion engines were sold more and at lower prices than the ones propelled 
by electricity or steam. Although the three propulsion technologies those days had their specific 
problems, developments in internal combustion engines went faster than in the other two giving it an 
early advantage. Even more, the internal combustion engine propelled cars seemed to match perfectly 
with the new culture and style of recreation; racing and touring on bicycles.     

Electricity regime 
Fossil fuel based car regime  
EV niche  
BEV  
PHEV  
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Already during the late 1700's, European engineers began experimenting with engine powered vehicles. 
By the end of the 1800's steam, electrical and combustion engines were developed far enough to power 
vehicles. Drawbacks related to the internal combustion engines were and are the noise, starting was 
difficult, they consumed a lot of water, had a short range, required a gearbox to prevent stalling of the 
engine and they had a low maximum speed. EV on the other hand were and still are limited by their 
battery performance making it those days difficult to climb steep hills but also limiting their range and 
top speed. The heating up time of 20 minutes and the large amounts of water necessary to produce the 
steam remained a long time the problems around steam engines.  

However, by the 1900's, it was still uncertain which type of engine would power the automobile. Initially 
electric vehicles were most popular because electricity was the symbol of progress. Taxies appeared the 
ideal niche for this kind of vehicles but reliability of the batteries reduced enthusiasm. Despite changes 
in battery technology EV were outpaced by the technical developments made around the internal 
combustion engine. Especially the solution to the crank start by means of an electrical starter cleared 
around 1911 the internal combustion engines’ path. Women were able to drive them now and R&D 
efforts for mass production concentrated on small capacity batteries instead of increasing power and 
storage capacity necessary for EV (Cowan, 1996).  

As a result, production of electric vehicles was stopped around 1910 despite several speed records. The 
vehicles with a steam engine were produced into the 1920’s when they lost the battle with the 
combustion engine as a result of safety issues and high construction and utilization prices. The 
combustion engine won the battle and the Oldsmobile was the first car produced for the masses in 
1901. Although commercial production started earlier in France, production numbers were small and 
they were mostly built by hand. American manufacturers on the other hand were using production and 
assembly lines to build their vehicles and depended for a large part on independent suppliers for the 
different parts and components.  

American Henry Ford, one of the first of implementing Taylorism, was the first person who could 
produce reliable and affordable combustion engine powered vehicles on a large scale. He sold between 
1903 and 1920 over one million cars. The success of Ford was based on the fact that initially all vehicles 
built were meant as a toy for the wealthy. However, the freedom factor made vehicles ever more 
popular among the rest of the population. In order to sell as many vehicles as possible Henry Ford priced 
his cars as cheap as possible and made sure his employees earned enough money to buy a car they 
produced themselves. Now that cars became more accessible for the middle class and range was less an 
issue compared to horse transportation, people and companies started to live and establish themselves 
more in urban areas and became as a result less dependent on waterways. This was also the time that 
motor, fuel and road taxes were introduced to construct new and maintain existing roads and set up a 
self supporting road system which further closed the gap between urban and rural life.        

  



   

 
 

85 

The attractiveness and market size of the automobile depended the upcoming years heavily on the state 
of the economy which meant that during the wars people relied for a large extent on mass 
transportation. Nevertheless, the freedom, flexibility and costs of the automobile were a welcome 
alternative for mass transportation that slowly got a bad image and ended up in financial problems. As a 
result, real growth of the gasoline car started after World War II when also a large part of the trams’ 
infrastructure was demolished (van der Hoeven, 2010).  

From that moment on mobility started to impact everyone and everything making it a way of life. The 
‘cheap’ mobility allowed for leisure trips, economies of scale for business and retail, larger commuter 
distances and faster change of job and living environment among others. This car culture resulted in 
entire industries that are nowadays dependent on the existence of the automobile hereby giving it 
stability and making it difficult to change. Examples include fast food restaurants, construction 
companies, national police, convenience stores, gas stations, auto repair shops and auto shops 
(Brancheau & Wharton). As a result of the increased mobilization traffic became normal and 
transportation makes a significant contribution to the pollution and CO2 emissions (van der Vinne, 
2010). Especially this last aspect appears to become the reverse salient of the internal combustion 
engine propelled car. Hereafter the different components of the cars’ socio-technical system (figure 4) 
will be elaborated on.   

5.2 Production system and industry structure   
Policies and market demands give the industry an incentive to develop new products or services. 
Throughout decades car manufacturers and their material, component and machine suppliers 
developed, maintained and refined existing and new technologies, production and manufacturing 
processes, product characteristics and skills in order to reduce costs and serve customer demands and 
preferences. This can be seen for example in the continuous weight and size increase of the cars due to 
the customers’ demand for luxury and safety enhancing options as well as the introduction of the mass 
and lean production system (BOVAG-RAI, 2010/2011, pp. 21, 46, and 55).  

Performance related improvements negatively affected fuel consumption being the result of mutual 
competition among manufacturers rather than user preferences. Nonetheless, the increasing amounts 
of materials used also boosted the economies of the Western world.  Engineers in these companies have 
together with scientist and researchers developed a certain tacit, cognitive and formal knowledge base 
which includes insights, strategies, routines, methods, managerial lessons, engineering practices and 
ways of defining problems.  

Furthermore, recently a shift is visible from OEM towards their suppliers. The latter ones increasingly 
add more value to the final product, often have long standing contracts and are settled in the vicinity of 
the OEM factories. Together these factors make a radical change increasingly risky not even talking 
about any reputational damage if a radical technology turns out not to work.      
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5.3 Maintenance and distribution network 
Closely related to the manufacturers are the dealers and the repair shops who carry out the distribution, 
maintenance, repairs and vehicle testing (MOT) of our cars hereby providing almost 100.000 people a 
job in the Netherlands (BOVAG-RAI, 2010/2011, pp. 39-42). These various repairs and vehicle tests are 
guided by standards and procedures to maintain and guarantee a certain level of quality and safety.   

Within this network a distinction can be made between official brand specific dealers, universal garages 
and fast fit businesses. The later hereby often providing the tires, exhausts, brake related items and 
aftermarket products for somewhat older cars. The sales and marketing people within these 
organizations have to know the customers’ expectations and preferences but also the structure of the 
market with its rules, laws and possible subsidies. Offered by public authorities these latter ones include 
for example like certain particulate filters or the scrap page programs known as ‘cash for clunkers’ in the 
United States.  

5.4 Markets and user practices 
Throughout the 20th century the car became an important way of transportation. Initially it appeared 
next to walking, the bicycle and public transportation with the advantage of reducing distances and 
making them especially easier travelable. The last decades it’s even the most important way of 
transportation which keeps on growing (BOVAG-RAI, 2010/2011, p. 54 and 67). Through increasing and 
diverging demands users have established multiple customer segments, each with their own 
expectations, preferences, etc.  This resulted in an extreme amount of models developed by the 
manufacturers to serve and gain a share of each segment. The mutual competition among these 
manufacturers to gain a share of each ‘pie’ can be seen as a normative rule pursuing profit and growth.   

In the Netherlands these segments are indicated by letters. We can distinguish the segments A till N 
which can for instance be further divided in sedans, hatchbacks and station wagons (BOVAG-RAI, 
2010/2011, p. 22; ANWB, 2008). Besides, cars are embedded in consumption patterns and routines of 
users. Some use them for every day commuting while others have them just to go out shopping. This 
means that users got accustomed to and adjusted their habits to a certain range, performance or 
comfort.  

Even the economical and physical aspects are accepted and incorporated in the routines of the users like 
depreciation, insurance fees, parking fees and injuries. Fuel consumption and the related emissions 
initially did not have a high priority among users when purchasing a vehicle. However, this first issue 
changes on the priority ladder when fuel prices rapidly rice because it affects the user immediately at 
the gas pump (van Bree, Verbong, & Kramer, 2010). Emissions influence the car user indirectly by 
changing the climate very slowly. As a result vehicle emissions are regulated through government 
regulations. These regulations put direct pressure on the manufacturers by means of an emission level 
based on the fleet average they produce. Indirectly it’s regulated through taxes on vehicle owners which 
accordingly can change their preferences.    
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Also institutions and societal groups have a big influence on the developments, routines and norms 
within the regime. They structure, control, influence and decide on behalf of a group of individuals with 
the same social-economical, -financial, - educational, private or public purposes. This is mainly done 
through lobbying and education. As a result a broad group of parties can be distinguished varying from 
environmental groups (Greenpeace) to interest groups (ANWB, KNAC, BEUC, Rover), knowledge groups 
(technical institutes (KEMA, TNO, ECN), universities, R&D laboratories) and service groups (banks, 
investors, insurance and lease companies, media, EuroNCAP). These groups ‘interact and form networks 
with mutual dependencies, resulting in the alignment of activities’ (Geels, 2007).  

5.5 Culture and symbolic meaning 
The cognitive part of a car can express itself in several things including the users’ freedom or 
independence, individuality and status. Some use them just as a ‘toy’ for the weekends or to belong to 
some social group. But also wellbeing due to leisure and travel opportunities as well as wealth and job 
creation are important benefits for society. Nevertheless, for most people it’s a product of convenience 
that provides on-demand transportation and mobility.   

Culture differences are nicely illustrated by the differences in size, weight and engine displacement 
between for example the smaller, economical and lighter cars in European and Asian countries and the 
bigger, gas guzzling and heavier ones in the United States. The increase of the number of vehicles as well 
as the (American) culture are for a large part the result of (sub)-urbanization from the cities and the 
rural areas respectively. Nowadays the U.S. shopping centers, schools and churches are moved from the 
town/city centers to places a little outside towns or cities. This stimulated car use which also resulted in 
more roads, instead of going everywhere by foot or bicycle.  

5.6 Fuel infrastructure 
In order to get new fuel every time the indicator lights up on our dashboard we are dependent on the 
globally dispersed gas stations. In general, particularly in the Western world, every few kilometers 
somewhere a petrol station is present to temporarily solve the cars’ ‘appetite’. These stations belong in 
general to the companies that extract the crude oil out of the ground, were it was created during 
millions of years from the remaining parts of plants and animals, and refine it through distillation into 
usable hydrocarbons like gasoline.  

This part of the infrastructure is very important because currently users do not want to be depended on 
the place, time and range to refuel their car. The prices vehicle users have to pay at the pump consist in 
general out of VAT, excise duties and levies which differ by country. For the Netherlands, with one of the 
highest fuel prices around the world, the government’s share on petrol was, in June 2009, 63%. The 
remaining share of 37% is what the oil companies have on margins and costs (BOVAG-RAI, 2010/2011, p. 
49). These taxes imply that also governments contribute to the lock-in of the fossil-fuel based car. It is 
furthermore expected that vehicle demand, and as a result total kilometers, will increase towards the 
future giving oil companies a popular and relative comfortable position (Dargay, Gately, & Sommer, 
2007).   
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Besides the fact that oil dependence poses a threat to the economic security, as price instability and 
security of supply impact the market despite the ‘invisible hand’ of the marketplace, oil companies have 
gained during the cars’ existence an ever increasing role in (inter) national decision making and price 
fixing. This ‘invisible hand’ should however regulate the infrastructures’ profitability by preventing 
excess profits and stimulate investments.  

As a result of their monopoly position on this economy stimulating resource, oil producing companies 
are of course not in favor of alternative ways of producing electricity and propelling vehicles. They 
acknowledge the fact that some things concerning the climate have to be changed but this is not a full 
conversion to sustainable energy sources. They rather see the future in technologies like Carbon Capture 
and Storage (CCS) that reduce greenhouse gas emissions of their current business operations which they 
try to achieve by means of power struggles (Shell, 2009; BP, 2009).  

Nonetheless, we must also not forget that oil companies sell a lot of their products, mainly gas, to 
electricity producers. If EV will become the dominant technology electricity demand will rise. If not 
covered completely by renewables, what initially probably will be the case, the oil companies’ customer 
market will shift from car users towards electricity producers. It will also take some time, if it even is 
going to happen, before the 8 million fossil fuel vehicles in the Netherlands will be replaced by EV. On 
top of this, the petrol and diesel market of Europe will decrease as a result of reduced mobility through 
ageing and more fuel efficient engines. For Shell implications are expected to be minimal as some part 
of this diminishing fuel demand will shift towards an increase in electricity demand and an enormous 
demand increase in developing countries like India and China (interview 20).        

According to Shell it is at the moment difficult to estimate the real impact or threat of EV to their 
business as only a few vehicles are on the road. In one of their own scenario studies 50% of the 
passenger transport could be electric by 2050, including hybrids. This would be the first step towards full 
electrification of transport something which Shell especially sees for local transportation where range is 
not a prerequisite. If this scenario is realized there will be no direct contact anymore between Shell and 
its customers as they aspect that during the initial phases most charging will happen at home or work 
when people have more time. Especially since the current battery technology makes it impossible to 
recharge sufficiently in 10 minutes (interview 20).         

5.7 Automobile 
The car in general stimulated to world economies through direct as well as indirect actions. This varies 
from the production and manufacturing of the cars and its parts to the resource delivering, construction 
and supplying industries. Metal, glass, rubber, paint, petroleum / asphalt are some of the materials 
necessary to build, maintain and drive cars and to construct roads, bridges and tunnels. However, the 
car also provides the world with a lot of negative effects which include noise, water and air pollution, 
using vast amounts of finite fossil fuels and human injuries or even deaths (Banister, et al., 2000). 
Despite these pros and cons it has developed itself throughout the 20th century into a vital element of 
personal transportation resulting in a lock-in. 
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5.8 Road infrastructure and traffic system 
As a result of the constant increasing number of cars and car kilometers it became at some point 
necessary to start implementing certain traffic rules to reduce accidents and keep the traffic flowing. 
Related to these rules are of course the necessary adjustments to the road infrastructure to facilitate 
and support the established rules. Road signs and stripes, speed limits, traffic lights, parking spaces, 
fines and sidewalks are some of the many things that were developed to guide all the traffic flows.  

The total number and length of the roads increased throughout the 20th century and became a natural 
presence for the modern world. During this period pedestrians have been pushed aside from the roads 
to the smaller sidewalks to give way for the growing number of cars. Eventually this lead to the current 
situation were cities are adapted to cars by means of local and provincial wide, paved roads for and to 
every house, motorway restaurant and motel. Large multi-lane national highways with their traffic 
interchanges were constructed between the large cities resulting nowadays often in traffic jams.  

5.9 Regulations and policies 
Public authorities are among others responsible for the laws, policies and regulations (traffic, safety), 
road, vehicle (BOVAG-RAI, 2010/2011, p. 68) and fuel taxes, building and maintenance of the road 
infrastructure, fines and ‘perfect’ competition in the different related branches. These authorities can 
operate on supra-national (EU, WTO, GATT), national (government, ministries, parliament) and local 
level depending on the influence and importance of the interventions (Geels, 2005).  

In the Netherlands the tax revenues related to the car regime account for 6,7% of total taxes, excises 
and levies (BOVAG-RAI, 2010/2011, p. 47; Rijksoverheid, 2011). These relative easy revenues through 
vehicle use are in the Netherlands often called the governments’ ‘milk cow’. Nevertheless, several public 
authorities are responsible for building and maintaining the road infrastructure of the country. This can 
completely be covered through these taxes since the revenues are 16.9 billion and the expenditures 6.2 
billion euro’s (BOVAG-RAI, 2010/2011, p. 47). Initially policy makers stimulated car and road building to 
overcome the social isolation of farming communities as a result of urbanization (Geels, 2005).  

The ability for people to move flexibly from place to place still has far reaching implications for the 
nature of societies. This is another important aspect government bodies have to take care of and which 
is not directly guided by consumer preferences. Besides the building and maintenance of the roads this 
includes, land use, pollution and health related issues.  By means of policies and regulations pressure is 
exerted to achieve certain goals. Although being an end-of-pipe solution, the catalytic converters are 
probably one of the first and widely used measures to improve vehicle emissions.  

In 2001 the Dutch government implemented an energy label to stimulate the use of fuel efficient cars 
for example. This label shows the relative (75%) and absolute (25%) consumption of the car compared 
to the average of other cars in the same class. A distinction is made from the green label A, at least 20% 
more economical, till the red label G which is more than 30% less economical compared to the class 
average. As a result a shift is visible towards more fuel economic vehicles (BOVAG-RAI, 2010/2011, p. 
24).  
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This will probably be further stimulated by the plans were the Dutch BPM (tax on passenger cars and 
motorcycles) will be slowly replaced by means of a calculation related to the absolute amount of CO2 
emission. For the period 2010-2014 this means that economical cars get cheaper and less economical 
ones more expensive because on average the cars stay equal in price. Moreover, for lease car owners 
the additional tax liability has since January 2010 four categories, which are again related to the CO2 
emission of the vehicle (Belastingdienst). Emissions are thus mainly reduced through government 
intervention aimed at technical improvements rather than changing the behavior of the user.  

5.10 Conclusion 
The different elements described in this chapter included the rules, actors and socio-technical system of 
the fossil fuel based car that make up the socio-technical regime of the MLP. Together they reproduce 
and stabilize the current car regime through institutional arrangements, formal regulations, vested 
interests and associated road and fuel infrastructures. The latter physical components also stabilize the 
current regime because of the sunk-investments which make it harder to replace or abandon them. The 
inter-group communication, dependence and coordination does furthermore not exclude the individual 
groups’ autonomy as they keep their own features and selection environments. As a result 
developments occur in specific directions hereby becoming blind to, and forgetting others. The fossil 
fuel based car regime prefers therefore incremental over radical innovations.  

The car manufacturers and oil companies as the main players are not waiting for the transition to 
complete and they run out (a major part) of their business. The regime has therefore throughout the 
years adapted several aspects from the different niches. Oil companies started to pay attention to and 
invest in fuel cell technology so that they can remain the energy supplier of the transport sector by 
offering a hydrogen infrastructure. The same developments were visible in the different biofuel and gas 
niches. Automobile manufacturers on the other hand started the last couple of years to apply 
technologies to reduce the vehicles fuel consumption. This varied from optimizing the ICE processes to 
applying energy saving components. Examples of these add-on technologies, which are most of the time 
developed and introduced in niches, include start-stop systems, regenerative braking and electro-
magnetic clutches on the alternator and pumps.  

Besides adapting the fossil fuel based vehicles, car manufacturers realized at some point that they had 
to start investing in alternatives. Where some of them put all their hope on one technology others are 
investing on multiple niche technologies to prevent eventually missing the boat. Although initially 
laughed at, Toyota was with their Prius 1 probably one of the first from the OEM with a hybrid electric 
vehicle. From the moment when the Prius 2 was introduced criticism reduced and it got quieter. With 
today’s sales numbers of the Prius 3 most other OEM regret the fact that they did not do it themselves. 
They recognize that developments in the EV niche are going quickly. 

Nevertheless, real evidence that OEM, except from the Japanese and French maybe, are altering their 
product line is minimal. It is to a large extent still window-dressing by the OEM. Most of them are 
developing an EV or a HEV and are so far surviving next to the newly founded and emerging EV builders. 
Until now these new companies are still way ahead compared to what the different OEM offer. Note 
that this is what OEM currently offer, not what they can and want to build (interview 8).    
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6 Landscape developments  
This part will describe the macro level of the MLP (figure 31). The landscape developments put pressure 
on the regime which eventually can result in windows-of-opportunity for niche technologies. Despite 
pressures and tensions in the past, the socio-technical automobile regime has so far been able to 
maintain a state of dynamic equilibrium. However, these generally slowly and hard to change 
technology-external influences contain factors that continue to affect or put pressure on the regime. 
They consist of a heterogeneous set of “deep structural trends” occurring at the macro level beyond the 
direct influence of regime actors (Geels, 2002).  

 

Figure 31 Landscape developments on the macro-level of the MLP    Source: (Geels, 2004) 

When taking a closer look at these aspects influencing the fossil fuel based car regime we can distinguish 
wars, environmental problems, pollution and oil related issues among others. Despite the fact that fossil 
fuel based cars with their internal combustion engines provided us throughout the last century with a 
lot of freedom, certainty, employment and economic growth regime pressure keeps increasing and 
alternatives become increasingly more competitive. Some tensions commenced earlier than others but 
together they are resulting in Windows-of-Opportunities for alternative technologies like electric 
vehicles.          

The OPEC oil export embargo in 1973 and the 1979’s oil crisis in the wake of the Iranian Revolution were 
probably one of the first signs of the vulnerability of the oil-based economic growth and modernization 
battle going on in the Western world. It struck the industrialized economies hard resulting in a 
quadrupling (Williams, 1996-2007) of the oil prices and a disrupted supply. The increased fuel prices lead 
to long lines at gas stations which also triggered Japan to start producing smaller and more fuel efficient 
vehicles as an alternative for the gas-guzzling American ones.  

Combined these two oil crises in the 70s had their repercussions on consumer preferences. Fuel 
economy rapidly moved up the priority list and consumers started to adapt their behavior by resorting 
to smaller and lighter vehicles. The 1990 crises which eventually lead to the Gulf War drove oil prices 
even further up as can be seen in figure 32.   
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                Figure 32 Crude oil prices                                 Source: www.wtrg.com 
 
 Related to the developments around the oil prices is the issue of security of supply. With an increasing 
dependence on fossil fuels, especially coal, oil and gas, the industrialized countries want to be sure to 
capture a decent part of the remaining reserves which are unfortunately not evenly distributed around 
the world. Besides the fact that not every country has its own fossil fuel resources, the reserves that are 
present generally lie in politically unstable regions or countries and are laid down in bi- instead of 
multilateral relations and agreements. In order to prevent too much dependence on reserves from 
unstable foreign countries a clear shift is visible within countries throughout the world to diversify their 
energy sources.       

Slowly throughout the last decades also awareness arose about industrializations’ impact on the world’s 
environment. This expressed itself mainly in constantly increasing air and to a lesser extent noise 
pollution. Nonetheless, the accident in the Gulf of Mexico with the Deepwater Horizon drilling rig of BP 
in 2010 had its influences on the national as well as international drilling policies stimulating the route to 
become less dependent on imported oil. The major air pollutants causing the climate change include 
SOx, NOx, COx, VOCs and particulate matter (BOVAG-RAI, 2010/2011, p. 60+61). As a result regulations 

and new technologies have been implemented to reduce the amount of emissions in many 
countries. Nevertheless, high levels of emissions are still being produced each year of which 
around 27% are related to the transportation sector in the United States (PEW Center). 

Because of this multiple EU directives and Clean Air Acts (in the U.S. from 1955 till 1990) came into force 
in order to reduce air pollution. Globally this resulted in 1997 in the Kyoto Protocol under the UNFCCC 
which is currently ratified by 191 parties (UNFCCC). Coming into force in 2005 the targets included the 
reduction of greenhouse gas emissions by 37 industrialized countries, in the period of 2008-2012, by an 
average of 5% against 1990 levels. 
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In 2008 the EU came up with new goals for the period until 2020. This often called 20-20-20 agreement 
includes at least a 20% reduction of greenhouse gasses compared to 1990 levels, a 20% reduction of 
primary energy use achieved by improving energy efficiency and 20% of the energy consumption to be 
produced by renewable energy sources (European Commission). In December 2009 new agreements 
had to be made during the Conference of Parties in Copenhagen as successors of the by 2012 expired 
Kyoto agreements. This did not happen and binding agreements are postponed, however.          

As a result of these continuous developments pressure is put and exacerbated on the current fossil fuel 
based car regime. Currently no signs are present that this will change in the nearby future. These 
pressures slowly want to generate a change in the transportation sector because of its reliance on fossil 
fuels, being primarily oil. With this increasing dependence on and growing consumption of oil renewed 
interest in alternatives like electric transportation is aroused. By making the transition to electric 
vehicles dependence on oil and gas can be reduced as well as the automobiles’ impact on the climate 
change. If this process continuous significant changes have to made technology wise but also culturally 
and institutionally. 
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7 Multi-Level Interactions   
This chapter describes the interactions (figure 33) between the previously discussed three different 
levels of the MLP. The bottom-up niche and top-down landscape pressures can influence the regimes 
positively and negatively. However, this depends on the stability of the regimes, kind of pressure from 
the landscape and match with available niche technologies. Together they can result in different 
transition pathways (Geels & Schot, 2007).   

 

Figure 33 Multi-level interactions of the MLP  Source: (Geels, 2004) 

Stability of the regimes is generally higher when the actors, institutions and rules match and fit together. 
Through changes in the selection environment like for example user preferences, policies or standards, 
regimes slowly evolve within the (technical) boundaries of the technology. However, regimes are 
generally resistant to radical change as a result of sunk investments, vested interests and rusted 
behavior.       

If we apply this to the fossil fuel based car regime different aspects and transition pathways become 
visible. The most important landscape developments that influence the ICE technology are climate 
change, increasing oil prices, security of supply, and global mobility needs especially in emerging 
countries like India and China. All of them do not reinforce or support the regime anymore hereby 
disrupting the regime technology.  

The regime actors initially ignored these developments or observed them as a moderate pressure since 
they could affect their business negatively. When the first policies and regulations were introduced to 
reduce the vehicles’ pollution they were relatively easy met by the regime. OEM started to use catalytic 
converters for example and switched from carburetors to the development trajectory of fuel injection to 
solve the ICE’ local problems. Although the latter one was drastic and performance boosting, compared 
to a transition towards electricity or hydrogen this still was a cumulative, incremental and rather 
inexpensive transformation (figure 34) of the ICE technology. This transformation path can furthermore 
be supported by the fact that most regime actors stayed the same whereas only their rules and search 
heuristics were changed. Also niche technologies were not sufficiently developed yet to take advantage 
of the opportunities at hand.  

Electricity regime 
Fossil fuel based car regime  
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Nonetheless, pressures like 
climate change and consumer 
demand for more fuel efficient 
vehicles kept picking up 
momentum the last decades 
hereby putting more stress on 
the ICE regime (Voelcker, 2010). 
That this by chance resulted to be 
better for the environment was 
probably a welcome bonus. 
These increasing pressures gave 
opportunities to other alternative 
niche technologies and paths.  

Although new firms and entrepreneurs found their origins in alternatives like biofuels, fuel cells, 
hydrogen, and EV, most developments took place at the OEM themselves. All these niche technologies 
had their ’15 minutes of fame’ the last 10-15 years but none of them became market ready and only 
parts were used as symbiotic innovations to improve fuel efficiency of the fossil fuel based vehicles.  

Although others developed smaller and more fuel efficient vehicles Toyota and Honda were the first 
OEM that used their adaptive capacity to reorient their development trajectories by combining the 
electric motor from EV with an ICEV. This resulted in the first (parallel) hybrids and the start of a 
reconfiguration pathway (figure 35) as the few and en masse available hybrids came from OEM and 
were still dependent on gasoline. While initially used to among others improve gas millage, safety, 
enhance the vehicles’ comfort, and solve local (emission) problems, outsiders but especially incumbents 
slowly started to realize the potential of electronics and electricity to change the entire regime of fossil 
fuel based transportation.  

Figure 34 Transformation pathway              Source: Geels & Schot 2007 

Figure 35 Reconfiguration pathway               Source: Geels & Schot 2007 



   

 
 

96 

Continued introduction of international rules, standards and targets to influence the climate change 
impact even further reduced the amount of CO2 production. These increasing emission targets, energy 
efficiencies, and renewable energy sources have created window-of-opportunities for radical 
innovations in the transportation sector as it is an important contributor to these emissions. While 
currently EV seem to be the solution to solve these ‘local’ problems in the transportation sector they 
also have the potential to solve infrastructure problems from the electricity regime as a result of the 
increasing amount of renewable energy sources towards the future.  

To meet future emission targets some expect that the limits of the ICE will be reached and add-on 
improvements are going to be insufficient (D-incert, 2010). The add-on improvements are also known as 
the sailing ship effect to keep the ‘old’ regime technologies as long as possible competitive with the 
emerging ones. Nevertheless, the potential of the ICE technology is often underestimated. Even more, 
developments in ICE do not stand still and investments are still being made to further improve the ICE 
technology and reduce its emissions. 

Although designing and developing a new vehicle from scratch takes several years, it is likely that the 
OEM’ adaptive capacity was triggered by the niche market entrants and outsiders. As a result OEM 
probably needed to come up with completely new (electrified) power trains more quickly than they 
initially anticipated. Regime outsiders like Tesla and AGV play therefore an important role as they were 
the first with alternative vehicles that demonstrated and offered viable solutions for the changed 
selection environment. While initially maybe not immediately accepting the fact that ICEV had their 
glory days in the past and they reached their maturity phase, by now most OEM realize that radical 
innovations and drastic changes in their search heuristics, perceptions, rules, routines, and innovation 
activities are necessary to survive. 

Although being relative rigid institutions compared to smaller start-ups, most OEM have used their 
adaptive capacity to reorient their development trajectories in a response to the changed selection 
environment. Based on the technical variations available so far it seems that OEM see in the EV 
technology new opportunities. Especially, since they are able to take along a major part of their 
knowledge and resources. This strengthens the fact that they probably will maintain the status quo. 
Renault-Nissan (interview 1) even indicated to put an EV on the market in every vehicle segment the 
upcoming years. That the OEM are so far surviving expresses itself also during designing and production 
as even completely from scratch designed EV look like and are based on ICEV despite extra freedom by 
absence of the ICE. Reasons for OEM not altering their vehicles’ design radically can be investments 
necessary to completely adapt assembly facilities or shocking consumers by possible too futuristic 
designs hereby not improving acceptation (interview 21).    

While the technical niches of BEV, PHEV, and HEV are by now slowly changing towards market niches 
the majority of them are still not sufficiently developed, yet. Most respondents and literature therefore 
expect that the first EV are going to be used and deployed in specific niches that can maximally benefit 
from the specific qualities like reduced noise and limited local air pollution. The EV will consequently be 
additional rather than replacing ICEV, especially for long distance travelling.  
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However, through niche introduction and diffusion also the necessary adjustments to the regime 
structure can go gradually since it would after all be irrational to overnight substitute ICEV for EV with 
accompanying infrastructure, rules and the like.  

What type of niche technology will eventually become dominant remains to be seen but it seems 
conceivable that the different types of hybrids will fulfill the role to slowly bridge the gap between 
today’s situation and the future. Some of the technical variations will fit the new selection environment 
better than others, however. The ones that succeed and diffuse will change the regime from within. If a 
transition to EV will be made in several years from now and our complete infrastructure and behavior 
has changed, a new regime has completely reconfigurated (figure 35) out of the old one. We should 
however not forget that transitions from the ICE technology towards alternatives like EV are not the 
result of innovations in one technology alone but the result of several changes on different levels 
(Cowan, 1996; Geels & Schot, 2007). It becomes furthermore clear that substitution of the regime is 
practically impossible. However, changing the ICE regime is possible, but given its strength, adoptability 
and influence it will be hard and take a substantial amount of time before a transition is completed let 
alone for outsiders to replace the incumbent parties like the OEM and oil companies.   
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8 Business models KEMA 
After elaborating extensively about the developments in de EV niche in chapters 3 and 4, this chapter 
will focus more on the relation between these developments and the possible implications and 
opportunities for the company KEMA and the department New Energy Technologies (NET) in particular. 
Questions that will be answered in this chapter include; what is KEMA’s current position and business 
model in the EV market? What are the EV market forces and demands for KEMA in particular? Which 
existing services can KEMA use to develop new value propositions and anticipate on the changing 
market? Through which business models should these value propositions be brought to the market?  

The first paragraph will start with the difference between causal and effectual reasoning. As the NET 
department is a more entrepreneurial unit within KEMA globally, a different approach in decision 
making may be fruitful. The second part will discuss KEMA’s current position in the EV market and the 
business models they use to generate new leads. This will be the basis where the remainder of the 
chapter is build on. The third subsection will subsequently cover KEMA’s clients with their needs and 
demands, their competitors, and other market trends and risks. The technology adoption lifecycle of 
Rogers (1964) will be used again in paragraph 8.3.1 in combination with the logistic function. This 
lifecycle is used to visualize KEMA-NET’ market position in relation to market size and segments. The 
fourth part discusses potential business opportunities by means of expanding existing activities or 
developing new ones. Finally, the fifth part will elaborate on new business models with their pros and 
cons and how they can help KEMA in generating new business in the field of EV. This last section uses 
the Ansoff matrix (Anderson & Kheam, 1998; Tagsko, 2011) to show the four different product-market 
combinations companies can follow as a growth strategy.     

8.1 Causal and effectual reasoning 
Since opportunities to develop new products, enter new markets, or implement new business models 
involve risks, companies need to make well considered choices and decisions. This can be achieved by 
two opposite thought processes being causal and effectual reasoning. The first one is broadly used, 
based on predictions one can make given certain inputs, and converges generally to a pre-defined goal. 
Effectual reasoning on the other hand is less known and more divergent and entrepreneurial in nature 
as it starts with an internal analysis about who you are, what you know, and who you know.        

The effectuation theory distinguishes four principles that are the opposite of the causation theory: 1) an 
affordable loss rather than expected returns, 2) strategic alliances rather than competitive analyses, 3) 
exploitation of contingencies rather than exploitation of preexisting knowledge, and 4) controlling an 
unpredictable future rather than predicting and uncertain one (Sarasvathy, 2001). In the second 
principal the network component of the SNM theory more or less returns, stressing the importance of 
collaborations, platforms, expectations, commitments, and mutual interactions and alignment. Although 
the preexisting knowledge of the third principal is very important for KEMA, the others can change 
KEMA’s perspective or way of doing things.  

Both thought processes will in the final paragraph be evaluated on their match with KEMA-NET and the 
EV business (model) opportunities discussed in the remainder of this chapter.   
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8.2 Current position and business model KEMA-NET 
As a provider of high-quality services – business and technical consultancy, operational support, 
measurements & inspections, testing & certification – KEMA has been active in the global energy value 
chain since 1927. Besides advising governmental bodies and producers, distributors, suppliers, and end 
users of energy on risk, performance and quality management, KEMA also certifies products, processes 
and individuals on medium and high voltage levels. 10-15 years ago KEMA was only marginally involved 
in (public) transport and ICEV. As a subcontractor their contribution to the field of ICEV was hereby 
limited focusing only on certification and EMC of electrical components.  

The first project related to EV was in 1993 for the Dutch postal service PTT and included an inventory 
and project plan for electric company cars. The same kind of project was a year later executed for GEB-
Rotterdam (energy company of the municipality of Rotterdam) together with a project for investigating 
the purchase of three EV to drive around in on KEMA’s own business park. In 1996 KEMA launched the 
project for an electric train cab, a shuttle service between KEMA’s business park and Arnhems’ train 
station. The main objectives of the project were testing the technical feasibility of zinc-air batteries and 
demonstrating that is was possible to drive on pure electricity without producing any direct CO2.  

The feasibility study included battery swapping, reliability, ageing, and performance test, usability of the 
vehicle for its passengers, and demonstrating the higher chain efficiency of EV compared to ICEV. The 
chains’ efficiency calculation also initiated the project since KEMA was at that moment working on 
multiple projects investigating possible efficiency improvements throughout the entire electricity 
production chain. Eventually the cab drove only 1000 km as it failed on financial support, difficult 
collaboration between the OEM and the battery manufacturer, and relative low electrical efficiency. 
However, as for publicity it was great considering the different newspaper articles, participation during 
exhibitions, and a publication in a technical journal.  

Based on today’s knowledge KEMA was probably too early with its train cab project as time was not ripe 
yet and an opportunity was lacking. Especially, as on January 19, 2011 the first Prestige electric cab was 
put into service in Utrecht (Prestige Green Cab). Pressure from the landscape was in 1996 probably less, 
expectations more fragmented, and the network small and far from complete. This expressed oneself in 
the fact that no partners or subsidies from SenterNovem or S.E.P (collaborating electricity producers) 
could be found and the entire project was paid by WBSO (research and development tax credit) funding 
(KEMA internal document).      

From the internal discussions it became clear that KEMA-NET wants to be an entrepreneur and on the 
forefront of technologies that could have an impact on their customers. However, it was indicated that 
they should not be too far in front. Mainly, since research projects can be unattractive as they are too 
far removed from their customers’ daily business. Given that EV result among others in an impact on the 
grid, questions regarding batteries and plugs, and an increase in electricity demand it became an 
important new market segment for KEMA. Having the most affect on distributors but also producers and 
suppliers of energy it was therefore an obvious step for KEMA as they are their main customers and 
shareholders.  
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More or less a ‘new’ EV start was made with the government paid Intelligent E-Transport Management 
(ITM) project which ran from 2007 until 2010. Although KEMA already in 2006 brought it to potential 
partner’s attention, none were working on or saw potential in the new technology. However, within a 
year expectations changed and the three Dutch DSO’s Enexis, Alliander, and Stedin joined the project.  

During the project a lot of knowledge was gained regarding the impact and possible management and IT 
solutions for the network operators on the supply as well as on the demand side. On the supply side this 
covered the increasing amount of fluctuating renewable energy sources as they have an impact on the 
stability and quality of power supply making management of the network more complex. The 
differences in demand during night and day had to be taken into account from the demand side.  

The project included also a technical feasibility and social acceptance test on the demand side hereby 
focusing on EV batteries and electric heat pumps in energy storage systems. Both trends appeared to 
offer the possibility to manage the electricity demand over time hereby presenting solutions for the 
increasing fluctuations during future electricity supply.   

Although the first project with the electric train cab failed, this later ITM project got KEMA into contact 
again with EV. Combined with their knowledge base throughout the energy chain opportunities exist for 
expanding their global business in the new emerging EV niche. 

KEMA’s current position in the EV’ value chain is visualized in annex 2. Most projects so far are to a large 
extent related to the grid infrastructure. Standardization, integration, billing, limitations and 
possibilities, and impact are some of the topics that were executed for the different DSO’s, 
governments, and corporations. Other activities include safety and performance studies of batteries and 
EV safety in general.  

The business model through which KEMA obtains work depends on the different departments and even 
varies from person to person. According to several internal interviews approximately 80% of the work is 
arranged through the consultants themselves where the remaining 20% comes from account managers 
and customer relationship management. Some consultants need to do active acquisition while others 
are sometimes approached by clients themselves. Combined with the (inter) national subsidy projects 
which require even other approaches it is difficult to map KEMA’s business models in one picture. As a 
result this report will only focus on KEMA’s Dutch department NET. In annex 3 NET’s current business 
model is graphed based on Osterwalder & Pigneurs’ (2010) framework.   

8.3 EV market analyses 
This chapter will analyze the EV market for the company KEMA. By doing so a better understanding of 
the companies’ environment can be realized which can be used to better adapt an existing or build a 
new business model. However, one should realize that this is only a snapshot in time which means that 
KEMA continuously has to monitor the market in order to adapt itself to external forces and 
developments. The successive four sections will describe the market forces, key trends, macro-economic 
forces, and competitors which each have their influence on KEMA’s business model. Most information is 
obtained through a combination of literature and KEMA internal documents and interviews.         
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8.3.1 Market forces 
The crucial market issues that are going to affect KEMA include the future increasing energy demand 
and the potential transition towards EV (EIA, 2010). Combined they influence the needs and increase the 
uncertainties of KEMA’s existing clients since additional electricity demand has to be covered by CO2 
free production capacity or other sustainable measures and upgrades which were discussed in chapters 
0 and 3.6. The different actors with their roles and responsibilities in the traditional energy value chain 
are therefore re-orienting and changing themselves. However, also new stakeholders are attracted 
which together results in the fact that KEMAs’ current services slowly become redundant and upgraded 
or new ones have to emerge to fulfill the new needs of the market. Changes in the energy landscape 
include among others:  

• Pollution and emission standards that are becoming more constrained 

• Decrease in global fossil fuel discovery which increases fuel prices and importance of security of 
supply 

• Electrification and increase in energy demand 

• Increasing market share of distributed local renewable energy sources, even on consumer level 
(prosumers) 

• Increase in fluctuations in the grid making solutions like smart grids, DSM, storage, and international 
linkages necessary to separate supply and demand 

• Electrification of the transportation sector which currently experiences the first movement from 
fossil fuel based vehicles towards potentially full electric vehicles 

• KEMA and its traditional clients which come throughout the energy chain are entering a growing 
market that is new for them. This requires adapting existing or creating new business models 

Market segments 
The most important customers for KEMA can be divided in new and existing market segments (table 5) 
each with their own needs and demands (table 6). Potential new customer segments for KEMA can be 
found in and related to the mobility sector. However, they can operate in different businesses like 
electric bicycles, scooters, busses, street-cleaning cars, taxies, rental cars, etc. 

Table 5 New and existing customer segments KEMA                   Source: (KEMA, 2011) 

 

  New customer segments Existing customer segments 
Automotive which can be split up in OEM, ICEV 
converters/rebuilders, and supplying industries 

Government on (inter) national, provincial and 
municipality level  

Battery suppliers TSO 
(charge) Service providers DSO’s 

Recycling companies Electricity producing companies 
Companies that focus on 2nd life of batteries  

Charge point manufacturers  
End-users like airports, flower auctions, port 

terminals, lease companies, insurance companies, 
and financiers 
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Binding of customers can be based on state of service, price and history in the specific branch. However, 
there are no switching costs for KEMA’s customers since there are more competitors in the market 
depending on the topic of interest. This makes acquisition and retention of customers important. Brand 
can also be important herein but has to be earned especially in new markets and market segments. 

Table 6 Needs and Demands in the field of EV       Source: (Interviews, KEMA internal document) 

Needs and demands 
EV require and affect a lot of different aspects which subsequently raise questions among the majority 
of the actors. The complexity of the vehicles’ components brings the stakeholders risks and 
uncertainties. Their needs include therefore often risk mapping, risk calculation, and unburdening on 
topics like batteries, recharging, safety, grid impact, new business models, and (financial, 
environmental) benefits compared to ICEV. However, also demand exists for new strategic business 
units (e-mobility), new products (tariffs & services), and conditions for registration and accounting of 
charging processes in an attempt to increase market share, turnover and profit, and customer retention 
and satisfaction.  

Though, market needs and demands will 
probably vary depending on the phase 
EV are in. Especially the amount of 
vehicles and how they are utilized can 
require different demands and 
solutions. The adoption curve is 
visualized in figure 36. KEMA-NET is 
normally active in the blue and red 
phases. When the technology after 
some time reaches the end of the take-
off phase KEMA’s consulting 
departments generally will take over. 

 

1. Business model advice 9. Help with strategy and implementation 
2. Market studies/road maps 10. Studies towards customer billing 
3. Consultancy in relation to tendering 

processes and required ICT architecture 
11. Verifying requirements and design of 

products and processes 
4. Coupling with renewable energy sources 12. Project management and experiments 
5. Analysis energy demand 13. Energy management 
6. Safety and performance studies on for 

example charging facilities or batteries 
14. Information on vehicle and battery 

performance and operating costs 
7. Studies for different kinds of charging 

technology 
15. Support in determining EV impact on existing 

customer electrical infrastructure 
8. Support in installing charging infrastructure 

in new developments, including standards 
and guidelines 

16. Impact/feasibility studies on planned 
infrastructure and program investments, 
energy trading and average cost of supply 

Pioneering Take-off Acceleration Maturation

Figure 36 Technology adoption 
curve (adjusted from Tungsten, 
2009) 
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8.3.2 Key trends 
A major technology trend is the strong electrification of energy demand and more specifically the 
mobility sector where the ICE receives more competition from alternative power train technologies. 
With it much emphasis lies on battery price/performance ratio, and grid impact. However, expectations 
expressed during the interviews and throughout the literature indicate that several energy carriers are 
probably going to exist side by side like batteries, hydrogen, bio fuels, and fossil fuels. Furthermore, a 
shift is visible in the value chain increasing the added value of supplying industries at the expense of 
OEM.   

Trends in the energy chain indicate the increasing production and use (prosumer) of (local/distributed) 
renewable energy sources. This touches KEMA’s core business. It makes ‘smarter’ grids (DSM and smart 
meters/chargers) necessary to facilitate the communication and regulation between the user and the 
grid. Other options to level off fluctuations include storage, local balancing and separating supply and 
demand.  

Combined these developments result in an overlapping of and interdependence between different 
technologies like automotive, smart grids, DSM, renewable energy sources, and storage. This means that 
KEMA internally also has to increase international collaboration between their different teams and 
business units. With the new organization structure operational from January 2011 a first step is set 
towards cross-business line working.   

Regulatory trends 
Governments stimulate the adoption of EV through subsidies and other regulations. Their influence on 
the market is substantial as it is unsure how long the several tax exemptions and other stimuli stay in 
place. Especially as most European governments have to cut cost substantially. If these subsidies are 
removed it will certainly affect the market and herewith KEMA.  

As long as pollution standards for vehicles are being tightened it will be a stimulus for the EV market. 
The same holds true for measures to reduce CO2 emissions from electricity production. One of the 
solutions is increasing the amount of renewable energy sources. These renewables on the other hand 
give problems regarding grid balance which can among others be solved by ‘smarter’ grids and EV. 
Additionally, depending on who becomes the owner and/or responsible for recycling the EV’ batteries, 
second life becomes an interesting application in the EV’s business case.     

Societal and cultural trends 
Most obvious societal trend is the increase of electricity demand through products like heat pumps, 
cooling, luxury goods, and possibly in the future EV. However, at the same time there is also a growing 
social consciousness regarding global warming and sustainability issues resulting in increasing ‘green’ 
purchases (GreenBiz Staff, 2010). Furthermore, society is becoming more risk-adverse, increasing the 
demand for third party verification from companies like KEMA.  
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8.3.3 Macro-economic forces 
The past two years were characterized by stabilization in the financial market, while recent economic 
growth figures are positive. However, there is an ongoing uncertainty as to when the economy will 
recuperate. The different financial markets are still fluctuating as a result of the announced economic 
cutbacks, concerns about national debts and great differences in the rate of recovery of the property 
markets of the various European countries. Besides, banks are faced with new rules and many loans are 
about to expire. Combined these signals probably initiate the beginning of a new era, one with different 
market conditions and a permanently altered view of market risks (LaSalle, 2010).  

Since the economy is currently recovering again from the global recession (Economics, 2010) some 
(Private Landowner Network, 2008; Bionomicfuel.com, 2009; and Macnab, 2010) indicated that this 
could be a good reason to start focusing and investing more on a renewable, sustainable and greener 
society. Two aspects related to this are the implementation of more sustainable energy sources and a 
reduction of emissions. Both these aspects can be improved if EV in combination with a ‘smarter’ grid 
are rolled out.  

Research agency Profundo found however, that Dutch banks so far on average invest more in fossil 
energy than in renewable energy as a result of the bad investment climate (van Gelder & Kouwenhoven, 
2010). Prices for commodities like batteries and other resources to utilize and produce the EV are still 
relatively high. This influences the price of the vehicles and as a result the market size. Indirectly this is 
essential to KEMA’s EV business as well. For KEMA the main costs are in labor which on itself to a large 
extent depends on the product/service that is sold. Testing and certification generally involves lower 
wages compared to technical and strategic consulting.    

8.3.4 Competitor analysis 
KEMA’s business models rely minimal on other players or suppliers in the market. However, KEMA’s EV 
business is to some extent dependent on value chain actors like OEM’s and end users who among others 
have to produce and purchase enough EV to keep the market alive. Employees with their networks and 
relationships are the most valuable part of KEMA’s business model. This has to be nourished and 
invested in. As most shareholders of KEMA, visualized in table 7, are electricity related companies they 
probably will support a transition towards a further electrification of the mobility sector since it can 
increase their market share. No resistance should be expected here.  

Shares Shareholders of N.V. KEMA 

31,0 % Eneco B.V. 
25,3 % Essent Nederland B.V. 
24,9 %  Alliander N.V. 
10,0 % E.ON Benelux N.V. 
7,6 %  DELTA N.V. 
0,5 %  NRE Holding N.V. 
0,3 % Cogas Infra en Beheer B.V. 
0,2 % N.V. RENDO  
0,2 % N.V. Holding Westland Infra 

 Table 7 Shareholder of N.V. KEMA                   Source: (KEMA, 2011) 
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KEMA’s competitors including their pros and cons are visualized in table 8.  

Strategic consultancy ICT/ Business consultancy 
Have high level contacts but often lack technical 
insights.  

These parties often act as intermediaries between 
energy industry (suppliers, traders, distribution) 
and end users hereby facilitating services like data 
collection, data mining, new service development, 
and supply/demand steering. KEMA has limited 
experience in this sector compared to its 
competitors mentioned above and to ones below. 

McKinsey Accenture                   
Boston Consulting Group  Capgemini                        

Roland Berger                   Logica                          
PricewaterhouseCoopers IBM                                     

Policy advise Technical Consultancy 
Competitors have in-depth knowledge on energy 
market but from a research perspective. 

Competitors have knowledge of the energy sector 
and technical know-how. The portfolio 
diversification and global presence is not 
comparable to KEMA.  

 TNO SGS 
 ECN  Ecofys  

 CE Delft  Builddesk  

Engineering  In company 
Competitors have technical know-how, but lack of 
business knowledge.  
 

 

 
DHV 

Large electricity suppliers, OEM and DSO’s have 
their own in-house skills and competencies in 
departments like research, engineering, 
innovation, etc. Part of the work to be conducted 
by KEMA could be done by these departments, 
making them both potential clients and 
competitors of KEMA. 

 Deerns   
Cauberg-Huygen OEM 

Research & Engineering divisions of suppliers RWE / Essent 

Table 8 Competitor analysis KEMA                  Source: (KEMA internal document, 2010) 
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8.4 Business opportunities  
Since KEMA’s existing as well as new clients are confronted with a new market with its own businesses 
and challenges their needs and demands for services also change. These new needs and demands, 
visualized in table 6 in the previous paragraph, offer opportunities to expand or create new business 
throughout the EV’ value chain. These two different opportunities will be successively discussed based 
on internal as well as external interviews and the literature.  

A general comment that was heard during the internal as well as external interviews concerns the 
marketing and exposure of KEMA. Since EV appear to be a global trend exposure has to be propagated 
internationally. Being originated by all the regional electricity companies to test transformers, the safety 
of domestic appliances as a result of many fatal accidents, and promote electricity to the Dutch 
residents KEMA build a solid, reliable, and independent brand since 1927. KEMA’s name in the Benelux 
relies to a large extent on the KEMA-KEUR for electric appliances and within the global electricity world 
because of their unique independent lab facilities. This importance for the Dutch in general and the 
international electricity market specifically can be more expressed to the outside world (interview 1).   

Active marketing can therefore broaden KEMA’s market position since especially new customer 
segments like OEM, end users, or market entrants can become better aware and better informed 
regarding the relevant and specific customized competences, high quality experiences, and 
multidisciplinary skills. A relative easy step in better exposure is to become a participant or increase 
participation in the several Dutch organizations and platforms like D-incert, Formule E-team, and E-laad. 
Other marketing tools can include newsletters, brochures, lectures and seminars, articles in industry 
journals, and demonstration projects.         

Using the Miller-Heiman diagram from figure 37, which KEMA frequently uses to map their businesses, it 
becomes clear that the largest margins can be achieved through technical consulting and strategic 
advice. These business offers can be found on level 3 and higher. Level 1 focuses primarily on price 
which can come from new and smaller entrants offering cheaper alternative services and products 
which are difficult for KEMA to compete with. On level 5 on the other hand the market is very small and 
internal capacity is often lacking. Combined this leads to an internal focus on levels 2 to 4.  
 
 
 
 
 
 
 
 

 
 
 

 

Figure 37 Miller-Heiman diagram 
Source: KEMA internal document  
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Besides the financial opportunities KEMA can also encounter some internal as well as external risks by 
entering this rather new EV market. KEMA’s external risks are based on developments in the EV market 
which means they have to be closely monitored. Organizational flexibility on the other hand will be the 
main risk coming from KEMA internally. The entire KEMA organization has to flexible enough to adapt to 
changing, emerging and new market demands. Both are visualized in table 9 and table 10 respectively.   

KEMA internal risks and possible solutions: 
Conflicting interests with current businesses Spin-off separate EV unit 
Insufficient internal capacity to fulfill market demands Resource management  
Lacking internal knowledge if a specific, to KEMA 
unknown path, will be chosen or becomes dominant  

Consortia or acquisition of knowledge  
 

No existing business model fit with new market Business model innovation 
Table 9 KEMA’s internal risk and possible solutions 

KEMA external risks and possible solutions: 

Failing projects or consortia partners Accurate selection and interim evaluations  
Lower tariff competitors Focus on quality and niches 
New competitors (automotive consultants, ICT, 
payment services) to KEMA 

Consortia or acquisition of knowledge 

Government policy is varying/unreliable making the 
necessary subsidies/initiatives for projects to fall  

Design a business model that is from the 
beginning independent from subsidies 

Market does not become sufficiently large and remains 
a niche 

Spread investments depending on market 
size, across internal technologies, and focus 
on niches 

Table 10 KEMA's external risks and possible solutions 

8.4.1 Expanding business opportunities 
Since recycling and 2nd life of EV batteries is expected to become very important for the EV business case 
it can affect multiple parties like battery manufacturers, OEM, lease agencies, and governments. This 
means that certain (R&D) knowledge can be offered to a heterogeneous and extensive set of customers 
making it an interesting service to further develop.  

Previous ICEV as well as EV related assignments concerning areas like EMC, material assessment, 
temperature development, and environmental impact offer opportunities for further exploitation of 
testing, certification, safety, and performance studies on vehicle and component level. This was also 
confirmed by the respondents (interviews 3, 11 and 15) as they specifically mentioned that KEMA could 
potentially contribute to the field of EMC because it still is a rather undiscovered topic for EV. 

Collaboration with Dekra, previously KEMA Quality, would in this case be beneficial for both parties 
since it broadens the existing customer base and internal knowledge and resources. Furthermore, 
together the entire value chain from electricity generation up to the vehicle can be covered. Dekra has 
extensive testing facilities which even include a special automotive department. However, they cannot 
do consulting on rejected products for independency reasons. KEMA could complete this cycle. The 
same story applies the other way around if KEMA wants to execute for example crash and rescue test on 
land and in the water.  
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Beside the fact that a broader and stronger value proposition can be delivered to customers this way, 
both companies know each other well and bonds are still good improving opportunities for a close 
collaboration. An additional step for KEMA can possibly be the development and sales of product design 
specifications or even standards for the industry based on the tests executed for others.  

An extension of the previous opportunity with Dekra would be the collaboration with Dutch or other 
European authorities that facilitate vehicle approval and homologations.   

Already mentioned above, but managing or setting up (local) demonstration projects with a large fleet 
of vehicles provides besides exposure also information of user profiles during charging and driving. This 
can subsequently be further used during modeling studies for other projects or customers like 
generation and infrastructure related companies.    

Offering generally services higher on the Miller-Heiman diagram, more intensive cross-business line 
collaboration with offices and colleagues from KEMA-United States (US) can increase the number of 
projects and global exposure regarding the possibilities KEMA has to offer on strategic level.   

Although not directly related to EV KEMA has to keep their knowledge also up to date in the for EV more 
peripheral segments like smart grids, energy storage, and renewable energy sources. To some extent 
these technologies can be seen dependent on one another making it interesting for customers to deal 
with companies like KEMA that have in-depth knowledge about the total package hereby covering the 
entire value chain.    

8.4.2 New business opportunities 
This subsection will discuss what new services not yet offered by KEMA can further diversify their 
opportunities and open doors to new customers. Although KEMA-NET initially only wants to focus on a 
part of the value chain that covers the grid, charge infrastructure, and vehicles’ battery more business 
can be developed in the remaining parts of the chain. However, this would generally involve 
collaboration with other external parties.  

An example includes partnering with Roland Berger in an attempt to again increase the number of 
projects higher on the Miller-Heiman diagram. Since Roland Berger is already an important (strategic) 
consultant in the automotive sector and the EV market includes many companies of KEMA’s traditional 
customer segment collaboration between the two parties could be fruitful. Another option would be the 
recruitment of more consultants with a (technical) business administration background and build on the 
strong KEMA brand.  

Since KEMA-NET generally operates in the early development phases of radical technologies, initial 
projects are often to a large extent dependent on government subsidies. A possibility would be to 
specialize and become a leading authority with a strong brand name in applying for (inter) national 
subsidies with or without offering any additional management or consultancy services. This value 
proposition could be used for internal purposes but potentially even more for third parties less familiar 
with these application and proposal writing processes.        
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8.5 New business models for KEMA-NET 
According to Osterwalder & Pigneur (2010) reasons to innovate your business model include creating an 
entirely new market, bringing new technologies, products, and services to an existing market, improving 
disrupting, or transforming an existing market, or satisfying an existing but unanswered market need. 
The business opportunities in the EV market mentioned in the previous paragraph can together result in 
new or traditional KEMA services in new or existing customer segments.  

Although with EV KEMA-NET moves into a new market they can to a large extent rely on existing 
competences and customers. Based on the broadly applicable Ansoff theory (Anderson & Kheam, 1998; 
Tagsko, 2011) and model visualized in figure 38 one should not all by oneself move into a new market 
and deal with new customers at the same time because of the involved risks. Only after the EV market 
reached the take-off or acceleration phase (figure 36) and some experience has been gained KEMA 
should start offering new types of services to new stakeholders. Otherwise it can be too risky unless 
KEMA can collaborate with an experienced partner. Nevertheless, one should note that business model 
innovation is possible without immediately combining new markets with new products.  

 

 

 

 

 

 

 
With the potential new services and customers for KEMA-NET in the field of EV the traditional business 
model based on hourly fees for technical consulting services can be supplemented with new kind of 
business models.  Accordingly, turnover can be realized in proportion to the amount of work, number of 
products or participants, or foreseen responsibilities KEMA takes on in the different business and 
collaboration models.  

Using Osterwalder and Pigneur’s (2010) four epicenters of business model innovation and a strengths, 
weaknesses, opportunities, and threats (SWOT) analysis (annex 4) of NET’s current business model 
(annex 3), twelve new business models were designed. Some include incremental improvements to the 
existing business model hereby expanding the present boundaries to improve competitiveness while 
others are more radical and disruptive. By applying SWOT analyses on the twelve new business models 
it appeared that some have a good fit with KEMA-NET while others, marked italic, are better applicable 
KEMA wide. The twelve models and SWOT analyses are visualized in annex 5 till 28. Ranked according to 
the four epicenters the twelve new business models will be explained successively.     

Figure 38 Ansoff diagram  
Source: (Pilet, 2010) 
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Resource driven:   
1) Seminars/lectures (annex 5); give seminars and teach interested users in groups. These can be free, 
low-cost or fully paid seminars used as lead generators for other consulting work. An employee seminar- 
target could stimulate everyone in participating as well as broadening the network. Another option is 
giving seminars at places like conferences not organized by KEMA themselves. This way costs can be 
lower but the target public harder to control. Nonetheless, most important aspect of this business 
model is the ‘after sales’. During and after these lectures it is important to hear, find, and see the leads. 
Second step is to respond to these leads accordingly.  

For confidentiality reasons some parts of the public version are left out.  

Offer driven:     

Customer driven:    

Finance driven:    

Multiple-epicenters driven:   
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8.6 Conclusion and recommendations 
Since EV are a new market segment for KEMA exposure and manifesting oneself is very important. This 
is something that was also supported by several respondents. After developing the various models and 
the subsequent SWOT analyses the number of business models for KEMA-NET was narrowed down to 
only six. Together with the current business model they are visualized in annex 29. The choice for these 
six models is based on expected exposure, mutual compatibility, the time necessary to implement a 
business model, expected effectiveness, costs, and fit with KEMA-NET and the current market situation.  

Especially exposure and mutual compatibility important since the remaining six models can without 
radical changes be independently implemented next to the current business model and result in 
substantial publicity and brand awareness. Nevertheless, regardless the fact if KEMA pursues the 
ambition to deliver more high value services or become an established party in the EV niche their quality 
and independence remain key. One should furthermore note that some business models require more 
or less internal changes. This includes the organizational flexibility and information flows as well as 
dedicated staff and employees with the right mindset.   

Despite the often small investments budgets and heavily subsidized nature of the current projects in the 
EV niche one has to accept the fact that in the early days of a new technology services, solutions, and 
projects will be experimental and diverse. One cannot be picky in the beginning as it is important to gain 
experience, knowledge and earn a name in the new market or field.  

Using causal reasoning, KEMA-NET’s final choice for one or multiple of these new business models can 
depend on where they in 5-10 years want to stand in the field of EV.  If this is clear internally, 
organizational processes can be adapted and changed towards this targeted position. It is furthermore 
of great importance to keep track of developments but try to steer at the same time towards the 
defined goal or market position. 

With effectual reasoning KEMA-NET can apply one or more new business models and then see what 
comes of it. This can lead to failure but also to additional opportunities that are big and unpredictable. 
Nonetheless, even failure can eventually pay out as it teaches and shapes the company. By effectual 
reasoning KEMA-NET can utilize and leverage their resources where they know a lot about, they are 
experienced in, and they can be distinctive in. All within the limits of a predefined affordable loss. 
Furthermore, KEMA can in any case work with other parties that can contribute to a potential success, 
reduce and / or eliminate uncertainties, and can uncover opportunities.   

As NET is a relative small department within KEMA and operating in promising technological fields a 
choice for effectual reasoning can have its advantages. Losses and risks can be kept manageable and if a 
certain model pays off it can be spread to other departments. Even more, other (new) actors in the 
same field are faced with similar entrepreneurial challenges the new technology brings about which 
probably fit effectual reasoning better. Especially as new radical technologies often do not have any 
history and unpredictable figures of market growth and size.        
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9. Conclusion   
This final chapter summarizes all the conclusions of previous chapters while at the same time answering 
the (sub) research questions formulated in the introduction. By combining the EV niche, the company 
KEMA, and the theories of the Multi Level Perspective, Strategic Niche Management, and business 
models an interesting and interrelated package was put together.  

The MLP clearly distinguishes and structures the three levels of landscape, regime, and niche 
developments and defines them by obvious and sharp boundaries. These are subsequently addressed by 
research question 1a, b, and c respectively. Within the boundaries of the MLP business models are used 
on the regime as well as on the niche level. The company KEMA is also active on both levels. SNM on his 
part focuses primarily on niche developments hereby answering sub-research question 1c in more 
detail.  

1. Which trends / developments in the field of electric vehicles can be expected? 
a. Which dynamics and developments are relevant for the automobile sector and the electric vehicle 

niche? 

Climate change, increasing oil prices, and security of supply are the most important developments that 
result in an increasing global pressure on the fossil fuel based car regime. Currently no signs indicate a 
substantial change in the nearby future. As a result of these growing pressures interest in alternatives 
like electric, hydrogen, and biofuel transportation is aroused. These niche technologies have the 
potential to (partially) replace the existing regime technology of ICE.   

b. How is the automobile sector structured?    

The different elements like the rules, actors, and socio-technical system of the fossil fuel based car 
together constitute the regime level of the MLP. Because of inter-group communication, dependence on 
and coordination of these rules, actors and socio-technical system developments occur in specific 
directions hereby becoming blind to, and forgetting others. The dominance and lock-in of fossil fuel 
vehicles is consequently not only a reason of economics or being better, more predictable, or easily 
changed. The different practices, rules and lifestyles have herein a large contribution. Furthermore, 
incumbent companies often have sunk investments in machines, skills and knowledge making it difficult 
to switch to generally competence destroying breakthroughs like EV. 

OEM, oil companies, and users are the main regime actors that face the creation of internal tensions as 
a result from the increasing pressure and dynamics from the landscape. With maybe the exceptions of 
Toyota and Honda most OEM initially started to invest slowly and modestly in technologies like electric, 
hydrogen, biofuel, and natural gas vehicles. Especially compared to investments made in the incumbent 
ICE technology they are minimal. By now most of the regime actors like the OEM and oil related 
companies are slowly beginning to recognize that developments in the EV niche are going quickly and 
that changes to their way of thinking and our transportation system are inevitable.  
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As a result of earlier investments in alternatives several aspects from the different niches seeped 
through into the regime where they were applied as an add-on technology or component. This so called 
‘sailing ship effect’ resulted in start-stop systems, regenerative braking, and hybrid vehicles in an 
attempt to especially improve the ICE fuel economy and with this its environmental impact on the 
ongoing climate changes. Where some OEM put all their hope on one niche technology others are 
investing in multiple alternatives. Real evidence that OEM, except from the French maybe, are altering 
their product line is minimal, however. It is to a large extent still window-dressing. Main business models 
in the automobile industry are based on full payment, payment by installments, or leasing contracts.   

Oil companies started to pay attention and invest in fuel cell technology developments so that they can 
remain the future energy supplier of the transport sector by offering a hydrogen infrastructure. The 
same developments were visible in the different biofuel and gas niches. A fast decrease in oil demand is 
not likely as it will take considerable time, if it even is going to happen, before the 8 million Dutch fossil 
fuel vehicles will be replaced by EV. Nevertheless, one should note that oil companies also supply their 
products to electricity producers. Since it is expected that a shift to EV at first will not be completely 
covered by renewable energy sources it will result in an increase of fossil fuel produced electricity. A 
decrease in fuel demand is in the EU in any case likely through reduced mobility as a result of ageing and 
more fuel efficient engines. However, this is compensated by the emerging markets in India and China. 
Business models of the oil industry are mainly full payment at purchase or monthly paid fuel cards.    

All together the regime interactions and developments reproduce and stabilize the fossil fuel based car 
regime through institutional arrangements, formal regulations and infrastructures. Even more, through 
the sunk costs and vested interests incremental innovations are preferred over radical ones making it 
harder to replace or abandon the current regime. Nevertheless, if any changes to the present fossil fuel 
regime persevere it will take time, effort, and adaptation throughout society, institutions, and 
industries.     

c. What are the characteristics and developments in the various electric vehicle related fields in the 
Netherlands? 

By applying the SNM theory on the field of EV we can conclude that the different factors, developments, 
motives, influences and actors are rather complex, have an impact on the entire value chain, and 
together are still not able to compete with the regime technology as a result of continued technical 
progress. Market penetration, growth and size are still unclear and heavily divided among experts. 
However, R&D throughout the involved industries, awareness, expectations, and public attention are 
becoming more serious than ever before and an increasing electrification of the vehicles’ power trains 
seems to be the trend.  

Solutions need to be found to make EV as maneuverable and safe as ICEV. This is mainly the result of the 
heavy and potentially dangerous batteries in combination with the lighter and compacter motor. 
Especially the first EV on the market, the converted ICEV from new market players, are confronted with 
these problems since the batteries cannot be optimally divided through the entire vehicle. From scratch 
designed EV have less problems with these issues but require generally a longer time to market.  
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As a result of these new entrants most OEM are by now developing EV or at least a HEV and are so far 
surviving next to the newly founded and emerging EV (re)builders. Nevertheless, these new companies 
are still ahead compared to what the different OEM offer. Note that this is what they currently offer, not 
what they can offer and build. Main advantages EV have over ICEV include fuel costs, noise, comfort, 
and zero direct pollution. This can directly improve livability in urban areas, something where big cities 
are aware of since they are making regulations to stimulate zero pollution vehicles by all kind of 
measures and incentives.  

The impact of EV on the environment is usually less harmful compared to ICEV but heavily dependent on 
the electricity’s fuel mix, time of the day when the battery is recharged, and future developments in the 
generation and distribution sectors. The well-to-wheel efficiency of EV is higher compared to ICEV which 
means that CO2 emissions are lower as well. This is even further stimulated through a cap on the CO2 
emissions during electricity generation. However, for the time being no special cap is put on the 
transportation sector itself.     

Price, weight, recharge times and lifetime of the batteries still form the bottleneck of EV. In addition, 2nd 
life applications and recyclability of the batteries are important for the EV business case. Conductive low 
or high power recharging of the batteries are expected to get initially the overhand since inductive 
recharging is so far too expensive and not fully developed yet. For longer distances when the EV’ range 
is insufficient it seems that high power recharging or battery swapping offer the solution. This latter one 
does require additional standards in batteries and vehicles, however.  

As Dutch corporation E-laad provides and installs a recharger for the first 8000 owners of a sold or 
leased EV the chicken-egg problem seems to be solved in the Netherlands. Investments in the 
infrastructure are heavily dependent on the choice for G2V, V2G, or smart grids. So far only more and 
thicker cables are put into the ground as the ‘smart’ grid is still far removed from reality. Nevertheless, a 
certain number of EV can be connected to the grid without any drastic changes to the energy structure. 
Furthermore, changes in spatial planning are required to provide the necessary recharge poles and 
sockets.   

Two different user groups can be identified; private and professional. For both groups fuel efficiency 
would be the primary reason to purchase an EV. Other demands and expectations vary, however. 
Purchase price will especially for private persons remain the determining factor. The higher purchase 
price is currently still through a large extent determined by the vehicles’ battery. The lower operational 
costs on the other hand are expected to make TCO more important. As a result multiple business 
models have already been developed to overcome the higher purchase prices as well as to charge for 
the public electricity costs during recharging. Other factors that influence the users include range 
anxiety and safety. This can to a large extent be overcome through education, niche introductions and 
trust from other users or consumer organizations. Expectations are that it will not be difficult to 
convince the early adaptors to purchase an EV. The real challenge lies in the early and late majority of 
the users. Image can for example be a problem as some groups still see EV as mature golf carts.  
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It became furthermore obvious that criticism on EV is often based on short term results whereas the 
potential benefits are only going to visible over 20 years and more when renewable energy sources have 
gained a larger market share. This increase in renewables generally will require some kind of buffer 
capacity to maximize output, level off fluctuations and separate supply from demand. EV in combination 
with a ‘smarter’ grid can offer a solution to this potential problem. Focus of the entire industry and 
governments should therefore be on at least 2030 if not 2050 and the results established so far have to 
be judged in this perspective.  

Summarizing the dynamics and developments that influence the EV niche we should note that as long as 
EV link up with global cultural visions and values about a cleaner and greener world, expectations, 
legitimation and protection will continue to exist. As a result expectations have become more specific 
throughout the last couple of years. Nonetheless, government vision, influence and incentives will be as 
important to market introduction as technological, economical and marketing factors. Education of the 
different user groups is an important aspect herein as one has to know what the final transition goal is. 
The supporting network around the EV technology is broad and includes almost all relevant actors 
hereby sufficiently facilitating alignment and interaction throughout the EV’ value chain.   

2. Which strategy recommendations and possible business model adjustments in the electric vehicle 
niche can be made for KEMA-NET?  

a. What is the current position of KEMA in the various electric vehicle niches in the Netherlands and 
Germany? 

Although the first EV project was already launched in 1993, KEMA’s involvement in the field got a boost 
from the by the government in 2007 launched ITM project. Since then their customer segments spread 
to other government levels like the IEA, EU, provinces and cities, OEM, automotive industries, newly 
emerged SME, DSO’s, electricity producers and suppliers, and end users. Nevertheless, the most 
important services KEMA delivers to their customers cover only a small part of the value chain and 
include technical advice, roadmaps, business case analysis, market studies, and test results related to 
EV, batteries, rechargers, safety, and most importantly the grid. KEMA offices in the Netherlands, 
Germany, and the United States are compared to other offices the most involved in the EV business. 
However, their working range is often limited to the country the office is situated in.   

b. What are KEMA’s main business models in the field of electric vehicles? 

KEMA’s offices in the United States have developed a standard offer around EV which can be divided in 
three components that can be offered independently from each other. In Germany, attention goes out 
to filling the gap between the EV, ICT, and the grid. Their business model goes across business lines and 
is based on hourly fees. In the Netherlands so far no specific business model is developed. It is generally 
also based on hourly fees. However, models are being developed to sell one value propositions to 
multiple clients with rather the same demand.   
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c. How to generate or innovate business models? 

Mapping a companies’ status quo business model is the foremost step. Including all important 
components this graphic overview is the starting point for the generation and innovation process. In 
addition, the companies’ external environment and forces have to be clearly understood to judge and 
evaluate opportunities, trends and changes that can be essential for adapting the future business 
model. SWOT analysis of the status quo business model as well as detailed ones of its individual 
components can subsequently pinpoint mismatches but also disclose chances and present upcoming 
trajectories. By constantly questioning and reflecting what new or adjustments to the current business 
model would mean, possibilities are brought up which can lead to a more sustainable and competitive 
market position. However, this will take considerable time and effort, especially since one should not 
immediately adopt the first ‘solution’ that comes to light.     

d. What kind of problems and market demands can be distinguished in the field of electric vehicles? 

The complexity of and around EV bring stakeholders risk and uncertainties. Demands often include risk 
mapping and calculation, clarity and understanding about batteries, recharging, grid impact, and safety. 
However, also demand exists for the development of new strategic business units (e-mobility), new 
products (tariffs, business models & services), and conditions for registration and accounting of charging 
processes in an attempt to increase market share, turnover and profit, and customer retention and 
satisfaction.  

Furthermore, because EV involve the interaction of the electricity industry and the transportation 
industry there have been early opportunities simply in educating stakeholders in each industry about 
the other.  This is unique to EV. For other emerging technologies like electricity storage and demand 
response technologies EV offer the potential to provide services to the grid. Therefore, in addition to 
simply being a new load, EV have an opportunity to parallel new technologies coming to the grid.  

e. In which areas of the electric vehicle niches where KEMA-NET is already active can they expand or 
continue their current business practices?  

Recycling and 2nd life of batteries is expected to be very important for the EV business case since it can 
affect multiple parties like battery manufacturers, OEMs, lease agencies, and governments.  

Previous ICEV as well as EV related assignments concerning areas like EMC, material assessment, 
temperature development, and environmental impact offer opportunities for further exploitation of 
testing, certification, safety, and performance studies on vehicle and component level.  

Collaboration with Dekra, previously KEMA Quality, would in this case be beneficial for both parties 
since it broadens the existing customer base and internal knowledge and resources. Furthermore, 
together the entire value chain from electricity generation up to the vehicle can be covered. Dekra has 
extensive testing facilities which even include a special automotive department. However, they cannot 
do consulting on rejected products for independency reasons. KEMA could complete this cycle.  
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Managing or setting up (local) demonstration projects with a large fleet of vehicles provides besides 
exposure also information of user profiles during charging and driving. This can subsequently be further 
used during modeling studies for other projects or customers like generation and infrastructure related 
companies.    

Offering generally services higher on the Miller-Heiman diagram more intensive cross-business line 
collaboration with offices and colleagues from KEMA-United States (US) could improve the number of 
projects and global exposure regarding the possibilities KEMA has to offer on strategic level.   

f. Which new areas in the electric vehicle niches can provide new business opportunities for KEMA-
NET? 

Although KEMA-NET initially only wants to focus on a part of the value chain that covers the grid, charge 
infrastructure, and vehicles’ battery more business can be developed in the remaining parts of the 
chain. However, this would generally involve collaboration with other external parties. Especially with 
parties that are already active higher on the Miller-Heiman diagram and/or have more experience in the 
automotive sector. When this is combined with KEMA’s traditional customer segment, which is to a 
large extent active in the EV market, collaboration between such parties could be fruitful.  

Since KEMA-NET generally operates in radical technologies still in their initial development phases, 
projects are often to a large extent dependent on government subsidies. A possibility would be to 
specialize and become a leading authority with a strong brand name in applying for (inter) national 
subsidies with or without offering any additional management or consultancy services. This value 
proposition could be used for internal purposes but potentially even more for third parties less familiar 
with these application and proposal writing processes.        

g. How could possible new business models for the electric vehicle niche look like? 

Active marketing can broaden KEMA’s market position since especially new customer segments like 
OEMs, end users, or market entrants can become better aware and better informed regarding the 
relevant and specific customized competences, high quality experiences, and multidisciplinary skills 
KEMA has to offer. Marketing tools can include participation in (national) corporations, newsletters, 
brochures, lectures and seminars, articles in industry journals, and demonstration projects.         

The choice for six new business models is therefore based on expected additional exposure, mutual 
compatibility, the time necessary to implement it, expected effectiveness, costs, and fit with NET and 
the current market situation. Especially the first two are important since the remaining six models can 
without radical changes be independently implemented next to the current one and result in substantial 
publicity and brand awareness.  
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10.      Limitations and recommendations 
The main purpose of this research has been to map the EV developments currently going on in the 
Netherlands and derive from this, business opportunities for KEMA’s departments NET. One of the 
limitations of the SNM theory, used to analyze the EV niche, is its focus on companies individually. In this 
research an attempt was made to add business model theories to fill this gap.    

Combining the theories of the Multi Level Perspective, Strategic Niche Management, and business 
models certainly added value. Especially, since they together proved to be a powerful tool for a detailed 
analysis of recent and ongoing developments in and around the EV industry. The book Business Model 
Generation turned out to be a very helpful instrument to better understand, visualize, and innovate the 
different company internal processes. It was also remarkable to see how the business model theory and 
book were an eye-opener and triggered internal discussion about the possibilities to do things 
differently. All companies, regardless their business or financial position can and possibly should 
constantly challenge and question their business model(s) to keep up to date and attractive for the 
market(s).   

Whereas this thesis was the first attempt to see if these three theories could be combined future 
progress absolutely can be made. It would be interesting to see if Strategic Niche Management can be 
further improved by incorporating business models, or of course the other way around. Other 
interesting suggestions would be to see how a similar study would look like for other (developing) 
countries or incumbent parties from the automobile industry. Is exposure in all (sustainable) niche 
technologies important or is it limited to new entrants only? What function could HEV fulfill in the 
transition process?         

On the whole, the EV niche is rather complex which is supported by the fact that it is a merger between 
the incumbent automobile and new electricity industry. As KEMA is part of the latter group, many 
benefits could be gained through marketing and exposure related business models. It should however 
be noted that this qualitative research has been primarily concentrated on the field of EV and KEMA-
NET. This makes any generalization to other (sustainable) niche technologies, which generally not 
originate from a merger, or companies limited and based on assumptions only. Other limitations can be 
found in the relative short list of interviewees per group (figure 1 + appendix 1) and the personal 
interpretation of the information resulting from these interviews.   

Furthermore, the results of this research can unfortunately not be generalized for EV developments in 
Germany as input of the different sources was limited. Only one interview was arranged in Germany 
mainly because of time and distance difficulties. More internal and external interviews in Germany have 
to be conducted to be able to make a comparison with the Dutch situation.  
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