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ABSTRACT 

This research study establishes the most likely scenarios for which plug-in hybrid 

passenger vehicles will be used as company cars within the European Union by 2035.  

Due to increasing oil costs and environmental unpopularity of the normal diesel or petrol 

engine car, it is expected that the electric car will eventually take over.  However, electric 

cars still have major challenges to overcome with limited mileage range between charging 

intervals and sparsely located charge points from which to recharge the car battery.  For 

this reason, the plug-in hybrids, which have both electric and petrol/diesel power options, 

have the potential to begin replacing the normal combustion engine car while providing 

some of the cost and environmental benefits of the electric car not yet sufficiently 

developed. 

Using the Delphi method and the expert knowledge of stakeholders in the automotive and 

company car fleet sectors; this study has obtained their privileged viewpoints on various 

future scenarios for plug-in hybrids.  These viewpoints, following some statistical 

analysis, were shared anonymously among an expert panel to facilitate further discussion.  

The results were then reviewed and used to create an interview guide in order to carry out 

semi-structured interviews with fifteen ‘subject matter experts’.  Interview transcripts 

were subject to thematic analysis from which themes were derived and final scenarios 

concluded the future of plug-in hybrid cars in the European company car fleet.  Results 

indicated a mixed model of passenger cars power chains by 2035, with plug-in hybrids in 

a declining market.  Fully electric cars dominate, with a minority, but growing share of 

the market, going to hydrogen vehicles.  Cars powered by hydrogen fuel cells will 

eventually disrupt the entire European car market in the 2040s, as hydrogen gas becomes 

more efficiently produced. 

Understanding the potential for plug-in hybrid technology as the next market innovation 

disrupter in the car industry and developing a methodology from which to research this, 

makes an important theoretical contribution to research on emerging car technologies.  It 

also fulfils the current knowledge gap that exists regarding diffusion of this technology 

platform in the automotive and financial leasing markets.  It provides valuable direction 

to passenger car fleet providers and car manufacturers alike, as they struggle with new 

technology innovations in the automotive sector and with investment strategies required 

to make the proposed transition to electric vehicles. 
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GLOSSARY OF TERMS 

 

Battery electric vehicle: A car where the normal combustion engine is replaced by 

a battery and electric motor. 

Charge point: Access socket for electricity to plug in an electric car. 

Charge station: Places where car drivers can stop to recharge the car 

battery. 

Charging infrastructure: The network of charge stations available within a region 

or state. 

Delphi method: The Delphi method is a structured communication 

technique or method, originally developed as a 

systematic, interactive forecasting method which relies 

on a panel of experts.  The experts answer questionnaires 

in two or more rounds.  After each round, a facilitator or 

change agent provides an anonymised summary of the 

experts' forecasts from the previous round as well as the 

reasons they provided for their judgments.  Thus, experts 

are encouraged to revise their earlier answers in light of 

the replies of other members of their panel.  It is believed 

that during this process the range of the answers will 

decrease, and the group will converge towards the 

"correct" answer. 

Dissent analysis: Analysis of differing opinions using various methods in 

which to find the most likely future scenarios. 

Diffusion rates: How quickly cars are sold into the marketplace. 

Drive Chain: The machine element that transmits the power of a motor 

or the like via sprockets to the wheels of a vehicle. 

Electric vehicle: A car powered by an electric motor. 

Emissions: Gases released during the combustion process. 

Greenhouse gases: Those gases in the atmosphere which trap heat on the 

earth’s surface limiting the escape of the reflected heat 

from the sun. 
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Hybrid Electric Vehicle: A car with two sources of power available to the drive 

chain with no possibility to connect to an external 

electrical outlet. 

Internal combustion 

engine: 

A type of engine that is used for most vehicles in which 

the fuel is burned within engine cylinders to produce 

motion. 

OEM: Original Equipment Manufacturer 

Private sector fleet: The fleet of cars owned by the part of a country's 

economic system that is run by individuals and 

companies, rather than the government. 

Plug-in electric vehicles: Electric vehicles with a motor and battery which requires 

charging from an external power source. 

Plug-in hybrid electric 

vehicles: 

Cars with a combustion engine and electric motor that 

can be connected to an electrical power outlet for 

additional mileage range. 

Scenario planning: Process of visualizing what future conditions or events 

are possible, what their consequences or effects would be 

like, and how to respond to, or benefit from, them. 

Subject matter experts: A panel of individuals who have specialist knowledge of 

their chosen subject. 

Vehicle to grid: An energy system that allows excess electrical energy in 

a vehicle battery to be transferred to the electricity 

network. 

Total cost of ownership: All costs associated with owning and driving a vehicle. 

Well-to-Wheel: A chain that describes the energy system which extends 

from the source of the primary resource (e.g. Crude oil) 

to the end point of use (e.g. car or lorry). 

Wireless power transfer: Where electrical energy is transmitted from source to 

point of use without the need for power lines or cables. 
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ABBREVIATIONS 

 

BEV   - Battery electric vehicle 

BIK  - Benefit in kind 

CO2  - Carbon Dioxide, a greenhouse gas 

EV   - Electric vehicle 

EU   - European Union 

FCEV  - Fuel cell electric vehicle 

FCV  - Fuel cell vehicle 

GHG   - Greenhouse gases 

HEV   - Hybrid electric vehicle 

ICE   - Internal combustion engine 

LCV  - Light commercial vehicle 

LEZs  - Low emission zones 

MHEV - Mild hybrid electric vehicle 

NOx  - Nitrogen oxides, polluting gases 

PHEV  - Plug-in hybrid electric vehicle 

RE  - Renewable energy 

SMR  - Steam methane reforming 

SuME   - Subject matter expert 

SUV  - Sports utility vehicle 

TCO   - Total cost of ownership 

TT   - Technological transitions 

V2G   - Vehicle to grid 

W2W   - Well-to-Wheel 

WPT   - Wireless power transfer 
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1.0 Introduction 

In the past number of years, particularly in the last decade, there has been much discussion 

in international media and business circles about electric and hybrid cars.  Much of this 

discussion has been against the background of climate change and what actions industry 

and nation states should take to turn the tables on global temperature rises and saving 

future generations from predicted associated catastrophic climatic events.  Green-house 

gases are the main reason identified for planet temperature increases and CO2 is the main 

gas contributing to Green-house gases (Guan et al., 2009). 

Since combustion engine cars burn carbon fuels, they create CO2 and that has led to 

enlisting the car manufacturers to help reduce the amounts of CO2 being produced each 

year.  However, combustion engine cars produce not only CO2 but also nitrogen oxide 

gases (NOx) which are closely associated with air pollution and human health issues (Dey 

et al., 2018).  This coupled with the CO2 issue has focused the minds of climate action 

and public health groups to lobby governments to legislate and force the car industry, and 

in particular the diesel engine industry to change and become more environmentally 

friendly.  In turn, car users for both private and company cars are also beginning to put 

consumer pressure on the car companies to produce low or zero emission cars (Tietge et 

al., 2015).  The theories of innovation diffusion, adoption and product disruption are 

discussed and applied later but this consumer pressure may be the problem instigator to 

drive the necessary plug-in hybrid innovation required to achieve product adoption and 

diffusion in the automotive marketplace. 

In the context of the automotive industry, plug-in hybrid cars are bridging a time and 

technology gap between the normal diesel or petrol cars and fully electric cars.  While 

there have been an increasing number of research studies completed on forecasting the 

adoption of EVs into society, such as Zimmermann et al. (2012), Warth et al. (2013), 

Melander et al. (2019), there, however, has not been any research completed on the use 

of plug-in hybrid electric vehicles (PHEVs) for company car use - which is the knowledge 

gap that this study aims to fulfil.  The studies completed so far, refer to electric cars in 

general and do not address company passenger cars or the individual drive chain families, 

namely those of ‘hybrid’ and plug-in hybrid types, as well as fuel cell and battery electric 

cars, all of which can be regarding as electric vehicles. 

Currently the battery electric car has the key disadvantages of limited distance which it 

can travel and a sparse network of charging points from where to charge its battery, its 
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only source of power.  On the other side are diesel or petrol cars that could be nearing the 

end of their life cycle, due to the ever increasing and restrictive governmental pollution 

controls that are increasing the cost of driving them, especially in urban areas (Hooftman 

et al., 2018). 

The plug-in hybrid electric car has the advantages of having both a battery powered motor 

and a diesel or petrol fuel engine on board.  The hybrid can select power from either, 

typically going electric in urban areas and switching to fuel for longer inter-city distances.  

This ability to switch between power options affords minimum use of fuel and avoidance 

of costly urban pollution fees for the driver in an increasing number of European cities.  

However, the PHEV also has challenges to overcome in order to maximise its successful 

integration into the car market.  These challenges lie in the continued successful 

developments of battery and charging network technologies as well as the continued 

program of ever tighter pollution controls being pursued by most governments. 

Governments are also providing incentive programs to promote low emission cars with a 

view to reducing pollution and green-house gases which are emitted by combustion 

engine cars (Sikes et al., 2010; Cavallaro et al., 2018).  Other technologies including 

battery electric vehicles (BEVs) and hydrogen cars also need to be considered along with 

non-plug-in hybrid cars as potential replacement technologies in the future.  Even the 

potential for reduced requirement for cars could also be a possibility with potential growth 

in car sharing concepts.  If the automotive world is slowly moving towards electric 

vehicles of some kind, it also means there is need for increased electricity supply (Green 

et al., 2011).  Some concerns regarding potential supply constraints to support such a 

move need to be considered and whether that supply could be an environmentally ‘clean’ 

renewable energy source or purchased on a flexible international electricity network 

(Newbery et al., 2018).  Understanding and researching these challenges have been the 

objectives of this study which lead to addressing the aim of the research, which is to 

identify the future scenarios for PHEVs in company car private sector organisations 

within the European Union. 

 

1.1 Rationale for this Study 

The motivation for completing this study comes from the opportunity to provide more 

accurate insights and updated contributions to the theoretical and practical aspects of 

product innovation and adoption in the automotive and vehicle leasing sectors.  In 
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particular, the research concentrates on plug-in hybrid passenger vehicles, which have 

been ignored by researchers, and uses that example to apply product disruption theory 

and deliver future scenarios, from which these same sectors can develop their business 

strategies for the coming decades.  As outlined in the introduction above, PHEVs have 

the potential to fill a gap in the market, but a comprehensive understanding of ‘how’ and 

‘when’ this might happen (the knowledge gap) is not available to the stakeholders 

involved. 

Therefore, the purpose of this study is to answer the following research question: ‘What 

future do plug-in hybrid passenger vehicles have in the European Union (EU) private 

sector fleet?’ 

The aim of the research is to develop forecast scenarios for PHEVs in the EU private 

sector using the Delphi method.  To support this aim and answer the research question, 

the following research objectives need to be achieved: 

• Identify if battery technology will meet car fleet stakeholder expectations regarding 

mileage range and recharge time by 2035. 

• Establish if alternative technologies such as fuel cell and diesel drive chains will 

replace BEV/PHEV by 2035. 

• Identify if charging networks will be sufficient to meet car fleet stakeholder 

expectations in the EU by 2035. 

• Identify if sufficient renewable energy will be available to support the car fleet 

charging infrastructure in the EU by 2035. 

• Establish what legislative urban bans and financial incentives favouring PHEVs will 

still be available in the EU by 2035. 

• Establish the levels of car sharing in the general driver population but also in company 

car fleet by 2035 in the EU. 

In order to achieve this research aim and objectives, a research strategy was developed. 

 

1.2 Research Strategy 

The research strategy is to create scenarios supporting the research aim and objectives. 

This is achieved in four parts. 
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The first part of the research study establishes a solid grounding in ‘open’ and ‘closed’ 

innovation theory, product disruption and adoption theory by completing a literature 

review, examining, and comparing other technology product introductions to the global 

marketplace.  Understanding the theory behind their journey to market helps to compare, 

and contrast, what path PHEVs might take.  The literature review also examines the key 

drivers affecting the electric car and automotive industry, from environmental concerns 

and available technology to the socio-economic and political reasons that instigate 

government legislation.  Finally, the literature review outlines the various research 

methods used to implement similar studies in an effort, to identify a suitable methodology.  

The literature synthesis organises a summary of the key outputs which can be used as 

inputs to the implementation of the chosen methodology. 

The second part of the research strategy is the methodology used to achieve the research 

objectives which is based on the Delphi method.  Using the expert knowledge of 

stakeholders in the automotive and company car fleet sectors; this study obtains their 

privileged viewpoints on various future scenarios for PHEVs.  For this exploratory 

research, the inputs to the Delphi main study are taken from the theory and literature 

reviewed with outputs from the scenario-based research used to establish new material to 

fill the knowledge gap identified in the literature.  A small pilot study is also undertaken 

to align the theory and literature inputs and validate the main study. 

Operating remotely and anonymously from each other, the panel of ‘subject matter 

experts’ provide expert opinion to the rest of the panel via email to the researcher.  This 

phenomenological methodology is based on a mixed method analysis of scenarios 

developed using the Delphi technique, where a group of subject matter experts provide 

anonymous opinion and views on key research themes initially derived from the literature 

review and synthesis of the research literature.  The subject matter experts or respondents 

are given collective anonymous feedback from their first round of answers and asked the 

same questions again in subsequent rounds to see if their answers change and begin to 

form a consensus on certain subjects.  This is known as the Delphi method. 

The final stage of the methodology makes use of all the data gathered so far to form an 

interview guide for semi-structured interviews carried out with the ‘subject matter 

experts’.  The outcomes from these interviews, following thematic analysis, form an 

integral part of the overall research leading to the development of the final scenarios. 
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The third part of the strategy following the implemented methodology examines the 

results, with a view to providing scenarios for each of the research objectives.  Scenarios 

are created from each of the final outputs produced by the methodology, known as 

‘themes’ and each scenario then, suggests a possible future state for that theme.  The 

themes are then connected back with their relevant research objective and scenarios are 

forecast for the year 2035.  A final combined scenario addresses the research aim and 

answers the research question. 

Before conclusions are drawn about the future of PHEVs in the European company car 

fleet, the fourth and final part of the strategy is completed.  This includes an outline of 

the contributions to theory and existing research, recommendations for practice, 

limitations of this study and the future research topics that may further help the 

stakeholders in this research area. 

 

1.3 Contribution to Theory and Practice 

This research is important since it helps companies with passenger car fleets to potentially 

avoid significant additional costs in the future.  Company car costs are among the highest 

category costs for a private company and currently there is no guidance available 

regarding PHEVs which may be the most effective option available to such organisations 

over the next ten to fifteen years.  The car industry also benefits from this research as the 

supplier to this sector, they continue to struggle with investment strategy in technology 

innovations associated with new drive chains, specifically with vehicle electrification.  

Some car manufacturers have ignored electrification and strengthened their commitment 

to diesel development for example, while others are trying to embrace a total 

electrification model and are considering bypassing the PHEV stage completely. 

The contribution to knowledge and theory comes from identification, alignment and 

adjustment of research with the correct innovation theory and further development of 

existing methodology that is appropriate for this research study.  Understanding whether 

PHEV technology can be considered an innovation platform disrupter in the automotive 

industry is both a theoretical and practical knowledge contribution.  Will PHEV be 

adopted into the marketplace as a replacement technology to the normal internal 

combustion engine (ICE), or if it should be a co-existing drive chain?  Or as suggested, 

are PHEVs just the bridging technology between ICE and battery electric vehicles (BEVs) 

and will BEVs then disrupt PHEVs during their market diffusion?  This research suggests 
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a scenario of coexistence, where both drive chains share the market along with older 

retiring and newer emerging drive chains. 

 

1.4 Structure of the Thesis 

Since the PHEV research area is relatively new and now very topical as well, there is a 

sense that a great number of studies are currently under way.  There are many industry 

reports being produced and this explains the number of footnotes in the literature review, 

since most topics have not got to the formal research stage yet.  It also explains the higher 

number of very recent EV related literature references, many from 2018 and 2019.  

However, following a literature review and synthesis completed in Chapter Two and 

when engaging the literature regarding various methodologies used, it is evident that none 

of the researchers have created or adapted any study that addresses PHEVs or even EVs 

comprehensively.  Hence why this thesis has extended the literature review to include a 

literature methodology discussing scenario planning research methods in Chapter Two. 

Chapter Three outlines the methodology used for this study which includes the Delphi 

method and semi-structured interviews.  The results of the Delphi study are detailed in 

Chapter Four as well as the thematic analysis of the interview transcripts, which are used 

to create the 2035 forecast scenarios, fulfilling the research objectives. 

Finally, to address the research aim, a combined future scenario is described in detail, 

which also answers the research question.  The fifth chapter discusses the contributions 

made to theory and existing research.  Recommendations for practice, together with the 

limitations of this study, are outlined next and this final chapter ends with suggestions for 

future research and conclusion drawn from this research.  References and appendices 

complete this thesis. 
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2.0  Literature Review 

When we think about cars, we associate petrol or diesel engines with the average car on 

the road.  These are ‘internal combustion engine’ (ICE) cars.  However, there are a 

minority of other cars which are either fully or partly powered by electric means.  These 

‘electric vehicles’ (EVs) are referred to as either ‘battery electric vehicles’ (BEVs) if only 

powered by electric means or ‘hybrid electric vehicles’ (HEVs) if only partly powered by 

electric means. 

BEVs must be plugged into an electric outlet to charge the battery; if the battery has no 

charge the car cannot operate.  HEVs have no option to plug them in because power comes 

from a petrol or diesel engine, and also from an on-board battery which charges from the 

downhill and de-acceleration energy generated through an electric motor / generator.  To 

extend the electric only operation of the HEVs mainly for urban areas, a plug-in option 

was added which became known as a ‘Plug-in hybrid electric vehicle’ (PHEV). 

With the different types of cars briefly described above, this chapter will now outline the 

history and evolvement of each car technology in Section 2.1.  Innovation adoption and 

the theoretical aspects of how technologies evolve and disrupt each other are covered in 

Section 2.2, which leads to the ‘key drivers’ being critically discussed in Section 2.3.  In 

Section 2.4 the relevant methodologies are addressed.  Synthesis of the literature is then 

covered in section 2.5, before outlining the basic theory in Section 2.6 and finally the 

research question in Section 2.7. 

 

2.1 Introduction to Literature Review 

In order to address the research question ‘What future do plug-in hybrid passenger 

vehicles have in the EU private sector fleet?’ it is imperative to understand the 

background to the hybrid car story from its first beginnings through the journey and where 

it stands today. 

The first Hybrid Electric Vehicle (HEV) was produced by Dr Ferdinand Porsche in 1894, 

while various car makers were experimenting with the idea all throughout the early 1900s, 

(Chan, 2007).  Thereafter, interest in hybrid and electric vehicles (EVs) dwindled away 

as the internal combustion engine (ICE) became more and more effective and efficient, 

eventually becoming the dominant paradigm (Junquera et al., 2016; Schot et al., 1994). 
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It was not until the 1970s when the Arab embargo posed a threat to the supply of oil that 

car manufacturers began to re-consider HEVs again (Egbue, 2012).  This led eventually 

to the first commercialised car in 1997, the Toyota Prius, which was initially built and 

sold in Japan.  Some Prius models were later converted into plug-in versions but the first 

commercialised plug-in HEVs (PHEV) began to roll down the production line in 2008 

with the Chinese BYD F3DM being the first mass produced PHEV.  This was followed 

by both the Chevy Volt in the USA and the Opel Ampera in Europe in 2010, (Berthold, 

2014). 

With respect to scenario planning for EVs, including BEVs, HEVs or PHEVs, much of 

the literature has been concerned with the development of battery technology and the 

expansion of the charging infrastructure.  Both topics can be seen as the constraints to 

rapid development of EVs, (Egbue, 2012).  As to why EVs were developed, while 

originally driven by the potential risk to oil supply, there has also been a slow shift to 

addressing environmental concerns with cars contributing to pollution and greenhouse 

gases (GHG).  

Increasing interest in predicting EV market penetration began in the late 1990s, but in 

particular from 2005 onwards.  Many predictions have shown to be conservative, 

underestimating the progress and numbers of BEVs, HEVs and PHEVs available on the 

market and on our roads by 2015 - 2020.  For example, some research papers predicted 

there would be few commercialised PHEVs before 2020 including, Nemry and Brons 

(2010); Berthold (2014) and Sedef (2015).  Yet, there were many PHEVs already on the 

road by 2019 like the Audi's A3 e-tron, VW Golf GTE, Volvo V60 twin engine, BMW 

i3 REX, Mercedes Benz C 350 e, Volvo XC90 T8 to name but a few.  In fact, most car 

manufacturers have one or more PHEVs inserted somewhere within their range of models 

and companies such as Mercedes and Volvo have PHEV versions of all their range. 

While scenario planning techniques have been developing for over a hundred years by 

many individuals and company contributions outlined by Bradfield et al. (2005), only a 

limited number of these techniques have been used in the methodologies to predict EVs 

growth scenarios. 

There continues to be a considerable effort to forecast the BEV, HEV and PHEV market 

with the publishing of up-to-date review papers, making use of complex modelling to 

predict the next stage in the market (Al-Alawi and Bradley, 2013).  In this paper the 

research acknowledges the higher price of the EV / HEV / PHEVs but also on the other 
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hand the increased efficiency, lower running costs and increasing political pressure to 

drive lower carbon emissions when predicting diffusion rates in the automotive 

marketplace. 

There has also been research done on technological transitions (TT) which looked at how 

technology evolved and how users and practices have changed with that technology 

advancement (Geels, 2002).  Some of this work on TT has been applied together using 

the Delphi method in an effort to predict the future of EVs (Warth et al., 2013).  This 

research drew from a panel of 140 experts across 15 stakeholder groups in Germany and 

looked at multi-stakeholder scenarios for EVs out to 2030.  Interestingly, this 

methodology and scenario planning was only applied to battery electric vehicles (also 

known as BEVs) which are only one subset of the EV family.  This research could also 

have been applied to PHEVs, another subset of the EV family. 

 

2.2 Theory on Technology Innovation, Product Disruption, Adoption and Diffusion 

PHEVs are a new technology currently being considered by the automotive marketplace 

(Sperling, D., 2018).  New technology makes its way to market in many ways.  It fills or 

creates a gap in the market through customer need or desire (French et al., 2016).  Most 

technology products replace older technology by offering some new innovation with 

more capability, functionality or more appealing design, giving it desirability but usually 

at an additional cost.  According to Rogers (2010), the rate of product adoption and market 

diffusion will be determined by level of innovation delivered, the communication 

channels used to inform the potential customer, the timing of the product introduction and 

the social systems in existence. 

All of these factors can be seen in the many technology product advances over the past 

few decades.  EVs and PHEVs have yet to make this journey, but a good example of 

multiple technology advances is the television set (TV).  This history of TV development, 

transitioning from cathode ray tube (CRT) to flat screen, may be the journey the car is 

about to take in transitioning from ICE to PHEV/EV.  The TV initially was conceived 

using vacuum valves in conjunction with a CRT to produce a black and white or 

monochrome picture.  The first advancement was replacing the old valves with 

transistors.  Transistors allowed the images to change at a faster speed, improving the 

picture quality and eventually leading to further advancements in the CRT to produce 

colour TV (Kauffman and Techatassanasoontorn, 2005).  Two decades later and the CRT 



10 
 

itself was replaced by a plasma phosphorus screen allowing a much larger picture and 

taking up less space in the living room.  Shortly afterwards liquid crystal display (LCD) 

technology came on the market followed by light emitting diode (LED) displays taking 

us to the present day. 

Clearly each of these advancements were significantly innovative but the communication 

channel was directly to the consumer using mainly television itself as the medium.  TV 

development is a perfect example that demonstrates a shortening product technology life 

cycle, from monochrome to colour to plasma taking twenty years or more and LCD onto 

LED taking no more than five years.  Peres et al. (2010) researched this reducing life 

cycle and outlined the shorter cycle times as technology products advance.  To finalise 

the product adoption theory that Rogers (2010) describes, indeed the ‘social system’ has 

played a very important part in TV development as well.  The lifestyle and where the 

customers live, in an urban or rural setting, will affect their awareness or desired 

willingness to purchase new technology when it becomes available (Chandrasekaran and 

Tellis, 2008).  The condition of their health or economic circumstances will affect their 

ability to afford a higher priced technology which in some circumstances may push 

consumers over their normal economic limit by their new product desire (Kauffman and 

Techatassanasoontorn, 2005).  This can explain why some households will go into debt 

in order to have the latest technology such as large screen TVs.  This of course is not too 

dissimilar to having the latest car model. 

To reconnect the innovation journey of the TV with the car, it seems that a major 

steppingstone like moving from CRT to flat screen technology may be a similar step the 

car is now making from ICE to PHEV/EV.  However, the multi-stage technology 

development of TV continues and perhaps this is how the PHEV/EV will develop also.  

Now that the TV viewing screen is considerable larger, designers turn their attention to 

functionality and the introduction of SMART TVs capable of accessing the internet.  Each 

time something new is added to disrupt the current product and introduce an enhanced 

version.  Product life cycles and disruption will be discussed later. 

To get a better understanding of innovation and product adoption and how products can 

disrupt and defuse within a market, it is important to get an understanding of how the 

process of innovation and product and service development has changed over recent 

decades.  While some industrial sectors, like information technology, have pushed the 

boundaries of product and software development, other industrial and service businesses 

have maintained more conservative advancement and especially, those in the heavy 
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engineering sectors.  However, development in this area has been gradual and various 

innovation models have been adopted by different firms in different sectors of business.   

The get an overview of how evolvement has taken place, Rothwell (1994) describes a 

progressive development of innovation which has increased in complexity from 

generation to generation.  Each new generation integrates the functionality of the prior 

generation and adds new capability and knowledge to form the next.  As new innovations 

emerge, new areas of concern and limitation are addressed and opportunities exploited 

(Ortt and van der Duin, 2008).  The generational development turns into a framework of 

models which has been best described by Chesbrough (2003) and is outlined in Table 2.1.  

As the table shows, there are progressive generations of innovation development leading 

to what Chesbrough (2003) describes as ‘open innovation’.  Organisations can naturally 

adopt one or more models on the list and in any potential combination.  It is whatever the 

leaders of that firm decide is suitable and best fits their organisation and business model.  

Any model can exist side-by-side and any element or aspect of another model can be 

migrated into the exist set of models (O'Raghallaigh et al., 2011). 

Table 2.1 – Innovation Framework Models 
Model Generation Characteristic Strengths Weaknesses 

Technology 
Push 

First Simple linear sequential 
process, emphasis on 
R&D and science 

Simple 
Radical innovation 

Lack of feedbacks 
No market attention 
No networked interactions 
No technological 
instruments 

Market Pull Second Simple linear sequential 
process, emphasis on 
marketing, the market is 
the source of new ideas for 
R&D 

Simple 
Incremental 
innovation 

Lack of feedbacks 
No technology research 
No networked interactions 
No technological 
instruments 

Coupling Third Recognizing interaction 
between different elements 
and feedback loops 
between them, emphasis 
on integrating R&D and 
marketing 

Simple 
Radical and 
incremental 
innovation 
Feedbacks between 
phases 

No networked interactions 
yet 
No technological 
instruments 

Interactive Fourth Combination of push and 
pull models, integration 
within firm, emphasis on 
external linkages 

Actor networking 
Parallel phases 

Complexity increment of 
reliability 
No technological 
instruments 

Network Fifth Emphasis on knowledge 
accumulation and external 
linkages, systems 
integration and extensive 
networking 

Pervasive innovation 
Use of sophisticated 
technological 
instruments 
Networking to pursue 
innovation 

Complexity increment of 
reliability 

Open Sixth Internal and external ideas 
as well as internal and 
external paths to market 
can be combined to 
advance the development 
of new technologies 

Real collaboration 
with ‘outsiders’; 
spreading risk 
possible; higher 
probability of 
success. 

Assumes capacity 
and willingness to 
collaborate and 
network 
Risks of external 
collaboration 
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The first-generation is called a ‘Technology Push’ model and is a simple linear and 

sequential process, where the firm’s research and development department pushes a 

product or service onto the market.  This is a straight-forward process, where a solution 

to a requirement is developed in isolation with no feedback from any other internal or 

external stakeholders.  The marketing department and hence, the customer has no say. 

The second-generation model operates on a ‘Pull’ signal from the marketplace.  Again a 

simple linear sequential operation but this time ignoring the scientific and engineering 

skill sets within the business, which in turn need to adapt their processes to accommodate 

the request.  The Push and Pull models operate independently of each other as shown on 

separate process lines in Figure 2.1. 

Figure 2.1 First and Second Generation Models 

 

 
  Source: Rothwell (1994) 

The third generational model promotes ‘Coupling’ of the first two models.  This step 

addresses some of the limitations in prior generations and allows for interaction between 

the research and development function and the marketing department.  The feedback 

loops that now exist between these two vital functions is no longer a linear relationship 

and innovative ideas can flow back and forth promoting better outcomes for the firm.  As 

a result, other functions within the firm are involved by either or both functions and the 

interaction envelope expands further (Figure 2.2).  However, there is still no 

communication with external networks which may enhance innovation still further. 

Figure 2.2 Third Generation Coupling Model 

Source: Rothwell (1994) 
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Combining the ‘Push’ and ‘Pull’ models, the fourth generation employs an ‘interactive’ 

model that significantly increases inter-company communication regarding innovation, 

injecting cross functional synergies which overlap many product groupings.  The other 

additional improvement that this interactive model contributes is an opening of a wider 

communications network, which for the first time extends outside the company.  This 

time suppliers, customers, public and government agencies, as well as education 

institutions, are encompassed within the innovation envelope.  Communication is 

accomplished using basic system level tools to integrate first degree automation using 

computer networking, which nowadays has mostly replaced by the internet. 

The network is expanded further in the fifth model, adding competitors to the interactive 

envelope of transactional knowledge sharing.  All the external inputs now begin to 

identify with the relevant primary contact functions within the firm as shown on Figure 

2.3. ‘Reflecting a systems thinking approach, the dominant characteristics are the 

integration of organisations internal innovation ecosystem and practices with external 

factors in the National Innovation Environment’ (du Preez and Louw, 2008).  Another 

key enhancement that the network model includes is the opening of automated 

transactional business operations to external partners.  This improves business operational 

efficiency and shortens the product time to market, with better communication 

interchange and use of information and communications technology (ICT). 

Figure 2.3 Fifth Generation Network Model 

  Source: du Preez and Louw (2008) 

Shared strategy with a limited number of external organisations is also made possible in 

the fifth-generation model.  Best practice can be shared even with competitors in some 

sectors and with all parties when it comes to ethical functions like health and safety and 

so on (Eleveens, C., 2010). 

The final model is ‘Open Innovation’.  This sixth generation reflects the most 

collaborative model, where ideas are communicated not only from inside the company to 

external parties and vice versa, but external parties can act independently on behalf of the 
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original organisation, which own the intellectual property (IP).  This could be a situation 

of a subcontractor or even competitor company, who is licenced to produce products but 

they do not own the IP for them.  In the other direction, it may be the company owning 

the IP deciding to restrict it, taking manufacturing in-house, in an insourcing or vertical 

integration move, perhaps to preserve jobs or consolidate core skills (Figure 2.4). 

Figure 2.4 Open Innovation Model 

  Source: du Preez and Louw (2008) 

Either way, open innovation represents a paradigm shift, where innovation is possible 

outside of the normal and expected confines of the firm’s organisational structure.  The 

research and development department, that once provided the innovation, and together 

with other internal departments which previously disrupted and diffused their product 

into market, can now avail of their partner organisation to complete this task for them, if 

required. 

They can also share in the successes of their partner organisation by operating in the 

opposite direction and ultimately being the benefactor of external innovation, sharing in 

the product design and becoming the manufacturing arm or just distributor of their 

product.  This outbound open innovation provides both parties with the option of choosing 

who is best positioned to support the product venture and carry it through to 

commercialisation. 

The open innovation, be it inbound or outbound or a mixture of both, is outlined by Enkel 

et al. (2009).  Their paper identifies three core processes that can be differentiated in open 

innovation: 

(1) The outside-in process: which involves enhancing and extending an enterprise’s own 

knowledge base through the integration of suppliers, customers, and external knowledge 

sourcing. 
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(2) The inside-out process: which refers to securing commercial/revenue benefits by 

bringing ideas to market faster than internal development via licensing IP and/or 

multiplying technology, joint ventures, and spin-offs. 

(3) The coupled process: which combines co-creation with partners through alliances, 

cooperation, and reciprocal joint ventures with the outside-in process (to gain external 

knowledge) and the inside-out process (to bring ideas to market). 

The six innovation models provide a good framework from which to oversee the 

innovation story in recent years.  Many organisations may have followed this exact 

generational path and equally, many will have paused at various stages along the way.  

The degree and extent to which companies have accidently or deliberately adopted this 

framework of generational innovation models, may coincide with the business sector in 

which they operate (Cormican and O’ Sullivan, 2004). 

As mentioned earlier, some of the information technology companies, for example, are 

more likely to have transversed the entire six generations, arriving at an open innovation 

model before many others business types.  On the other hand, sectors which prefer to 

maintain control of all aspects of the business, not risking the quality of their product or 

their company reputation in front of its customers, may prefer not to subcontract 

manufacture.  Others, may subcontract but consider competitive advantage in their know 

how and carefully keep secret their IP. 

When comparing innovation framework models with the automotive sector, it is more 

aligned with a ‘closed’ model.  Open innovation may suit the IT and other ‘soft’ 

technology sectors, but automotive companies have generally not shared innovation ideas 

and are more ‘closed’ in their innovation approach.  This is evident even when 

considering the design and shape of a new prototype car.  The car companies will try to 

disguise the shape of the car using special camouflage paint during the required public 

road tests usually some months before a product launch (unveiling) to the market. 

Therefore, innovation in the car industry identifies more with the work of E.M Rogers, 

mentioned at the beginning of this section, whether dealing with product adoption and 

diffusion (Rogers, 2003) or the innovation process (Rogers, 2010).   
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2.2.1 Innovation 

‘An innovation is an idea, practice, or object that is perceived as new by an individual or 

other unit of adoption.  It matters little, so far as human behaviour is concerned, whether 

or not the idea is objectively new as measured by the lapse of time since its first use or 

discovery.  The perceived newness of the idea for the individual determines his or her 

reaction to it.  If the idea seems new to the individual, it is an innovation.  Newness in an 

innovation need not just involve new knowledge.  Someone may have known about an 

innovation for some time but not yet developed a favourable or unfavourable attitude 

towards it, nor have adopted or rejected it.  “Newness” of an innovation may be 

expressed in terms of knowledge, persuasion, or a decision to adopt.’ (Rogers, 2010). 

This description of innovation overlaps nicely with the story of the PHEV.  PHEV is 

perceived as new by the customer or car user, even though, more than a hundred years 

has lapsed since it was first invented.  Someone did know about this idea all those years 

ago, but it has only been truly developed in the last few years as an innovation of the 21st 

century.  No matter how one defines it, innovation and product adoption and how products 

can disrupt and defuse within a market has been a research area of great interest for many 

years.  There is a wide range of literature available such as Rothwell, (1994); Chesbrough 

(2003); Ortt and van der Duin, (2008) and Kotesmir and Meissner, (2013), already 

discussed in the last section.  Each study with varying scope and complexity and 

improvements on the other. 

Rogers, however, has continued with comprehensive contributions to theory and research 

on this subject for many years and has one of the widest scopes, providing clear and 

identifiable reasoning for its development.  Rogers (2010) examined the ‘innovation 

development process’.  This theory explores the process in six steps: 

1. Recognising the ‘Problem’ or ‘Need’ 

2. Basic Applied Research 

3. Development 

4. Commercialisation 

5. Diffusion and Adoption 

6. Consequences 

The first step is the ‘Need’ for a product.  Like there was a need to provide pictures for 

the radio messages with TV or the need to provide telephone connections remotely, 

without fixed telephone line hence, the invention of the mobile phone.  There was a need, 
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so ‘research’ (the second step) was completed, followed by the third step being 

‘development’ of a usable wireless telephone for example.  Once workable prototypes 

were established, then came ‘commercialisation’. 

The large electronics companies behind the first mobile phones like Motorola, OKI, 

Ericsson, Nokia, etc., wanted to see a return on their investment in research and 

development.  Like electric cars today need charging stations, the mobile phones also 

need signal transmission infrastructure for relaying remote calls.  So, these new service 

industries of the 1990s depended on public and private investment in mobile phone 

transmission towers to be built throughout the coverage area.  Again, similarities to the 

electric car industry and the charging infrastructure challenges it faces now.  Therefore 

‘diffusion and adoption’ is the fifth step in Rogers (2010) innovation process. 

The similarities with the EV sector continue as the wealthier western nations of Europe 

and North America are the first to provide investment in infrastructure, providing signal 

coverage to mobile phone consumers.  The adoption factors of innovation, 

communications channels, time, and social systems, as discussed already, come into play.  

The mobile phone integration process begins with making the large cumbersome handset 

smaller and lighter to carry, so innovation continues.  All media channels are used to 

communicate the competitive product advantages and continuous disruption of the 

current product in favour of latest one.  The timing of each new replacement phone 

product is carefully planned to maximise competitive advantage and revenue (French et 

al., 2016).  Strangely the newer product is still fulfilling the same basic customer 

requirement but improves some desirable aspects to support the next technology platform 

(Sood and Tellis, 2011).  The social systems described already are distinctive by country 

with the economic conditions both at government and street level determining the rate of 

mobile adoption.  This continues today as emerging markets for mobile phone integration 

continue to change (Kalba, K., 2008). 

The final step in Rogers (2010) innovation development process are the ‘consequences’ 

of a new product or technology.  This is the effect on the consumer population and the 

resulting changes that are brought about in making the consumer think differently now 

that a product, such as a mobile phone, is a major part of their life.  Again, we have not 

got that far with EVs or PHEVs, but mobile phones have changed how users operate day 

to day and have changed the way they live their lives, particularly with instant access to 

the internet and its applications. 
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2.2.2 Product Disruption 

When examining the theory associated with product adoption and market diffusion it is 

important to understand how the existing technology or product already in the market are 

affected.  Understanding the new product introduction timing and disruption cycles helps 

define the diffusion rates of new product innovations.  In a paper by French et al. (2016), 

the theory of product disruption is discussed.  They carry out a study of five technology 

product categories across eighty-six countries, one of which is the transition from fixed 

line telephones to mobile phones.  They describe the product life cycle in terms of product 

‘turning points’: 

- Take-off  

- Peak 

- Dive 

- Landing   

Continuing to use mobile phones as the example, it is easy to see these product ‘turning 

points’.  Since the early 1990s mobile phones have been evolving, some of the companies 

that brought the first mobiles to market no longer exist or have left that industry behind 

when they could no longer compete.  One example is the Swedish communications 

company ‘Ericsson’ who helped develop the mobile phone and, in particular, the 

infrastructure behind mobile communications.  Ericsson did not see what Apple and 

Samsung saw as the future of hand-held devices.  Ericsson, Nokia and other early adopters 

instead believed that the future of this mobile device was in miniaturisation, developing 

integrated electronics to make the phone as small as possible.  Other companies like 

‘Blackberry’ took a more practical approach and saw it as a business tool where email 

could be remotely accessed.  However, even Blackberry technology was disrupted by 

touchscreen technology which quickly became combined with larger screen phones to 

become ‘SMART’ phones. 

All of these phone companies lost out to the SMART phone inventors of Apple and 

Samsung to name just two of a long list of companies that exist now.  Apple and Samsung 

are the current technology platforms and can be regarded as the key disrupters of the 

mobile phone industry.  Technology platform disrupters as described by Sampere (2016) 

are the technology providers that create a basis from which many products can exist.  

Therefore, if the SMART phone is the technology platform then the SMART phone was 

the platform disrupter of the original Ericsson or Nokia miniaturised mobile phone.  So 
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too was Blackberry as they also envisaged the mobile as more than just a phone.  The 

new mobile phone platform now has many products marketed on it with a number of new 

companies jumping on this successful technology platform ‘bandwagon’. 

Most of these products are product disrupters.  Take the Apple iPhone as an example, the 

iPhone 8 already begun its product ‘take-off’ when the iPhone 7 was still selling.  Sales 

of both products continued until customers began to switch to buying the new ‘8’ and the 

‘7’ peaked and began to ‘dive’.  While sales of the ‘8’ continued to increase the ‘7’ 

continued to ‘dive’ or experience reduced sales until it arrived at the final ‘landing’ phase 

and sales stopped.  Meanwhile, the iPhone 8 continued increased sales until the next 

disrupter product, the (iPhone X) forced it to ‘peak’ and go into the ‘dive’ phase.  This 

cycle of product disruption continues as phone companies battle to have the latest more 

advanced and desirable phone on the market. 

Applying this theoretical innovation adoption and market diffusion knowledge using the 

practical examples of TV and mobile phone to the EV industry is still a difficult task for 

three main reasons.  First, because it is not confirmed which phase of the technology 

product life cycle EVs or PHEVs are in or if ‘take-off’ has even begun.  Secondly, EVs 

are not a new technology and are over a hundred years old.  Finally EVs, unlike the mobile 

phone, TV or general technology innovations, do not do anything significantly new for 

its customer. 

An EV is still a car that goes from the beginning to the end of a journey under the driver’s 

control.  It more or less looks the same, has the same functionality or cabin accessories 

are not significantly different from any other car be it petrol, diesel, etc., However, what 

is clear is that there are many barriers to EV and PHEV adoption. 

 

2.2.3 Adoption and Diffusion 

Naor et al. (2015) examined the barriers to ‘diffusion of environmentally friendly 

innovations’, a study carried out using data collected from an Israeli environmentally 

friendly innovations company and the French car manufacturer ‘Renault’.  In their 

theoretical framework they outline the functional barrier of usage, risk, and value but also 

the psychological barriers of image and tradition.  These barriers were mapped to 

‘perceived attributes’ for product adoption, a theory devised by Rogers (2003).  Naor et 

al. (2015) also recognised the impact of institutional regulations, government 
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intervention, competition and partnerships as well as society behaviour in their research.  

Using the study completed by Naor et al. (2015) seems like a good way to relate Roger’s 

adoption and diffusion theory to this study of PHEVs. 

Rogers (2003) identified five perceived attributes to product adoption which are: 

- Relative advantage 

- Compatibility 

- Complexity 

- Trialability 

- Observability 

Starting with ‘relative advantage’, which a product must have over its rivals.  Naor et al. 

(2015) mapped that attribute to three of their barriers, namely ‘Usage’, ‘Value’ and 

‘Image’.  Generalising to compare with the EV/PHEV scenario, this would be comparing 

usage or performance to ICEs, the value including the buy price and running costs and 

then the image difference which other drivers, neighbours or friends might think of 

someone driving an EV/PHEV versus a normal ICE.   

The next of Roger’s attributes to consider is ‘compatibility’.  Naor et al. (2015) ties this 

one to barriers of usage or convenience and tradition. Again, for EV/PHEVs, 

consideration needs to be given to usability for the average driver compared to what they 

have been used to.  The ICE driver might not appreciate the time required to wait at a 

charge station or the increased frequency of having to stop to recharge compared to 

refuelling with petrol or diesel.  Then there are the changes in ‘tradition’ associated with 

refuelling which takes only five minutes or so and may be accompanied by a coffee or 

small snack purchased from the fuel service station shop.  Refuelling versus recharging 

will affect how the driver plans for their journey and will most likely change the normal 

traditions associated with their mobility where a car has been used. 

‘Usage’ and knowledge are the barriers Naor et al. (2015) associated with Roger’s next 

two attributes of ‘complexity’ and ‘trialability’.  They also add ‘risk’ to complexity, 

accounting for the fact that electric shock and carriage of large a battery is a new safety 

concern not normally associated with ICEs.  The drivers understanding of how to operate 

a car powered electrically instead of by carbon fuel comes into play here but so far, the 

operating differences and understanding have been very minimal and access to drive 

EV/PHEVs is not restricted in most geographies. 
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The final attribute is ‘observability’.  This time Naor et al. (2015) examine the barriers of 

‘social risk’ and ‘image’ along with ‘usage’ and knowledge again.  Here the concern is 

more to do with transferability of knowledge and understanding of this new technology 

to the ICE user, so the ICE driver has the opportunity to observe the differences between 

driving electric or fuel. 

Having examined the theory behind innovation (Rogers, 2010), rate of adoption (Rogers, 

2003) and diffusion of disruptive technology products to market (French et al., 2016), it 

raises some questions relating what EV/PHEV technology innovation is actually 

delivering for the consumer.  Have EV/PHEVs really a ‘relative advantage’ over ICEs 

considering the barriers which are not just technological and functional but psychological 

as well and affected by institutional regulations, government intervention, competition 

and other reactions from society?  Are PHEVs a disruptive technology platform or how 

is it going to affect the existing mobility environment?  Of particular interest to this 

research is to try and establish at what stage of the product life cycle PHEV technology 

is at and what rate of diffusion is expected by 2035?  To better position this research, it is 

important to get a comprehensive understanding of the key drivers, so the study can be 

equipped to answer the research question: ‘What future do plug-in hybrid passenger 

vehicles have in the EU private sector fleet?’ 

 

2.3 Key Drivers 

Following on from the technology adoption and diffusion theory, on reviewing the 

literature available on PHEVs and attempting to access the existing knowledge base both 

generally on EVs, and more specifically relating to PHEVs, it seems appropriate to follow 

some key drivers of this industry. 

When examining any predictions for future growth / development, there appear to be two 

approaches: ‘technology’ versus ‘environmental’, the first two key drivers.  While they 

tend to complement each other, they are often dealt with separately by the researcher. 

The technology perspective may address the question, what are the physical challenges 

to making PHEVs viable?  However, the environmental aspects look at PHEVs as part of 

a potential solution to a global problem with regards to pollution and the ‘greenhouse’ 

effect, (Elgowainy et al., 2010).  Elgowainy et al. (2010) reviewed both approaches, they 

have directed more attention towards environmental emissions and how PHEVs could 
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reduce the level of greenhouse gases (GHG), thus potentially improving growth prospects 

for PHEVs. 

To address the remaining drivers, there are the social and economic factors that both the 

car manufacturer and consumer must consider (Carley et al., 2013).  Finally, there are the 

political influences which include legal aspects as well that encompass government 

legislation, direction and influence over all the stakeholders, (Sikes et al., 2010).  So it 

becomes a more familiar analysis more commonly known under the acronym, ‘PESTEL’. 

 

2.3.1 Technological 

From the technology perspective researchers have concentrated predominately on battery 

development and charging infrastructure.  The battery and the charge point are the two 

most important technology enablers to the growth of electric and hybrid cars.  As a result, 

both enablers can also be seen as barriers to the adoption of EVs if technology advances 

are slow or there is insufficient investment (Nie and Ghamami, 2013).  This paper also 

considered the optimal battery size and charging point distribution which help to measure 

the gap that could be filled by hybrids in the automotive market.  The key to battery 

development is improved energy capacity without the corresponding additional weight, 

allowing longer car journeys without recharging. 

There has been some research into an alternative technology called wireless power 

transfer (WPT).  This utilises a smaller battery ‘on-board’ the car while continuously 

being charged from the road, (Limb, 2016).  However, this technology is very expensive 

to install along the roadway, and Limb has estimated at least a thirty-six-year return on 

investment (ROI) which makes advancement of WPT unlikely in the short to medium 

term. 

While we are not likely to see this technology on our roads anytime soon, progress has 

been significant with wireless power transmission distances having increased from just a 

3-5mm to almost 100mm in only two years development, (Li and Mi, 2015).  More likely 

applications for WPT is the stationary charging of EVs in home or office settings. This 

would eliminate the need for a connecting cable from the car to the charger unit on the 

wall.  A charging pad on the ground some 60cm in diameter would replace the cable 

connection allowing the EV to charge once the car is driven and placed over the pad 
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(Karakitsios et al., 2018).  Some EV manufacturers like BMW and Porsche have already 

developed workable prototypes that can provide a full charge in just over four hours. 

On-board replacement technologies are also possibilities such as ‘fuel cell’ drive chains 

which use hydrogen as a pumped fuel together with oxygen extracted from the air to 

generate electricity which in turn powers the car.  Of course, the availability of hydrogen 

fuel is currently not a viable option, but in the future may become more widely available 

should economic energy needs push the development of hydrogen extraction from 

methane natural gas using a process known as ‘steam methane reforming’ (SMR), 

(Stewart, M., 2017). 

 

The possibilities of SMR are also examined by Sørensen et al. (2018) with a view to 

availing of the existing gas exploration and continued extraction which still takes place 

in the north-sea.  The gas source there is a potential supply line for hydrogen production 

making fuel cell cars more plausible at least from a fuel supply perspective.  SMR is not 

a long-term solution to the production of hydrogen, given it is also a fossil fuel which 

eventually will run out in a couple of decades time. 

One example and encouraging sign for the use of fuel cell technology has come for the 

Metropolitan police in London.  In March of 2018, they purchased eleven Toyota Mirai 

fuel cell electric cars1 and aim to pilot them for two years as potential replacement in their 

car fleet that operates in the ‘inner city’ urban areas.  The key advantage is that the fuel 

cell only emits water through the tail pipe of the car cutting down on the pollution 

currently experienced in these areas.  The obvious problem here is where to refuel with 

hydrogen since there is no network of refuelling stations and thus limiting the area the 

police force can cover. 

Before continuing to discuss potential future state technologies it is important to discuss 

the current state, a market that has been dominated by petrol cars but in particular by 

diesel cars for more than a decade.  Is it true to say that ‘diesel is dead’?  Maybe not, 

because in Germany and France the diesel industry has been making a fight back since 

2017.  The financial times2 has reported on this topical subject on many occasions, but 

more significantly in July 2017 the German car sector made a stand and begun to invest 

in cleaning up diesel.  BMW, Daimler, and Volkswagen began retrofitting their diesel 

 
1 https://www.motoringresearch.com/car-news-list/met-police-toyota-mirai-fuel-cell-fleet/ 
2 https://www.ft.com/content/01dc42ec-6c7a-11e7-b9c7-15af748b60d0 
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cars using older engines called ‘euro 4’ and ‘euro 5’ with software updates and particle 

filters to bring them in line with the latest emission targets.  The newest generation ‘euro 

6’ engines already in place in new cars remove 99% of the soot particles, burn 20% less 

fuel and emit 20% less CO2 than the latest petrol cars.3 

The car industry is now claiming that diesel cars are no longer the main polluter in urban 

areas and have regained the advantage over petrol since the Volkswagen emissions 

scandal broke in 2015.  The sector has also suggested that many of the EV charging 

networks are not supplied by renewable ‘green’ electricity.  The EV may not be emitting 

emissions locally but the charge point gets its power often from coal, gas or oil burning 

electricity generating station, pumping CO2 and other pollutants into the atmosphere 

(Elgowainy et al., 2010). 

Many papers have been written on different charging scenarios, but much of the work 

seems to focus on electricity grid capacity and the assumption that BEVs and PHEVs will 

grow in number.  Green et al. (2011) looked at the impacts of driving patterns, charging 

characteristics, charge timing and vehicle penetration on the power grid, suggesting 

models that may be used to manage this challenge effectively into the future.  However, 

they did not consider potential bottle necks caused by political or environmental 

incentives. 

From a German perspective, Gnann et al. (2015) examined the types of charging locations 

from home, work and public charge stations.  They discussed the importance of each 

location type to sustain BEVs or PHEVs and found that it was possible to have an electric 

fleet scenario without a public infrastructure.  Drivers could utilise BEVs and PHEVs 

with just home and work charge stations available.  This was based on the assumption 

that employers are willing to install charge stations, which has not been proven. 

Aghaei et al. (2016); Hu et al. (2016) considered “smart” charging, also acknowledging 

the future challenges of matching BEV / PHEV power requirements with that of the grid.  

They provided analytical techniques to simulate electricity demand to help the power 

distribution network manage the increasing consumption from future EVs.  Hu et al. 

(2016) also predicted that demand for electricity could be partly controlled by price, with 

the highest unit price being charged at peak times of the day.  However, this study is 

assuming that market conditions can prevail which is not proven and currently not the 

 
3 https://www.independent.ie/life/motoring/car-news/diesel-the-fightback-begins-but-is-it-too-late-to-
avert-budget-hike-35614198.html 
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case without government aid, (Peters and Dütschke, 2014; Bjerkan et al., 2016 and 

Kormos, 2016). 

To a much lesser degree, researchers have been concerned with PHEV user requirements 

and how the charging infrastructure charge points need to be distributed to match a 

purposeful journey.  Akbari and Fernando (2016) mapped battery discharge cycles to 

specific routes in Canada.  With this information they built computer simulated journey 

profiles which could potentially aid with planning the correct charging infrastructure to 

match the intended journey.  There is a significant disadvantage of course, that being a 

simulation is needed for all potential journeys. 

Sedef (2015) has echoed the importance of the correct size battery with an appropriate 

journey planned.  Sedef has advocated that journeys should have a planned route which 

incorporate the necessary infrastructure and also take advantage of energy efficient 

charging stations powered by renewable energy sources like the sun, wind, etc.,  The main 

criticism with this idea is the likelihood that local planning laws may prohibit the erection 

of wind turbines or solar panels (even small ones) especially in urban areas on the grounds 

of safety and causing obstruction. 

Retrieving power from the sun to charge vehicles is the key research topic by Bhatti et al. 

(2016).  They showed that solar cells could be used at charge points to reduce the load on 

the grid.  This ‘renewable energy for charging’ concept was also researched by Capasso 

et al. (2017).  They linked it further to supplying electricity back to the grid, i.e. ‘Vehicle 

to grid’ (V2G), when the car was not in use.  This bi-directional use of the charging station 

helps to smooth the natural power fluctuations from the power generation companies, as 

well as lowering the cost to the BEV / PHEV driver when they are compensated for 

returned electricity. 

Berthold (2014) also suggested the potential for BEVs and PHEVs to supply electricity 

back to the grid at peak times of the day while charging for daily requirements at night or 

using renewable energy sources during the day.  More recently, further analysis on the 

future viability of V2G was completed by Du and Ouyang (2017) who looked at a series 

of comparative studies while also applying charging, on-road power management and 

battery degradation mitigation as three control tasks to be considered, yet another 

indicator to ‘fuel’ future BEV/PHEV growth while using energy more effectively and 

saving the environment.  The problem is that none of these studies examined the economic 



26 
 

side of the argument and why any private venture would invest time and financial 

resources in putting an infrastructure in place. 

Battery degradation is a key concern and technological barrier to overcome.  Automotive 

researcher Mark Pecqueur4 has explored efforts to increase the longevity of the battery 

on-board an EV and also proposes an ‘end of life’ use in a stationary environment once 

the battery is no longer usable in the car.  His research suggests that an EV battery can be 

charged and discharged between one thousand and fifteen hundred times before its end 

of life.  That life can be extended depending how the battery is managed.  His research 

indicates that the more often the battery is charged without being fully discharged the 

better its longevity.  For this reason, he suggests that PHEVs will maintain a battery for a 

longer time since it follows this charging pattern.  Pecqueur, contrary to other researchers 

in this field, believes that an EV requires as much maintenance as a normal combustion 

engine because the battery should be accessed at each maintenance interval to have any 

bad cells removed.  This improves the life of the overall battery and is more cost effective 

long term than replacing the entire battery which is the most expensive item in the car. 

Finally, Pecqueur does not see the batteries usefulness end at an ‘end of life’ even when 

it can no longer be used on-board and EV.  This view is supported by Nicolas Schottey, 

Director of the Groupe Renault New Business Energy programme.  Both researchers 

envisage the old car battery being used as part of as electricity storage plant.  Schottey 

explains this in his research paper,5 which is being turned into a reality at Renault with 

the building of two electricity storage plants at Douai and Cléon in France.  If not delayed 

by the COVID-19 pandemic, both plants are planned to open late in 2020 into early 2021 

and will use the old EV batteries from its own battery retrofitting process from its own 

EVs as well as some other partners EV brands.  Perhaps the greater benefit of being able 

to store electricity to release it to the grid when required is the fact that the number of 

batteries requiring recycling from used EVs will be significantly reduced if Renault 

storage plan is successful. 

Continuing the theme of the relationship between EVs and the electricity grid, V2G is the 

gateway to making this happen (Noel et al., 2018).  As mentioned already, Capasso et al. 

(2017) researched some of the energy generation methods which could help power the 

 
4 https://www.fleeteurope.com/en/technology-and-innovation/europe/analysis/truth-about-battery-
degradation 
5 https://media.group.renault.com/global/en-gb/groupe-renault/media/pressreleases/21216357/le-groupe-
renault-lance-advanced-battery-storage-le-plus-grand-dispositif-de-stockage-stationnaire-d 
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EV charge station and supply power to the grid via V2G.  The city of Amsterdam is going 

one step further with its ‘Smart city’ project.6  Started in early 2018, this pilot project 

aims among other objectives to smoothen the peaks and troughs of electricity supply by 

using the V2G network in the city.  Those EV owners will be compensated for the 

electricity they supply and will also be part of the charging network for most cost-efficient 

charging of their cars.  If the pilot is successful it is fully scalable to all urban areas in The 

Netherlands and the researchers on the project predict that The Netherlands will have 

close to one million EVs to network with by 2025. 

Robledo et al. (2018) researched further applications for V2G and their studies showed 

that the fuel cell cars were perfectly suited to supplying energy via V2G while being 

parked up.  The hydrogen stored in the car could be converted to electricity and supplied 

to the power grid when advantageous to do so.  This could be another point of assistance 

for the grid to help solve mismatched energy requirements caused by EVs or any other 

grid connected consumers at peak times of electricity demand (Oldenbroek et al., 2018). 

However, this idea comes with the assumption that it is economic for the hydrogen car 

owner to use the hydrogen in the car for electricity generation purposes and that the cost 

of acquiring the gas and converting it to electricity is at least ‘breakeven’ and ideally 

profitable for the owner.  Currently, this is not the case. 

In Europe and in such countries as the UK, their national grid which supplies electricity 

for the whole country also suggests the potential for a V2G future controlled with a new 

wave of technology development called ‘internet of things’ (IOT).  Using IOT so called 

‘behind the meter’ electricity sources such as renewable wind and sun together with EVs 

could supply power to the grid according to ‘future energy scenarios’, July 2017.7 

Part of this new wave of network management is a technology known as ‘Blockchain’.  It 

is being used to improve the EV charging experience and also for V2G where it exists.  

A paper written by researchers at Engerati Networks 8  explain what blockchain 

technology is capable of, for example, communications with the EV on-board computer 

so the driver is never in danger of having a discharged battery without being within range 

of a charging point in the vicinity of the EV.  Blockchain does the thinking for the driver 

ensuring they are never stranded with a dead battery.  Again, this suggestion from 

 
6 http://www.cityzen-smartcity.eu/ressources/smart-grids/ 
7 http://fes.nationalgrid.com/fes-document/fes-2017/ 
8 https://www.engerati.com/energy-retail/webinars/blockchain/blockchain-ev-charging-how-data-
platforms-make-it-happen 
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Engerati Networks comes with the caveat that a sufficient charging infrastructure exists 

to support software decision making. 

Hua et al. (2018) also researched the use of blockchain technology for a ‘battery swap’ 

network.  Mainly operated in Japan, China and some other countries in Asia, instead of 

waiting to charge the existing on-board battery the service station would merely facilitate 

swapping the existing battery for a fully charged one.  This reduced the waiting time 

compared to charging and is more similar to the time required for petrol or diesel 

refuelling.  Hua et al. (2018) used blockchain software to manage the cars power 

requirements matching the battery discharge rate with the proximity to the battery service 

station network.  Alerts from the car’s computer would use the blockchain status updates 

to keep the driver reminded of electricity status and guide them to the nearest service 

station when needed. 

Of course, if the requirement for recharging could be reduced by the development of some 

kind of ‘super’ battery then the challenges from other drive chains would be over.  

Researchers at Bristol University9 believe they may be close to developing not a battery 

but a capacitor, indeed a ‘supercapacitor’ which could be charged in as little as ten 

minutes.  The current Lithium ion batteries take up to eight hours to fully charge and can 

deliver over 400kms range in ideal conditions.  The remaining issue with the capacitor 

idea is that a fast charge also means a fast discharge even when it’s not switched on.  That 

means that a car would lose its charge in a few days while being just parked at the airport 

for example.  Clearly, this would not be a suitable replacement for the Lithium ion battery 

in cars, however the original application for the ‘supercapacitor’ was in mobile phones.  

Scientists are now working on scaling that up to meet the needs for an EV.  Some key 

investors like Elon Musk at Tesla believe this will be the breakthrough in technology that 

finally makes the EV a success. 

Nevertheless, the existing lithium ion battery technology is continuously being improved 

and has got the EV industry to the stage of being able to launch usable EVs on our roads.  

The limitation on EV mileage range is directly related to the charge capacity of the 

battery.  The capacity is determined by the thickness of the electrodes within the battery 

which are at the limits of manufacturability.  Getting beyond these limitations is the key 

to ‘leap frogging’ Lithium ion technology. 

 
9 https://www.bristol.ac.uk/cabot/news/2018/supercapacitor.html 



29 
 

There are some signs that this could happen by 2022/2025.  ‘Carbon nano flakes’ may be 

the answer.  Chen et al. (2018) have successfully synthesised this material and are able to 

coat the battery electrodes with a very thin layer of this ‘Carbon nano flakes’.  What 

makes this material special is its ability to hold onto a much higher charge density than 

the electrode, allowing the battery to take on a greater charge.  Xia et al. (2018) have 

written a paper on another synthesised material called ‘MXenes’.  Again, this is a very 

thin layer of material capable of holding three times the normal electrode charge.  It is 

also very strong mechanically making it very suitable to the hostile environment of a 

mobile liquid battery.  With such advancements on existing technology they may not be 

a need for a ‘super’ battery or capacitor technology breakthrough.  The EV may have 

sufficient mileage range within the next decade. 

With EVs and PHEVs being driven on our roads in increasing numbers especially since 

2015, some notable issues have transpired regarding climate types and battery discharge.  

Studies carried out by Yuksel et al. (2015) have discovered that colder and hotter climates 

greatly affect the battery performance.  A distinct disadvantage of EVs and the electric 

powered side of a PHEV is their reduced range during freezing or hot weather.  Hot 

weather is a straightforward relationship of using air conditioning to keep the cars cabin 

cool which drains the battery charge faster due to higher electricity usage.  The same can 

be said to a lesser degree with ICEs.  However, the more significant issue occurs during 

freezing weather when again there may be a higher current drain on the battery due to the 

use of the cabin heater, as for an ICE, but unlike an ICE the performance of the main 

power source battery is also degraded by as much as 35%.  For no added value to the car 

user, that means there is 35% of the energy lost purely because the weather is freezing.  

This does not happen for any form of ICE.  Yuksel et al. (2015) goes on to point out that 

regional climate conditions do affect the EV market adoption with fewer EVs being sold 

in the colder and warmer climates of the world. 

It is clear that any predictions for the future of PHEVs, need to plan scenarios for the 

future of both battery development and the expansion of the charging infrastructure. 

Replacement technologies such as WPT seem unlikely to succeed in the short to medium 

term and computer simulated journey profiles will probably not be available for every 

journey plan for a very long time.  The commercial and green agendas are driving future 

technology scenarios to consider how renewable energy will supply charge stations and 

indeed the electricity grid by means of V2G.  This last point is especially important to 

predicting future scenarios if insufficient electricity generating capacity should become a 
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problem.  Therefore, environmental scenarios need to be considered and their potential 

effects on the technological drivers. 

 

2.3.2 Environmental  

An overlap between the technology and the environmental aspects has been researched 

by Lemoine et al. (2008).  They compared electrification technologies with that of 

conventional fuels like diesel, petrol, etc., the cost differentials, technological advantages 

and short-comings, however this research was limited to California. 

There has also been considerable analysis of the ‘Well-to-Wheel’ (W2W) concept which 

has examined the energy use and emissions from primary energy sources, e.g. an oil well 

to PHEV operation, (Elgowainy et al., 2010).  They found that although, emissions from 

the car exhaust pipe may be reduced, the resulting emissions are still released to the 

environment from the power generation plant.  This study does not represent every 

country’s power mix that supplies the grid, globally or even in the EU.  Those countries 

with a large nuclear generation capacity, like France, would perform better in such a 

study. 

More detailed analysis using the Monte Carlo method10 was carried out by Field (2011), 

who measured the total energy consumption and total GHG emissions in grams of carbon 

dioxide equivalent per kilometre.  Noshadravan et al. (2015) also adopted the Monte Carlo 

method with further analysis using Spearman's partial rank correlation coefficient11 to 

access the GHG emissions, comparing ICE and BEV drive chain technologies.  It could 

be said that all these studies do not necessarily represent a decisive overall view of car 

pollution but only show the capability of being able to measure emissions released. 

Meinrenken and Lackner (2015) examined energy loss from source to point of use and 

found GHG emitted to power EVs was not significantly lower than emissions produced 

locally by equivalent ICEs.  Mills and MacGill (2017) provided further support by 

comparing the energy mix in Australia and showed little difference in total GHG released 

between a BEV and a PHEV unless renewable energy was used.  So, unless the electricity 

 
10 The Monte Carlo Method is a technique that can be used to solve a mathematical or statistical problem, 
and a Monte Carlo simulation uses repeated random sampling to determine the properties (Hart and 
Jacobson, 2011) 
11 A nonparametric measure of statistical dependence between the ranking of two variables. 
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grid is fed by renewable energy sources, then GHG benefits to the environment are not 

greatly improved by replacing ICEs with BEVs or PHEVs. 

Future environmental scenarios planning must consider renewable energy possibilities 

and its importance to reducing emissions and providing electricity to the EV and PHEV 

charging infrastructure already discussed in Section 2.3.1.  More and more studies from 

around the world are showing that GHG and environmental pollution will not be 

significantly reduced by the introduction of EVs and PHEVs unless the electricity to 

power them is renewable. 

Newbery et al. (2018) have written about the importance of renewable energy supply in 

Europe and why it should have a dominant share by 2030.  The various regions of Europe 

have all the sources of renewable energy.  Countries in the sunnier climates like Spain 

and Portugal have solar farms, the mountains of Sweden, Norway and Switzerland 

provide hydro-electric and coastal areas of Denmark, UK and Ireland have wind energy 

(Cleary et al., 2016).  These are just a few examples of Europe’s potential to generate 

renewable electricity.  Governments of countries like France and Ireland have recognised 

this and already committed investment of €1bn to having an undersea connector in place 

between their countries before 2030.12  Different renewable energy sources in different 

countries often affected by weather conditions at different times of the year.  The 

assumption here is that adverse weather conditions for generating electricity do not 

transpire at the same time so there is a high likelihood of continued generation if all these 

countries were suppling an international electricity network or grid. 

With electricity interconnectors it would make it possible to share renewable electricity 

all year round and all across Europe.  Newbery et al. (2018) goes on to discuss the 

economics of making this work and the various stages of progress and investment 

required.  Carlini et al. (2019) recently researched how national grid infrastructure needs 

to be designed to incorporate renewable energy sources and the need to interconnect them 

internationally within the EU.  Their paper studies the developing power grids in each 

country and notes the number of renewable energy sources that have been connected from 

wind and solar farms especially but also requests from the EV industry via V2G in the 

last five years.  Carlini et al. (2019) also see that without international interconnectors, 

the EU will not be able to achieve its ‘green’ objectives and provide renewable energy to 

 
12  https://www.irishtimes.com/business/energy-and-resources/eu-to-contribute-530m-to-1bn-irish-
french-power-line-1.4037649 
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every member state even those that have limited capability to generate it themselves.  The 

operation of environmental tax credits cannot work efficiently or at all for some countries 

without an interconnector infrastructure.  There are of course, many good reasons to 

invest in this interconnector infrastructure including the support of EV as discussed above 

but as always intercountry politics and natural barriers provide the challenges for the 

future. 

While the EU has made some efforts to encourage investment in renewable energy it has 

however put far more effort into discouraging the polluter and users of fossil fuels.  The 

EU parliament has continued with introducing legislative bans and applying new carbon 

taxes on polluting cars which has adversely affected diesel cars in particular.  The 

parliament are reacting to research studies such as Dey et al. (2018) who studied diesel 

emissions in Dublin and related it to public health problems and even to population deaths 

in the city.  Diesels engines produce a relatively higher amount of the polluting gases 

known as NOx.  Making diesel more expensive has led to consumers switching mainly 

to petrol engine cars which produce less NOx. 

According to the European Environmental Agency (EEA) and the Association for 

European Car Manufacturers (AECM), the switch to petrol cars has resulted in CO2 levels 

in the EU increasing as of the end of 2017 and reports that the average emissions from 

new cars in 2017 went up by 0.4% to 118.5 g/km in comparison to 2016 representing the 

first annual rise in CO2 since 2010.13  This rise coincides with petrol car growth of 3.6%, 

overtaking diesel sales for the first time since 2009 and the diesel car market share falling 

by 4.9%.  Both the EEA and the AECM consider the rise in CO2 directly linked to the 

switch from diesel to petrol with only a little over 1% choosing EVs instead of diesel. 

CO2 is a greenhouse gas and is the main contributor to climate change and planet warming 

(Guan et al., 2009).  The car market observing this change has reacted by introducing 

diesel PHEVs to the market.  Mercedes Benz was among a number of car manufacturers 

announcing their range of new diesel hybrids at the Geneva motor show 2018, so clearly 

diesel still has a part to play in helping the environment despite the bad press and 

preventative measures taken by the EU. 

With increased taxes on carbon fuels it still does not make EVs a more economical option 

for public transport or taxi companies.  That tipping point has yet to come according to 

 
13 https://www.fleeteurope.com/en/safety/europe/features/petrol-surge-increases-co2-
emissions?a=THA13&t%5B0%5D=ACEA&t%5B1%5D=EEA&curl=1 
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ride hailing provider ‘Uber’ as reported by the BBC on the 19th of January 2019.14  The 

global taxi company has increased its fares in London by fifteen pence per mile in order 

to fund drivers switching to more expensive EVs.  Uber recognizes its environmental 

responsibilities in the city of London and wants to encourage its taxi drivers to go electric 

with the help of a ‘Clean air fee’ which is reported to add forty-five pence to the average 

taxi journey in London.  Part of Ubers costs are related to urban bans.  Protecting the 

environment, implementing urban bans like ‘Low emission zones’ has become the work 

of many city councils in Europe to reduce urban pollution and make the polluter pay. 

This is critical work for the EU central agency responsible for aligning zone strategy 

throughout Europe but it seems that there is no consistency in calculation of fees, structure 

of zones or size of fines.15  For example, Oslo makes the car owner pay according to the 

amount of pollution their car emits with the long-term objective of removing all cars from 

the city centre, whereas London imposes a £10 charge for diesel or petrol cars that do not 

met the euro 4 engine emission standard.  Rome just bans all cars on specific Sundays 

which it calls ‘ecological Sundays’.  

Further research has been done to understand if diesel cars are really the main NOx 

producers in large urban areas.  Degraeuwe et al. (2017) carried out a study of eight 

European cities, comparing NOx levels in the inner areas.  Cities like Paris, with mainly 

diesel cars, were compared with cities mainly with petrol cars like Athens.  Their findings 

show that harmful NOx gases are present if a main traffic artery like a motorway runs 

close to the city centre where diesel is the dominant city car.  Otherwise, it is an improving 

situation with more and more euro 6 cleaner diesels slowly replacing the older ‘dirtier’ 

diesels.  In cities where the petrol car is dominant, the harmful NOx gases are found only 

if heavy duty diesel vehicles are present or manufacturing heavy energy/mining type 

industry is nearby the city.  Either way it shows that NO2 and NOx gases are being 

produced by the older euro 4 & 5 diesel engines from cars and heavier vehicles but is not 

a particularly convincing argument for petrol as the underlying pollution levels are still 

there even if diesel is not the dominant car.  For the EV it spells good news, but it just 

means that European cities do not necessarily have a good reason based on NOx 

generators to ban euro 6 diesels from entering the urban areas.  This is especially the case 

when one considers that diesel produce 20% less CO2 than petrol engines and are 20% 

 
14 BBC News - London Uber fares go up after electric car charge  
https://www.bbc.com/news/technology-46889176 
15 https://www.fleeteurope.com/en/safety//features/one-portal-tracks-all-restrictions-urban-traffic-
europe?a=FJA05&curl=1 
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more efficient when it comes to distance travelled as already mentioned earlier in this 

section. 

Investment in environment strategists at the Dutch Bank ‘ING’ predicts that all cars sold 

in the EU by 2035 could be electric.16  The banks logic is based on emissions regulation 

becoming stricter in Europe, forcing the car companies to produce EVs with longer range 

batteries and reduced charging times that begin to meet customer expectations from 2020 

onwards.  By then an EV charged for 20 minutes should be capable of making a 300km 

journey.  In fact, the Volkswagen ‘ID3’ electric car launched in September of 2020 is 

evidence of this, with a manufacturers range of 540km and comfortably achieves 300km 

of practical driving from a ‘fast charger’ charging station.  With the growing charge point 

network, it will then be possible to charge once again at a public or private charging 

station and continue the trip back home after a meeting or afternoon spent shopping.  

However, this view does seem a little skewed considering that the Netherlands are 

considered the leading country in the EU when it comes to EV charging infrastructure.  

Most countries in the EU and especially those to the east of the region are far behind this 

level of development. 

Indeed, the charge station network is key to EV success as pointed out by ‘Leaseplan’, 

Europe’s largest car financing and leasing provider of company cars.  They have produced 

a white paper in what they call ‘Chargers or EVs, the chicken and egg dilemma’.17  The 

main concept of their research is that proliferation of EVs can be incentivised by 

improving the fast charger network, not just the number of EV chargers.  Their evidence 

comes from studying the Norwegian EV market which is now considered a mature EV 

state.  It finds that fast chargers on the motorway network are increasingly used over the 

slow charger mostly located in urban locations.  This is a different view to most research 

on this topic which promotes increasing the number of urban chargers as the way to 

encourage EV adoption. 

The paper goes on to report that the EU commission recommends having one charge point 

for every ten EVs on the road.  Currently the EU is achieving better than that, with an 

average of five charge points per EV.  This of course has more to do with the poor take 

up of EVs as opposed to over installation of charge points.  There is also a large difference 

between Eastern and Southern Europe compared to Western and Northern Europe.  The 

 
16 Fleet Europe - https://www.fleeteurope.com/en/news/eu-car-market-all-electric-2035 
17 Global fleet, Leaseplan - https://www.globalfleet.com/en/technology-and-
innovation/europe/analysis/chargers-or-evs-chicken-and-egg-dilemma 
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latter group easily achieve the one to ten ratio but Eastern and Southern regions are far 

from achieving this target.  The reason for at least three of these countries is their 

preference to use natural gas instead in the Czech Republic, Hungary and Italy.  There 

are over 2500 fast chargers together with over 5000 ordinary change stations located 

along 76,000 km’s of motorway in the EU.  This may seem like a lot, but the distribution 

is not even since over three quarters of it is only based in four countries - The Netherlands, 

France, Germany and the UK. 

The EU Trade and Environment department describe this uneven development as a 

technology distortion which typical transpires in a wave effect.  First there is Western and 

Northern Europe leading the first wave of technology development with followers Italy, 

Spain and Portugal next.  Finally, there are the EU 13 with Greece which are normally 

last to implement the technology wave.  It is the same with the EV charge station 

infrastructure.  The leading four countries were expected to meet the EU target and 

achieve between 5% and 7% sales of EVs by 2020 but due to the COVID-19 pandemic 

resulting in reduced car sales these percentages are likely to be closer to 10% EV market 

share.  Germany, UK and The Netherlands all reported greater than 8% sales of EVs for 

the first half of 2020. Of course, these percentage figures are greatly skewed by the fact 

that unit sales volumes are down for all cars including EVs due to the COVID-19 global 

pandemic.  Leaseplan’s research estimates the total funding necessary for public charge 

point infrastructure at €12bn supplied by government plus another €20bn for private 

charge stations supplier by EV owners.  This funding mechanism is will create the initial 

momentum required to fuel private investment in public infrastructure, but it also means 

that 83% of these costs will be funded by the four leading countries.  Much of this money 

will be used to upgrade the existing ‘slow’ charger network to ‘fast’ modern chargers in 

line with the Norwegian model which is considered in the mature phase of EV 

development.  Norway is now seeing private investment, driving the necessary charging 

network expansion; and government funding is finally taking a back seat having provided 

the stimulus and initial momentum.  Really this study by ‘Leaseplan’ shows more what 

relatively richer countries can do to make EV a success but only with considerable 

government investment, which we do not know if the country will ever see returned to 

government funds. Norway just called it a ‘bad debt’ for the sake of a better cleaner 

environment.  Most countries may not have this financial capability. 
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Better charging infrastructure is also referenced in research undertaken by the ‘Corporate 

Vehicle Observatory’ fleet barometer18 which surveyed a large sample of three thousand 

company fleet managers across twelve countries in Europe in 2018.  Examining the 

corporate fleet market specifically, the study found that the EV boom, car sharing 

mobility and full service leasing were of foremost concern to the sector.  37% of fleet 

managers have or are currently introducing car sharing within their company fleet and are 

moving towards full integration with the leasing provider.  Of particular interest, 

however, was the fact that 30% of the large fleet sector have already adopted EVs and 

27% have allowed hybrids onto their car policy.  It indicates a move away from diesel, 

especially when the survey also showed that 68% of car policy managers have introduced 

other power trains including hydrogen onto their fleet.  As referenced in the research, the 

main drivers causing these changes are the total cost of ownership (TCO) of a company 

car and corporate social responsibility programs.  The TCO for EVs and PHEVs is fast 

approaching that of the internal combustion engine (ICE) meaning it will soon be more 

cost effective to lease an electric or hybrid car than the popular diesel or petrol version.  

The improvements on charging infrastructure networks and enhanced battery mileage 

range have produced better residual costs for fleet managers and encouraged company 

drivers to consider the environment.  It has resulted in 60% of European fleets having a 

CO2 target applied to their policy. 

Following on from such research some car companies are now taking the next step and 

forecasting the end of some ICE power trains like diesel.  One of the first companies to 

do this is Toyota, announcing in 2018 that they would begin ceasing manufacture of 

passenger diesel cars from the end of the year.19  Toyota will favour promotion of its 

hybrid cars (HEVs) for which it has been developing and producing since 1997.  They 

see no future for PHEVs as they believe that the driver will often forget to plug the car in 

to charge and as a result undo any environmental advantage they may have had.  However, 

perhaps it is easier for Toyota to give up on diesel compared with most German car 

makers when Toyota only ever had 10% of its European passenger cars powered by 

diesel. 

 
18 https://www.fleeteurope.com/en/fleet-strategy/europe/features/60-european-fleets-have-co2-
targets?utm_source=Fleet+Europe+Newsletter&utm_campaign=dff38314ab-
EMAIL_CAMPAIGN_2018_06_08_01_48&utm_medium=email&utm_term=0_4128e0d88f-
dff38314ab-53491257 
19 https://www.fleeteurope.com/en/manufacturers/europe/features/toyota-next-oem-abandon-diesel 
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General motors (GM) too have decided there is no future in PHEVs.20  They are directly 

investing in development of pure electric cars, seeing no sense in carrying the weight of 

two drive chains in one vehicle.  It is better to spend their research funds on a solution 

that delivers what that customer wants, which is a zero-emission affordable car.  

However, GM’s main rival Ford have decided to support the European market with all 

EV drive chains including pure hybrids (HEV) and PHEV as well as pure electric BEVs.  

Clearly, Ford intend to make sure they fill any void created between the phase out of 

diesel and the introduction of pure electric in the European market with a full range of 

PHEV models including commercial vans, pickups, etc., 

The same goes for Daimler who launched their range of C and E class Mercedes PHEVs 

onto the global market at the Geneva motor show in 2018.  Mercedes have used their 

newly developed and cleanest, most fuel efficient diesel engine yet to combine with the 

latest electric motor and battery technology to create a new hybrid power train.21  In 

contrast, Russia have seen no requirement to introduce environmentally friendly cars and 

their diesel car market has grown by almost 30% in 2018, led mostly by German car 

manufacturers who are improving their sales to a market with little or no environmental 

restrictions.22 

Environmental concerns are still being prioritised by automotive sector according to 

Reuters in January 2019.23  Their report details a $300bn investment over the next five to 

ten years driven by environmental concerns and government policy.  Ongoing 

improvements in battery technology both in mileage range and charging time make EVs 

a worthwhile investment for car companies as they now believe they are close to 

providing a realistic mobility solution for its drivers.  In the meantime however, when it 

comes to convincing the PHEV and EV buyer to purchases such a vehicle, it seems the 

environmental concerns fall behind more pressing financial considerations (Carley et al., 

2013).  In order to predict the future of PHEVs we need to see what financial factors 

influence the purchasing scenarios and if buyers are not considering the environment, 

 
20 https://www.globalfleet.com/en/manufacturers/europe/analysis/ford-believes-plug-hybrids-gm-does-not 
21 https://www.fleeteurope.com/en/manufacturers/europe/features/mercedes-announces-plug-diesel-
hybrids 
22 https://www.fleeteurope.com/en/fleet-strategy/russia/features/positive-q1-russian-true-
fleet?utm_source=Fleet+Europe+Newsletter&utm_campaign=aa08c5f5f2-
EMAIL_CAMPAIGN_2018_05_03&utm_medium=email&utm_term=0_4128e0d88f-aa08c5f5f2-
53491257 
23 https://graphics.reuters.com/AUTOS-INVESTMENT-ELECTRIC/010081ZB3HD/index.html 
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what governments are doing to convince them.  Therefore, we need to look further to 

economic and social drivers plus political influences on planning too. 

 

2.3.3 Socio-economic  

The research discussed so far does not consider the purchasers willingness to buy a 

PHEV.  Research carried out by Carley et al. (2013) investigated the criteria which 

‘drives’ a buyer to purchase a PHEV.  Interestingly, economy / return on investment, 

battery mileage range and reliable technology are the key drivers, while environmental 

factors such as reducing pollution and GHG play a much smaller part when deciding to 

move away from ICEs.  Of course, this research was conducted in a limited number of 

cities in the US and may not be representative of the environmental concerns of other 

regions of the world, such as the EU. 

Studies completed by Kormos (2016) examined the psychological and contextual 

influences on consumer vehicle preferences.  In particular, which provincial policy 

measures, introduced in the Canadian state of British Columbia, were most effective in a 

buyer’s decision to purchase a particular vehicle.  Kormos identified that point of sale 

incentives, such as financial rebates offered by the government for plug-in EVs, strongly 

influenced that purchasing decision.  For example, the introduction of a $5000 rebate, led 

to a 4% increase in market share for EVs and PHEVs.  Again, it should be noted that the 

scope of this research was restricted to British Columbia in Canada. 

Closer in geographical scope is the research from Gnann et al. (2017) who found that 

consumers in Germany valued energy pricing and charging infrastructure accessibility as 

more important factors than the purchase price and operating costs which were valued in 

the US.  Gnann et al. (2017) also predicted that if energy prices were to significantly 

increase in the US, consumer perception in the US may align more with that in Germany. 

Such policies, if brought about, would most likely result from government political 

decisions.  Bobeth and Matthies (2018), conducted a discrete choice experiment by 

surveying 284 members of German householders who had purchased new cars.  Their 

survey addressed range and charge point considerations as well as financial subsides and 

social norms like the perceived attractiveness of cars and the different considerations of 

each age group.  They found that range and general mobility were most important to 

younger aged car buyers than older and middle-aged buyers.  However, the scope of the 
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research conducted by both Gnann et al. (2017) and Bobeth and Matthies (2018) may be 

considered too general, addressing all drive chains purchased.  Meaning that they did not 

specifically target the EV buyer market because they believed that that population to be 

too small. 

Peters and Dütschke (2014) also surveyed the German automotive consumer.  Their 

research interest did focus on potential EV customers and their socio-demographic 

characteristics, their willingness to pay and their perceptions of EVs.  Results showed that 

potential EV buyers in Germany were middle aged men with families, who were driven 

by financial incentives being offered to purchase new cars and were also interested by the 

positive environmental impact of a zero-emission vehicle.  In contrast, the performance 

of the car was of less consideration compared to the normal car buyer purchasing an ICE. 

Considering more social trends in recent years, car electrification is allowing the 

consumer to potentially renew their car more frequently, whether it’s a company or 

private lease.24  Consumers aided by better financial conditions, provided by the lease 

provider and EV manufacturers, can take advantage of a faster moving technology with 

EVs and be more socially responsible / environmentally friendly, reducing their carbon 

foot print at the same time.  The ‘Inside EV trade report (2018) - Electric Car & 

Electrification Trends’25 also reported that the EVs, be it pure electric or hybrid cars, are 

becoming very popular with a younger and more environmentally conscious population.  

This social trend is encouraged by the first signs of affordability becoming evident in 

lower priced EV models now coming to the market (Pereirinha et al., 2018). 

There is also the view that used EVs must retain a better residual value after the first 

owner (Dai, C., 2017).  The car manufacturers must step in and support the second-hand 

market so EV owners are not discouraged from buying EV again.  Most potential first 

time EV buyers are discouraged by new car pricing and fear of the reduced residual values 

but some EV manufacturers are beginning to address the residual value and are offering 

loyalty incentives for EV repurchase in order to sell their next EV model, 26  ‘The 

improving EV technology features cannot be an economic barrier to re-purchase’.  This 

 
24 https://www.fleeteurope.com/en/financial-models/global/analysis/eight-trends-determine-future-
vehicle-
leasing?t%5B0%5D=Frost%20%26%20Sullivan&t%5B1%5D=Private%20lease&t%5B2%5D=Subscript
ion&t%5B3%5D=EV&t%5B4%5D=Maas&curl=1 
25 Inside EVs Top Electric Car & Electrification Trends of 2018 - https://insideevs.com/lists/top-4-
electric-car-electrification-trends-2018/319684/ 
26 https://www.fleeteurope.com/en/remarketing/europe/analysis/unplugged-used-car-buyers-wary-
electric-vehicles?a=BUY03&t%5B0%5D=Electric%20cars&t%5B1%5D=Residual%20value&curl=1 
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view is also held by the fleet market which believes that early EV adopters like Tesla and 

BMW are managing to retain used car value by using their own tightly controlled 

remarketing strategies.  These strategies will be maintained as long as the residual values 

for EVs remain lower than that of ICEs with the tipping point for competitive EV 

residuals being expected to be reached on or after 2021.27 

Jaguar Land Rover (JLR) in their publication ‘make fleet electrification an informed 

decision’28  go further with this cost analysis favouring EVs by examining a more cost 

effective cost of operation of an EV ‘An EV can save up to 50 percent on service and 

maintenance, 40 percent on utilization costs and 60 percent on insurance vs. a traditional 

ICE model’.  However, their confidence and support for EVs can be somewhat questioned 

when considering the reasons put forward for supporting EVs by not just JLR but many 

traditional ICE companies because they are just responding to popular demand.29 

This suggests the possibility of a passing trend in EVs, also considered in a paper by 

TyreeHageman, J., (2018), but these traditional ICE manufacturers are still committing 

significant investment in ICE diesel development.  So, diesel is not dead yet.  The future 

of diesel is of particular interest to EV manufacturers and the battle the diesel sector is 

facing is becoming greater, confronted with more government bans and further taxation 

(Worrall and Runkel, 2017).  This should favor EVs but petrol is taking more of that 

business.30 

If governments in Europe continue to raise taxes on diesel then they must expect to also 

decrease incentives on EV/ hybrids and eventually begin to raise taxes on those drive 

chains when they become popular; ‘Government must raise tax from somewhere’.31  City 

bans are already in place in some EU cities in France and Germany, but it is not 

anticipated to be an EU wide city ban for at least ten years (Bennett, et al., 2018).  The 

 
27 https://www.fleeteurope.com/en/remarketing/europe/features/buyers-increasingly-confident-used-
evs?a=FJA05&t%5B0%5D=BCA&t%5B1%5D=Electric&t%5B2%5D=Tesla&t%5B3%5D=BMW&curl
=1 
28 JLR.,(2018) https://www.fleeteurope.com/en/manufacturers/europe/features/make-fleet-electrification-
informed-decision 

29 https://www.fleeteurope.com/en/connected/europe/features/jlr-puts-its-money-electrification-
diesel-still-
table?a=DQU04&t%5B0%5D=JLR&t%5B1%5D=electrification&t%5B2%5D=Diesel&t%5B3%5D=BMW&t%
5B4%5D=Mercedes&t%5B5%5D=Audi&t%5B6%5D=Plug-in%20hybrid&curl=1 
30 https://www.fleeteurope.com/en/financial-models/europe/features/only-way-down-diesel-across-
europe?a=BUY03&t%5B0%5D=ACEA&t%5B1%5D=Fuel&t%5B2%5D=Petrol&t%5B3%5D=Diesel&t
%5B4%5D=EV&t%5B5%5D=Hybrid&curl=1 
31 https://www.fleeteurope.com/en/financial-models/europe/analysis/diesel-dead-long-live-
diesel?t%5B0%5D=Diesel&t%5B1%5D=dieselgate&t%5B2%5D=New%20energies&curl=1 
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economic and legislatives attacks on diesel are popular actions for governments to take, 

to be seen doing something about NOx pollution.  This is forcing the car manufacturer to 

address popular demand for petrol, hybrid and electric cars.  Toyota have abandoned 

diesel altogether since 2020, having already started to phase out diesel engines in its 

passenger cars in 2018.32  Standard and Poor’s report in 201833 predicts that diesel could 

represent only 30% of the market share by 2030. 

EVs are promoted by taxi companies like Uber, who see electrification as the way forward 

in urban transportation.  Fleeteurope reported on June 19th (2018) that ‘Uber will start 

paying drivers to switch to electric cars’.34  Adam Gromis, Uber’s head of sustainability, 

told the Los Angeles Times ‘We see the writing on the wall’.  He said that ‘as cities move 

toward sustainable transportation, companies such as Uber need to boost their 

environmental friendliness.  Unless we can be delivering a more efficient form of mobility, 

we won’t be providing good solutions that cities need.  That’s why we’ve gone into bikes.  

That’s why we’re working with transit.  That’s why we’re focused on electrification’. 

To facilitate this electric car vision there needs to be a strong charging infrastructure to 

support it.  While there are many charge network providers already building out 

infrastructure in individual countries in Europe like ‘New Motion’ in the Netherlands, 

surprisingly fuel companies like ‘DKV’ in Europe are also stepping up to the task 

realizing their eventual future.  Sven Mehringer, managing Director of Fuel/Energy and 

Vehicle Services at DKV Euro Services announced on (smart-mobility report Dec 2018)35 

their plans to co-operate with charge point providers throughout Europe to improve and 

expand the charging infrastructure in Europe. 

Given the technology advances in charging networks mainly in EU and US, network 

providers are now taking the next step.  If the cars can charge with electricity from the 

network, then it should be possible to also discharge excess or unwanted electricity back 

 
32 https://www.fleeteurope.com/en/connected/europe/features/toyota-next-oem-abandon-
diesel?a=BUY03&t%5B0%5D=Toyota&t%5B1%5D=Geneva%20Motor%20Show&curl=1 
33 Standard and Poors report of the ‘future of diesel’ (2018) 
https://www.fleeteurope.com/en/features/diesel-could-decline-just-30-market-share-europe-2030 

34 fleeteurope.com report - ‘Uber will start paying drivers to switch to electric 
cars’https://www.theverge.com/2018/6/19/17480044/uber-electric-vehicle-ev-driver-cash-incentive 

35 Smart Mobility Report - https://www.fleeteurope.com/en/smart-mobility/europe/news/new-europe-
wide-charging-structure-
announced?utm_source=Fleet+Europe+Newsletter&utm_campaign=255122341d-
EMAIL_CAMPAIGN_2018_12_07_10_14&utm_medium=email&utm_term=0_4128e0d88f-
255122341d-53490377 
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into the grid when required.  Vehicle to Grid (V2G) or indeed Vehicle to charge anything 

that needs electricity (V2X) is beginning to develop (Raustad, R.A., 2015).  Cars need to 

be equipped to do this and the Japanese car manufacturer Nissan have done just that.  

They launched the first V2G car on the 24th October 2018.36  Nissan hope that drivers can 

make their ‘Leaf’ work for them, selling electricity but also selling a lifestyle particularly 

to the younger driver population.  Linked to this is a kind of social network and, like many 

social networks, the EV sector is also beginning to build its own social network using 

technology known as ‘blockchain’ to provide EV customers with information about 

nearby available charging points (Kelsen, D., 2018).  Blockchain allows different 

charging point companies to share each-others infrastructure providing the best service to 

the EV driver while still managing the correct payment to the vendor.  This network 

advancement will go some way to addressing the sparsely located charge points, making 

the most use of the existing infrastructure.37 

Social networks are being used by the car companies too, EV development within 

companies like Tesla are using the social networking trends to sell their electric car 

‘dream’; connecting their cars not only to each other but to public and private 

infrastructure networks as well.  Combining the environmentally friendly driver that 

Toyota captured in the late 90s and 2000s with their ‘Prius’ model and the modern 

younger driver who expects connectivity with their smart phone, virtual cloud, etc., is a 

winning combination for Tesla (Global fleet report Sep 2018).38  Tesla have the greatest 

market share in the EV market in North America with their ‘model 3’ alone, taking one 

fifth of the all new EV registrations in Canada in 2018.  Indeed, Canada has seen a 214% 

growth in EVs in 2018 with a 50% of them PHEVs.  However, the global fleet report also 

states that the model 3 Tesla sales in Canada may have been boosted by the timing of this 

new car launch some six months before the government there withdrew a generous 

$14,000 purchase grant. 

 
36 https://www.fleeteurope.com/en/technology-and-innovation/europe/features/nissan-leaf-enables-fleets-
sell-back-electricity?utm_source=Fleet+Europe+Newsletter&utm_campaign=fe6a346542-
EMAIL_CAMPAIGN_2018_10_18_02_02&utm_medium=email&utm_term=0_4128e0d88f-
fe6a346542-53490377 
37 https://www.fleeteurope.com/en/safety-safety-environment/united-kingdom/news/blockchain-could-
join-ev-recharging-
networks?a=JMA06&t%5B0%5D=Blockchain&t%5B1%5D=EV&t%5B2%5D=Share%26Charge&curl=
1 
38 https://www.globalfleet.com/en/safety-environment/others/features/ev-sales-rise-214-
canada?utm_source=Global+Fleet+Newsletters&utm_campaign=0a6d0dfe0f-
EMAIL_CAMPAIGN_2018_08_31_08_06&utm_medium=email&utm_term=0_b87860cc9c-
0a6d0dfe0f-62099933 
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On the other side of the world in Moscow the Russian government have begun providing 

financial assistance to another up-coming popular trend which is car sharing.  Brought on 

by traffic congestion in the capital city, fourteen car sharing companies have evolved to 

fill a market demand with almost 15,000 vehicles in operation, making Moscow the car 

sharing capital of Europe.39  The same as any car fleet operating in an urban area, the 

benefits and attractiveness of EVs is becoming apparent to the car sharing community in 

Moscow and the phenomenon is spreading throughout other cities in Russia and in Europe 

increasing the market for EVs as it goes.  Like Uber and online taxi companies, car sharing 

is also online, and a younger generation of customers are quickly adopting this new 

mobility trend which utilises EVs more and more as the sector grows (Sperling, D., 2018; 

Mindur et al., 2018). 

Another popular and recently successful development for EV, particularly for PHEVs, is 

in car racing and what has evolved to be ‘Formula E’.  The advantages of increased power 

from the hybrid drive train has provided a competitive edge in that professional sport.  

Mercedes, Porche, Audi, etc., have all engaged in this opportunity since 2017. 40  

However, it must be said that the reasons for ‘Formula E’ interest in PHEVs has little to 

do with environmental or political concerns. 

Professional motor sport makes its own business decisions based on cost and car 

performance, but so do individuals and company car fleet managers.  A survey of the 

company fleet market in the United States (US) sponsored by courier company ‘UPS’ 

together with ‘Greenbiz’, a content provider on sustainable business development wanted 

to understand what were the main reasons preventing large fleets in the US from adopting 

EVs.41  The survey results revealed that 55% of companies regarded the purchase price 

of EVs to be too high and difficult to finance while 44% felt the charging network was 

not sufficient to meet their needs.  92% surveyed were not equipped enough to facilitate 

commercial EVs either.  On the positive side, 83% of US companies did see the need to 

be socially and environmentally responsible and were concerned about stainability. 

 
39 https://www.fleeteurope.com/en/smart-mobility/europe/features/car-sharing-gateway-electric-and-
autonomous-mobility?utm_source=Fleet+Europe+Newsletter&utm_campaign=73eb325246-
EMAIL_CAMPAIGN_2018_05_18&utm_medium=email&utm_term=0_4128e0d88f-73eb325246-
53491257 
40 https://www.independent.co.uk/sport/motor-racing/formula-e-hong-kong-eprix-oliver-turvey-interview-
manufacturers-all-electric-a8085521.html 
41 https://www.globalfleet.com/en/safety-environment/north-america/features/three-reasons-why-large-
fleets-resist-evs?utm_source=Global+Fleet+Newsletters&utm_campaign=bc31dc23f8-
EMAIL_CAMPAIGN_2018_10_14_05_39&utm_medium=email&utm_term=0_b87860cc9c-
bc31dc23f8-62099933 
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Again, from a cost perspective 64% were attracted by the lower TCO and despite the 

higher purchase price, an EV was much more economically to operate and maintain.  Of 

the 3,800 decision makers surveyed, only a little over 30% reported that the EV 

availability was an issue but UPS themselves ordered fifty electric trucks in the US and 

started work with public and private network charging infrastructure companies in 

London to solve their charging requirements there and begin introducing EVs in the UK 

also. 

The EU is helping companies like UPS to incorporate more EVs in their fleet by passing 

laws that enforce owners of new and renovated commercial buildings to allocate 20% of 

parking spaces with EV charge point pre-wiring.42  Realizing that it is more difficult for 

commercial companies to switch to EVs, governments also know that commercial 

transportation companies operating within cities and towns like couriers also produce a 

lot of CO2, GHG and polluting NOx gases.  So, helping them to convert to emission free 

vehicles is helping their country meet their emission targets and avoiding large fines from 

the EU.  Therefore, governments and politics have a very significant influence on the 

future of EVs in Europe and around the world. 

 

2.3.4 Political and legislative influences 

Buyers’ environmental concerns, which are beginning to influence the increase of 

PHEVs, are more prevalent in Europe, individual states in America, China and South East 

Asia than in other parts of the world.  While Carley et al. (2013) discovered that 

environmental concerns alone were not enough to make a buyer purchase a PHEV, but in 

these regions of the world mentioned, governments are forcing the environmental factors 

to be a consideration by applying tax exemptions which affect the total cost of ownership 

of the car (Sikes et al., 2010). 

Norway currently boasts the highest penetration of electrical and hybrid vehicles 

anywhere in the world, (Bjertnæs, 2013).  The role of incentives in promoting BEVs in 

the Norwegian market was investigated by Bjerkan et al. (2016).  In their survey 

 
42 https://www.fleeteurope.com/en/taxation-and-legislation/europe/features/new-buildings-europe-
required-have-ev-charging-points?utm_source=Fleet+Europe+Newsletter&utm_campaign=4435064055-
EMAIL_CAMPAIGN_2018_04_24&utm_medium=email&utm_term=0_4128e0d88f-4435064055-
53491257 
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conducted among 3400 BEV Norwegian owners, they found that removing purchasing 

tax and value added tax (VAT) was sufficient to make 84% of them buy a BEV. 

The government in Norway has provided financial incentives, but also the people have 

embraced the electric car in all its forms be it pure electric or hybrid (Sperling, D., 2018).  

Business there looks to build a better environmental future but also profit from it.  They 

are happy to do joint ventures with foreign companies such as the Dutch charge point 

network provider ‘NewMotion’.  NewMotion have expanded their network to include 

Netherlands, Belgium, France, Germany, UK and now Norway (Fleeteurope June 8th, 

2018).43  EU governments have allowed open roaming agreements so that companies like 

NewMotion can share other network companies charge stations and in their case provide 

over 70,000 charge points to their members in 25 countries across Europe.  Norway leads 

the way in Europe for all types of EVs and is third in the world by volume with 73,000 

cars sold in 2018.  37% of these were PHEVs and the rest (63%) were pure electric.  By 

percentage of EVs sold, Norway is by far the world leader with 47.9% of vehicles sold in 

2018 being EV or PHEV44.  That figure is up from 39.3% in 2017 and shows a very 

positive trend when compared with the United States at 2.1% or globally, 4.6%.  But even 

globally 4.6% represents a double increase from 2017.  In fact, the latest update shows 

that Norway has increased its EV market share yet again, to 56% for 2019.  

Next in Europe by percentage come Sweden and the Netherlands with 8% and 5.2% 

respectively.45  Of course, by volume it is Germany that follows Norway with 68,000 EVs 

sold in 2018 and 54,000 in 2017 but the key difference here is that more than 75% are 

PHEV supplied by VW, Daimler and BMW in that order.  It must be noted that all of 

these PHEVs are in the upper price range of the car fleet and so represent a more affluent 

buyer in the German car market taking advantage of the government purchasing 

incentives while perhaps also is caring for the environment.  With or without incentives, 

expectation has historically been more optimistic than reality. 

In Germany, Pfahl et al. (2013) concluded that only half of the one million EVs targeted 

by 2020 would be met if subsidies were eliminated, although they did go on to say that 

 
43 https://www.fleeteurope.com/en/safety-environment/europe/features/newmotion-expands-norway-
more-countries-follow?utm_source=Fleet+Europe+Newsletter&utm_campaign=dff38314ab-
EMAIL_CAMPAIGN_2018_06_08_01_48&utm_medium=email&utm_term=0_4128e0d88f-
dff38314ab-53491257 
44 https://www.electrive.com/2018/12/13/all-electric-car-market-share-on-the-rise-worldwide/ 
45 Data source ‘Branchenstudie Elektromobilitä’ (Industry report Dec 2018) collated by the Center of 
Automotive Management (CAM) https://auto-
institut.de/index_htm_files/Pressemitteilung_Elektro_Q3_2018.pdf 
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the market would continue to grow after 2020 even if subsidies were phased out at that 

point.  A €1200 continuous incentive per car would be enough to sustain a double-digit 

growth, demonstrating the power of government incentives in Germany.  However, the 

reality for Germany is that only three hundred thousand EVs have been purchased so far 

to the end of 2019, making it questionable if even half a million will be sold by the end 

of 2020 let alone the one million government target.  Initial years (2013-2016) have been 

somewhat disappointing but since 2017 the German consumer has been turning to PHEVs 

more so than pure electric, mostly likely due to range anxiety and lack of charging points 

throughout the country.  The cash incentive is playing a big part encouraging Germans to 

think hybrid but it is clear the PHEV is bridging the time gap until Germans will be 

comfortable to rely on pure electric vehicles.46  While Germany pushed over the half a 

million EV sales mark at the end of 2020, the introduction of the Volkswagen ‘ID3’ BEV 

in September 2020, with increased German government financial incentives, have placed 

BEV ahead of PHEV sales in Germany for the first time.  The magnitude of reduced cars 

sales due to the COVID-19 pandemic is of course, still unknown.  Therefore, the 2020 

gains made by BEVs in Germany may not be sustained in 2021. 

A further example of state intervention to favourably influence PHEV uptake is 

referenced in a paper by Sikes et al. (2010).  They reviewed the effects of policies such 

as sales tax exemptions; rebate programs for cars with good fuel economy; tax credits 

against the purchase price of PHEVs; local government backed warranty programs to 

cover the expensive hybrid car batteries; improving access to charging infrastructure 

using financial incentives, etc.,  Except for the last policy, all have had a positive effect 

on PHEV sales according to this research.  This shows a positive attitude by state 

governments in America towards the future of BEVs and PHEVs. 

Similar policies can be seen in China where there has been an explosive growth in the 

EVs market there since 2015.  The growth has been attributed to the incentives offered 

by the Chinese government, (Ou et al., 2017; Du et al., 2017).  China’s rapid development 

in EVs is boosted not only by its own car industry but also by foreign imports, particularly 

from German car makers looking to exploit a very large and growing market.  In fact, 

China is moving from a high quantity to a high quality car consumer which is good news 

for the German car manufacturers.  One in three cars made by German manufacturing 

 
46 Data source ‘Branchenstudie Elektromobilitä’ (Industry report Dec 2018) collated by the Center of 
Automotive Management (CAM) https://auto-
institut.de/index_htm_files/Pressemitteilung_Elektro_Q3_2018.pdf 
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groups VW, BMW and Daimler is sold in China and one in five of the 24 million cars 

sold in China is German.47  According to research by PwC,48 German manufacturers will 

launch 29 new EV models and all will be launched in China by the end of 2020.  

Meanwhile, Chinese manufacturers will launch 33 new EV models of their own by that 

time.  That is on top of the 66 EV models already being manufactured in China.  Clearly 

government policy is making significant progress in promoting cleaner cars in China and 

their investment in providing financial incentives to the driver population together with 

political help to their car industry is paying off.  However, Ou et al. (2017) and Du et al. 

(2017) failed to recognise that while funding is provided directly to the car makers, there 

is in fact more effective ways to incentivise the industry (Kang et al., 2016). 

Developing governmental EV financial incentives to the next stage is a research field 

examined by Kang et al. (2016).  In their paper analysing the effects of EV related 

government policies on emissions reduction, they found that increasing government 

spend on EV incentives is more effective if it is spent on public charging infrastructure.  

The government will get better value for its money and provide stronger stimulus to EV 

adoption by making more EV charge stations available than simply providing grant 

money to the manufacturer.  As EVs pricing is established and begins to decrease, the 

consumer is looking to the practicality of operation and the need for a satisfactory 

charging network. 

As the Chinese EV industry expands and EVs become more popular, governmental 

funding of the EV car industry needs to continue according to research completed by Liu 

and Xiao (2018).  Their study of various incentives supplied by the Chinese government 

concluded that the EV industry there cannot be competitive against foreign car makers 

without additional incentives.  In conjunction with research by Kang et al. (2016), it seems 

the Chinese government have to increase their spending in order to support new charging 

network infrastructure but also prop up EV manufacturers against mainly German 

imports.  By contrast European EV manufacturers are not getting the same financial 

incentives, at least not directly, and the European manufacturers do not require the same 

level of direct government support.  While European governmental financial support 

tends to go directly to the buyer in terms of cash grants at time of purchase it may be a 

 
47 https://www.fleeteurope.com/en/financial-models/europe/features/how-china-catching-and-why-
germany-could-still-win-mobility-race?a=FJA05&curl=1 
48 https://www.globalfleet.com/en/technology-and-innovation/europe/features/how-china-catching-and-
why-germany-could-still-win?utm_source=Global+Fleet+Newsletters&utm_campaign=bc31dc23f8-
EMAIL_CAMPAIGN_2018_10_14_05_39&utm_medium=email&utm_term=0_b87860cc9c-
bc31dc23f8-62099933 
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better policy in the long run with some European governments already reducing financial 

incentives without too many negative consequences.  In a paper by Zhang et al. (2018), it 

suggests that financial incentives are not sustainable and instead governments should 

significantly promote the other obvious benefits of going electric which should be 

sufficient to maintain EV growth.  Perhaps Zhang et al. (2018) do not take into account 

the experiences of leading countries in electrification, like Norway, which have shown 

that significant government investment is required before growth can be expected to be 

maintained (Sperling, D., 2018). 

There is now evidence to suggest that some countries and their governments especially 

in Western Europe are beginning to adjust tax policy with some expectation that BEVs 

and PHEVs will continue to grow even without extreme tax benefits or government 

grants.  Instead they are choosing to increase the tax on NOx polluting cars like diesel 

ICEs and those cars with higher CO2 emissions.  Company car taxation figures published 

in ‘Taxation Guide fleet Europe’ (2018)49 cites changes to tax policy where some EU 

countries are abolishing favourable low emission tax incentives especially where such 

incentives were being used as a tax avoidance ‘loop holes’.  So called ‘fake hybrid cars’ 

are being addressed in Belgium for example, where that government no longer believes 

that some identified PHEVs are sufficiently environmentally friendly and have been 

designed specifically to take advantage of their favourable tax regimes without delivering 

sufficiently low CO2 emissions.  In the Netherlands, road tax exemptions issued in 2014 

for ‘extremely emission efficient cars’ were restricted in 2016 to apply only to BEVs and 

hydrogen cars.  For Germany, tax benefits designed to promote the adoption of low 

emission cars expired at the end of 2020.  There are however smaller tax exemptions 

related more to driver expenses which only company car drivers can avail of for BEV and 

PHEVs.  The German government are also considering introducing an annual passenger 

car road toll fee which BEVs and PHEVs would be exempt from. 

Cavallaro et al. (2018) in their study of the EU countries asked the question: if EVs should 

be incentivised or taxed?  A complicated question, but under certain circumstances 

surprisingly, the conclusion was to tax EVs instead of incentivising them.  The main 

reason had to do with the source of their electricity.  Unless it was a ‘clean’ energy source 

then it should be taxed like any other polluter.  In Eastern Europe there has been a delayed 

reaction to EV incentives, but some governments are now boosting EV sales by issued 

 
49 https://www.fleeteurope.com/en/taxation-and-legislation/europe/features/new-taxation-guide-fleet-
europe-2018 
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first time environmental legislation by way of tax exemptions favouring EVs in Hungary, 

Romania and Turkey.  Ščasný et al. (2018) outline in their research on Eastern Europe 

and Poland in particular, that ICEs are clearly favoured over EVs by the consumer.  They 

carried out a discrete choice experiment and concluded that financial incentives were 

required to help with the purchasing and running costs of the EV.  Otherwise, ICEs will 

remain the number one choice.  One criticism of this research is that it does not take into 

account the improving total cost of ownership trend within the EV sector. 

Passing legislation to ban polluting vehicles is becoming popular with Western EU 

governments.  The French bank ‘BNP Paribas’ published an article in May 2018 on 

‘Urban Access Regulations in Europe’50 which outlines the legislative measures in each 

country by which their fleet management business (Arval) will be bound by in the coming 

years.  Taken from European Union and Commission legislation on Urban Access 

Regulations, in Air Quality, Transport and Climate Change, it shows that Denmark, 

Finland, Greece, Portugal, Spain, Sweden, Switzerland, Germany, France, Belgium, Italy 

and the UK all plan to ban ICEs, beginning with diesels in the coming years up to 2025 

but will allow BEVs and PHEVs to enter their major cities.  In addition to this Austria 

will also allow the use of LPG in the city but The Netherlands and Norway will only 

allow BEVs.  The Czech Republic and Hungary have legislative intentions outlined also, 

to restrict passenger vehicles in larger urban areas. 

Political willingness to protect the environment is resulting in taxing polluters and passing 

banning legislation to prevent the emission of GHG.  As a result, to promote 

environmentally friendly vehicles such as BEVs and PHEVs, many governments have 

and continue to incentivise buyers to purchase BEVs and PHEVs by providing cash 

rebates and tax incentives (Nicholas and Pontes, 2018).  Political will in most EU 

countries will eventually overcome the preferred choice of diesel fuel as governments 

demonize diesel with increasing taxes and implementing further city bans.51 

Petrol is the temporary winner but is causing increasing CO2 levels again in Western 

Europe as seen in Section 2.3.2.  In contrast Eastern Europe is seeing less political 

strength to combat pollution from cars and as a result is not seeing the growth rate for 

 
50 http://urbanaccessregulations.eu/userhome/map 
51 https://www.fleeteurope.com/en/financial-models/europe/features/only-way-down-diesel-across-
europe?a=BUY03&t%5B0%5D=ACEA&t%5B1%5D=Fuel&t%5B2%5D=Petrol&t%5B3%5D=Diesel&t
%5B4%5D=EV&t%5B5%5D=Hybrid&curl=1 
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EVs that can be seen in the west; 52  low emission zones (LEZs) which restrict the 

admission of polluting vehicles, are being introduced by EU governments with some two 

hundred zones already implemented in parts of Western European cities.  Apart from 

Berlin, no other Eastern European city has adopted this banning legislation which stops 

mainly diesels engines up to euro 5 standard from entering.  With poor charging networks 

and less available income to purchase the more expensive EVs, governments are unable 

to pass such legislation (Ščasný et al., 2018). 

Perhaps Eastern Europe is better off not to follow their Western counterparts just yet 

because low emission zones have also received a lot of criticism.  Hooftman et al. (2018) 

have studied the effectiveness of LEZs and concluded that governments need to do a lot 

more if the zones are to work as intended.  Some cities like Paris and Madrid are banning 

all cars which are retrofitted to comply with euro 6 diesel standard, but others allow 

various levels of retrofitting of cars from euro 3 and upwards.  A number of cities apply 

restrictions only to public service transport while others apply to all vehicles, even 

motorcycles. 

The period of time during the year varies too from city to city and the fines for being 

caught not complying with the legislation vary from less than seventy euros to four 

hundred and fifty euros in Milan at wintertime.  A further highlight to legislative 

malfunctions are two cities in Germany which took the German federal government to 

court to reverse the low emission zone restrictions in their cities of Stuttgart and 

Dusseldorf and won their case.  The emerging viewpoint of many EU countries now is 

that low emission zone legislation needs to be addressed with reference to existing agreed 

bills of law within the EU such as the European Air Quality Directive of 2008 

(2008/50/EG)53 to address air pollution. 

The EU has introduced working legislation which is likely to be successfully 

implemented across all of the EU member states.54  This is because it is liked to building 

 
52 https://www.fleeteurope.com/en/smart-mobility/europe/features/low-emission-zones-low-
overlap?t%5B0%5D=LEZ&t%5B1%5D=congestion%20charge&t%5B2%5D=air%20quality&t%5B3%5
D=European%20Commission&curl=1 
53 DIRECTIVE 2008/50/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL 
of 21 May 2008 on ambient air quality and cleaner air for Europe 
 https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32008L0050#d1e89-30-1 
54 European Parliament taxation and legislation report 20th April 2018 - 
https://www.fleeteurope.com/en/new-energies/europe/features/new-buildings-europe-required-have-ev-
charging-
points?a=BUY03&t%5B0%5D=European%20Commission&t%5B1%5D=European%20Parliament&t%5
B2%5D=Charging%20station&t%5B3%5D=EV&curl=1 
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regulation, which is enforced through safety standards in each country.  This makes it 

compulsory for constructions firms to install pre-wiring for charging points in new and 

renovated non-residential buildings with ten or more parking spaces.  In the case of 

commercial buildings twenty percent of car parking spaces must be pre-wired to allow 

for easy installation of charge point at any future date if more than twenty spaces are 

being provided.  While full rollout of this legislation will not be completed until 2025, it 

is seen as part of a wider move by the European parliament to reduce the emission of CO2 

gas and boost the uptake of EVs.  The parliament recognizes that the consumer has been 

wary of switching to EVs and also needs to facilitate the expected increase of new EVs 

being available on the market due to the large fines it plans to impose on the car industry 

by 2021 if each car manufacturer does not achieve an average CO2 emission figure of 

95g/km (Tietge et al., 2015).  Governments especially in Western Europe are introducing 

legislation to encourage EV adoption but some researchers studying their efforts believe 

they could do more practical improvements to regulate parking for charging points and 

optimize their use.  Bonges and Lusk, (2016) recommend an etiquettes procedure of how 

charge point user should behave making it legal to unplug cars which have completed 

charging for example.  Bonges and Lusk, (2016) may have underestimated the number of 

individual country laws within Europe that would need to be changed, however. 

On the global scene, fossil fuels will still threaten the short and medium-term future of 

EVs including PHEVs as world politics is still greatly influenced by the oil and gas 

producing countries.  Evidence of this was clearly seen at the UN climate conference at 

COP24 in Katowice, Poland at the end of 2018.  In the key outcomes report55 there was 

general agreement on what was happening to global temperatures, but when it came to 

taking actions on trying to stop it and turn the tide on global temperature rise it was clear 

there was no support from the four main oil producing nations US, Russia, Saudi Arabia 

and Kuwait, all of which opted out of the agreement.  The EU is also having trouble 

getting fully behind addressing climate change.  Setting targets on a way forward became 

an issue when EU member states met on the 12th December 2018 in Brussels and failed 

to agree on an EU CO2 target.  The Netherlands, France and Sweden pushed hard to get 

agreement on a 40% reduction in emissions by 2030 but in the end the main car producing 

members like Germany were afraid of the consequences on their countries and what 

aggressive reductions in emissions could lead to for their economies.56  Austria, holding 

 
55 https://www.carbonbrief.org/cop24-key-outcomes-agreed-at-the-un-climate-talks-in-katowice 
56 https://www.fleeteurope.com/en/taxation-and-legislation/europe/features/eu-fails-agree-co2-emission-
limits?utm_source=Fleet+Europe+Newsletter&utm_campaign=255122341d-
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EU presidency backed Germany who were only prepared to agree to a 24% reduction in 

the same period.  The main driver of emission targets for the car industry remain the 

average limit per manufacture of 95g/km by 2021 which has been and continues to be the 

key innovator of EVs in Europe. 

Therefore, examining the future of PHEVs in Europe needs planned scenarios that need 

to be developed from these political actions and those elements of socio economic, 

environmental and technological criteria that influence it. 

 

2.3.5 Summary of Key Drivers 

Initial predictions have underestimated the number of BEVs and PHEVs coming to 

market and evidence so far has shown that forecasting future scenarios is not an easy task.  

However, identification of battery development, rate of charging infrastructure 

expansion, environmental concerns, political influences and socio-economic forces have 

proved to be reliable indicators of continued car development. 

There has been no technology leap in battery development with just small incremental 

improvements mainly in the past decade.  Many efforts are under way to improve the 

battery energy capacity and discharge performance, so it complements an acceptable 

network of charge stations.  The charging infrastructure is expanding very slowly and 

addressing additional electricity requirements is still in the planning phase with an 

evolving realisation that renewable energy must play a much bigger part in providing this 

additional electricity for environmental reasons.  Providing a charging network that is 

sustainable, accessing green electricity, generated centrally or locally relates this 

technology driver to the second key driver which identifies environmental concerns as 

outlined in Table 2.2.  Advancements to improve competitor drive chain solutions such 

as existing diesel ‘euro 6’ engine technology and new hydrogen fuel cell technology make 

up the remining topics of interest under the technology driver. 

 

 

 

 
EMAIL_CAMPAIGN_2018_12_07_10_14&utm_medium=email&utm_term=0_4128e0d88f-
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Table 2.2 – Key Drivers 

 

With pollution and GHG becoming a global problem, politicians are slowly influencing 

a speedier transition from ICE to BEVs and PHEVs by providing financial incentives in 

some geographies.  Technology tries to provide the solutions required to satisfy the 

environmental requirements.  Additional political impetus is needed on one hand to 

incentive both EV users and EV manufacturers to consider change but on the other hand 

legislative bans and penalties are implemented to enforce that change.  The remaining 

socio-economic driver suggest an EV user reality, where social and legislative change is 

preparing the path to EV progression.  However, competition from existing and pending 

drive chains together with electrification technology challenges, coupled with additional 

costs associated with electric driving are slowing the advent of the electric car.  Moving 

to a complete electric fleet seems inevitable according to the main stakeholders; the only 

questions are how and when. 

 

Driver Research Contribution Comment or field of research interest Key Topics
Chen et al. (2018) Increased battery charge and mileage range Battery
Xia et al. (2018) Carbon Nano flakes electrode technology makes larger capacity batteries Battery
Akbari and Fernando (2016) Software mapping of battery discharge with infrastructure charge station locations Battery
(Limb 2016) Wireless Power Transfer - Road infrastructure allowing continuous charging of the battery Battery
Hua et al. (2018) Battery Swap network - replace discharged battery with charged one, similar to refuelling time Battery
TyreeHageman, J., (2018) Diesel is now much cleaner with use of newer Euro6  engine technology Drive Chain
Robledo et al. (2018) Hydrogen cars have zero emissions and could also balance the electricity grid with V2G Drive Chain
Gnann et al, (2015) Charging maybe sufficient without public charge stations with just home and work chargers Charging
Du and Ouyang (2017) V2G Bidirectional charge stations can also help balance electricity supply grid infrastructure Charging
Sedef (2015) Behind the Meter - Local renewable and green electricity generation  Charging
Capasso et al. (2017) Charging technologies must make use of renewable energy Charging
footnote global fleet. (2019) TCO for EVs and PHEVs is fast approaching that of the internal combustion engine Emissions 
Mills and MacGill (2017) showed little difference in total GHG released between a BEV and a PHEV unless renewable energy was used Emissions 
Guan et al. (2009) CO2 is a greenhouse gas and is the main contributor to climate change and planet warming to which cars contribute Emissions 
Noshadravan et al. (2015) access the GHG emissions, comparing ICE and BEV drive chain technologies Emissions 
Minrenken and Lackner (2015) No difference in emissions of EV or BEV is electricity is not green Emissions 
MacGill (2017) Emissions would induce car purchase Emissions 
Cleary et al. (2016) EU countries have a multiple renewable electricity generation options from wind, sun, hydro, tidal, etc… Green energy
Newbery et al, (2018) Interconnectors & renewable shared electricity Green energy
Carlini et al. (2019) Grid needs to be designed to incorporate green energy inputs -Renewables drive EV adoption Green energy
Elgowainy et al. (2010) Well to Wheel, emissions at power station if not at tail pipe - need renewable energy Green energy
Dey et al. (2018) Diesel is causing health issue in cities Pollution
Degraeuwe et al. (2017) Older diesels are causing pollution but euro 6 engines are much cleaner Pollution
Gnann et al, (2015) Energy pricing and charging infrastructure in Germany is more important than car price unlike USA Cost
Dai (2017) EV need better residual value, second hand market Cost
Carlini et al. (2019) EV's adopted if powered with green energy Cost
Mindur et al. (2018) Car sharing is online and younger generation customers are quickly adopting this new mobility trend utilising EVs Generational
Pereirinha et al. (2018) EV's becoming very popular with a younger and more environmentally conscious population as EV price reduces Generational
Bennett et al. (2018) It is not anticipated to be an EU wide city ban for at least ten years Legislation 
Kelsen, D. (2018) EV social network using ‘blockchain’ software to provide EV customers with nearby available charging points Social
Peters and Dutschke, (2014) financial incentives being offered EV buyers were also interested in positive  impact of a zero-emission vehicle Social
Kormos (2016) Government incentives do work - Point of sales financial incentives from Government Incentives
Degraeuwe et al, (2017) Increased taxes if increased emissions Incentives
Hooftman et al. (2018) low emission zones have also received a lot of criticism LEZ
Diesel era will continue Diesel is now cleaner, so might continue Diesel revival
TyreeHageman, J., (2018) EV's maybe a passing trend Diesel revival
Worrall and Runkel, (2017) Diesel sector is being confronted with more government bans and further taxation Diesel revival
Sikes et al. (2010) Governments are forcing the environmental factors to be a consideration by applying tax exemptions Incentives
Bjerkan et al. (2016) Norway they found that removing purchasing tax and (VAT) was sufficient to make 84% of them buy a BEV Incentives
Sperling, D., (2018) Norway provided financial incentives but people embraced EV's in all forms be it pure electric or hybrid Incentives
Pfahl et al. (2013) In Germany only half of the one million EVs targeted by 2020 would be met if subsidies were eliminated Incentives
(Ou et al., 2017; Du et al., 2017) The EV growth has been attributed to the incentives offered by the Chinese government Incentives
Kang et al. (2016) Increasing government spend on EV incentives is more effective if it is spent on public charging infrastructure Incentives
Liu and Xiao (2018) In China EV industry there cannot be competitive against foreign car makers without additional incentives Incentives
Zhang et al. (2018) Financial incentives are not sustainable so governments will significantly promote the other obvious benefits of EV's Incentives
Cavallaro et al. (2018) EU countries asked the question: if EVs should be incentivised or taxed? Incentives
Ščasný et al. (2018) Eastern EU financial incentives were required to help with the purchasing and running costs of the EV Incentives
Nicholas and Pontes (2018) Governments have and continue to incentivise buyers to purchase EV's by providing cash rebates and tax incentives Incentives
Tietge et al. (2015) Expected increase of new EVs due to the large fines impose if average CO2 emission figure of 95g/km not achieved Legislation 
Bonges and Lusk, (2016) Recommend an etiquettes procedure of how charge point user should behave making it legal to unplug cars Legislation 
Carlini et al. (2019) Environmental concerns alone were not enough to make a buyer purchase a PHEV, bans in law needed Legislation 
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2.4 Scenario Planning Research methods in the BEV / PHEV Automotive 

Industry 

Before completing the literature review it is necessary to consider the methodologies that 

have been used in relation to predictive scenarios in the history of the EV/PHEV sector. 

The Delphi method is an integral part of this study and is important to understand why it 

is through its links in the literature.  In considering the methodologies for EVs including 

BEVs and PHEVs, mostly qualitative methods have been used; predominately surveys to 

collect data from what is believed to be the purchasing population of a given survey scope.  

The analysis is then a combination of both qualitative and quantitative methods to outline 

results. 

Such methodology has been used by Lebeau et al. (2012), they have looked at the market 

potential for PHEVs and BEVs in Flanders, Belgium and furthermore had conducted a 

large-scale survey in 2011.  They applied a choice-based conjoint experiment, used 

choice-based conjoint theory and conjoint analysis;57 which is a multivariate technique58 

that evaluates respondent trade-offs among multi-attribute alternatives.  This was to 

estimate the consumer ‘utility function’ which assumes that consumers choose the 

alternative that maximizes their utility, as a defined concept by (Lancaster, 1966).  The 

conjoint methods map the preference structure of consumers based on their evaluation of 

the products attributes.  A choice-based conjoint study was also conducted by Günther et 

al. (2018) using a focus group addressing consumer BEV and PHEV adoption behaviour 

in the German market.  Management of bias and subjectivity may be an issue in 

attempting to use this methodology as anonymity is not protected. 

This methodology used in Lebeau et al. (2013) and Günther et al. (2018) is also complex 

when compared with Carley et al. (2013) who completed a survey and data analysis that 

was more basic in nature.  Other researchers like Nemry et al. (2010) chose to do further 

analysis of existing surveys or recorded statistics (in this case from the European 

commission) on which to base new findings.  Similarly, Lemoine et al. (2008) analysed 

state utility records in California and upon making various assumptions produced 

forecasted projections for different PHEV scenarios.  Forecast scenarios can also be 

produced using role play simulation (Önkal et al., 2012).  Önkal et al. (2012) showed role 

 
57 Conjoint analysis is a survey-based statistical technique used in market research that helps determine 
how people value different attributes (feature, function, benefits) that make up an individual product or 
service. 
58 A statistical principle of multivariate statistics, which involves observation and analysis of more than 
one statistical outcome variable at a time. 
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play produced better forecasts especially if the role play participants are more 

knowledgeable about the subject matter concerned.  Again, anonymity is not secured 

using this approach but perhaps it may be a good second stage or cross-sectional study to 

complete once the primary data has already been collected. 

Green and Armstrong (2011) examined role play from the perspective of ‘standing in the 

other person’s shoes’, allowing their initial intuitive judgement to see the situation from 

another viewpoint.  The focus of their study was on forecasting future decision making, 

based on conflict situations where participants in the study would role play another 

participant’s position.  This strategy gave that participant an opportunity to understand 

their potential decision making taking their particular reasoning into account.  By rotating 

the role play among the study participants, it was hoped that the role-thinking would not 

only help with necessary negotiations withing the group but also predict the outcome of 

the negotiations and hence, the future decisions that would be made.  Green and 

Armstrong (2011) claimed that when students in their study were required to become 

more engaged with the conflict situations within the group, the outcomes of simulated 

role play interactions produced a predictive accuracy of ninety percent.  This predictive 

method seems a good way to resolve conflict, but the significant interactions and potential 

influential nature of stronger willed participants, appears a problematic bias when 

forecasting future decision making. 

Continuing with forecasting decisions using conflict, Schweiger et al. (1986) studied a 

method that employed both conflict and debate by splitting participants into two role 

playing subgroups.  Each group independently developed decisions in a strategy known 

as an ‘dialectical inquiry’.  In this type of case, both subgroups would come together to 

debate their assumptions and recommendations, but only after both sides had finalised 

their decisions.  In two separate debates, each side would take turns at presenting their 

strategy or decisions and the other side would play ‘Devil’s advocate’, probing each 

decision and critically assessing every element of it.  In both ‘inquiries’, the participants 

were encouraged to assemble alternative courses of action based on the critical feedback 

from the other side.  The understanding of the study was that this method of predicting 

future decisions would minimise any group-based tendency toward any early agreement 

on decisions.  Having conflict and debate allowed time to reconsider and voice critical 

thoughts, before steering down a particular path to conclusions.  The method is also 

believed to lead to high levels of understanding among both subgroups of the final agreed 

forecast.  This makes for greater satisfaction levels across all study participants, in the 
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decisions they have agreed to go with.  However, there are weaknesses in this method of 

forecasting which relate to the personality types that participate in the study.  The critical 

arguments brought forward by the ‘Devil’s advocacy’ side need to be based on factual 

information and not presented just for the sake of opposition.  Stronger and perhaps more 

stubborn characters may try to distort from the task in hand, just to win the argument.  

This can lead to potentially good forecasts or even scenarios being eliminated before their 

greater worth is realised.  Again, direct individual participant interaction can always 

influence outcomes and lead to stakeholder bias. 

In identifying these more influential stakeholders and limiting their effects on 

proceedings, Cairns, Goodwin and Wright (2016) developed an augmented scenario 

method which quantifies each stakeholders’ number of achievements where their 

objectives were chosen over others in the group.  For these powerful participants, their 

ability to further improve on these achievements at the expense of other participants was 

monitored and corrective action taken using a seven-stage method.  Stage one formulates 

the scenarios, while stage two identifies the stakeholder groupings and the key objective 

that group wishes to achieve.   Stage three measures the extent to which each stakeholder 

groups key objective is achieved, while stage four looks at the shortfalls in objectives 

achieved for other stakeholders.  Remedial action to address those shortfalls is considered 

by way of strategies proposed to help those lower achieving stakeholders.  Stage five then 

examines if the stakeholder objectives would be achieved if the strategy was 

implemented.  The power of the stakeholder is rated from one to ten in stage six, to 

establish their ability to implement that strategy, and finally stage seven looks at the 

consequences of these actions on all stakeholders.  The obvious downside to this method 

is the complexity and significant involvement of the research which could influence the 

study by helping the weaker characters within the group.  Researcher bias is a serious 

consideration before using this method to predict future scenarios. 

Cairns, Wright, Fairbrother and Philipps (2017) developed the idea of ‘branching 

scenarios’.  Not so dissimilar to Schweiger et al. (1986), as already discussed, Cairns et 

al. (2017) also designed two groups, but in this study the groups started by building two 

‘extreme scenarios’.  The first scenario suggested a future of stability and collaboration, 

while the other suggested one of confrontation and instability.  Both groups in the study 

justified their scenarios by facts based on past events and suggested probability to reoccur 

in the future.  Examining the conflicting scenarios prompted each side to think critically 

of the other suggestions, with various alternative scenarios being developed using the 
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same historical facts from which original scenarios were developed.  This critical thinking   

allowed both groups to reconsider the original probabilities assigned and eliminate some 

scenarios from consideration.  By approaching the future, with initially very opposing 

starting points, there is a high possibility that the agreed scenarios are going to be 

somewhere in the middle.  The exact range of positions of agreement is determined in 

rational discussion, leading to a higher agreed probability outcome and chance of the 

scenarios predicted in the future.  The method engaged by Cairns et al. (2016) maybe 

prone to researcher bias, but in this study by Cairns et al. (2017), it could be said that the 

study reverted to stakeholder bias. 

To improve the knowledge and expertise within the stakeholder group, Wright, A., (2004) 

included the presence of what they called ‘remarkable people’ as participants.  By adding 

expert knowledge, they believed that better decisions would be made regarding 

stakeholder input to forecasting and scenario discussions.  The original idea was 

developed at Royal Dutch Shell and has been used by the company for decades.  There is 

still the concern of stakeholder bias but maybe to a lesser degree, because to be a 

remarkable person means that that person ‘can produce an insightful reaction for the 

client’ (Cairns et al., 2017).  This is a further step toward attracting a particular type of 

stakeholder or participant who can add significant value to the prediction that study 

makes.  It is also a move towards independent expert contribution which will be continued 

later with a discussion of the Delphi method.  However, a clear drawback with this method 

is the availability of ‘remarkable people’ and the difficulty of finding them. 

A more dynamic approach was taken by Eriksson and Weber (2008).  Their ideas 

regarding future predictions relate to the inevitable events that will take place during the 

period leading up to the forecast timeline.  Adaptable and flexible planning is required 

while keeping options open as the future transpires.  As the timeline moves closer, 

predictability becomes more focused and options left open can be reduced.  While this 

method does reduce risk, there is a significant disadvantage in the time delay, waiting for 

the future predictions to become clearer.  For the stakeholders or focus groups that maybe 

tasked with budget setting or strategy generation, this method will be of little use, unless 

a very dynamic strategy and budget is affordable, which is not usually the case and 

certainly not affordable in the car industry or fleet sector. 

Building from the outputs of role play, focus groups, etc., stakeholder analysis methods 

have been used to extrapolate forecasts and produce scenarios in many research fields.  

Walker et al. (2010) developed the concept of ‘levels of uncertainty’ to organise 
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stakeholder results in such a way that greater and more immediate value is extracted about 

the future.  Their method defined four levels, starting with level one which identified 

minor uncertainties and ‘a clear enough future’ forecast with reasonable accuracy.  In 

level two ‘alternative futures’ are outlined, also with a reasonable degree of confidence 

in those predictions.  For the remaining two levels, a much higher degree of uncertainty 

is attributed, with level three described as ‘a multiplicity of plausible futures’.  This time 

a known range of possible outcomes are listed, and probabilities assigned based on known 

factors.  Finally, level four relates to uncertainties leading to an ‘unknown future’, where 

futures are believed to exist, but it is not known what they are.  The purpose of level four 

is to appreciate the reality, and the objective is to start identifying what is not known and 

begin turning these uncertainties into comprehensible level 3 uncertainties.  Many of the 

level four uncertainties could also be described as those on the ‘scenario horizon’, which 

will be mentioned later in this section.  Of course, this method of predicting the future 

have many problems associated with it.  The idea of not knowing what is not known is a 

very difficult position from which to find a solid foundation upon which to build.  Many 

assumptions, even if based on some facts, can be total ‘wildcards’ and lead completely in 

the wrong direction.  Historical events from which facts are usually derived are not 

necessarily predictors of the future. 

In more recent times the national grid in the UK have and continue to use the basic 

scenario planning method for their ‘future energy scenarios’ (FES) annual reporting in an 

effort to plan ahead for Britain’s energy needs.  In their FES report issued July 2017,59 

BEVs and PHEVs are included in a future energy demand scenario making special 

reference to ‘Flash’ battery technology as a potential future allowing five-minute 

charging of EVs.  This future scenario would also lead to upgrading of the existing 

charging infrastructure to support higher electric current capacity.  Such scenario 

planning methods also suggest the use of new ‘Blockchain’ software technology to 

manage the trading of electricity between energy providers and consumers like EV 

owners (Hua et al., 2018). 

Scenario techniques and demand modelling have been used to examine other drive chain 

technologies like fuel cell powered cars.  Sørensen et al. (2018), have studied the viability 

of hydrogen production and its use in hydrogen cars.  Apart from outlining all of the 

infrastructural requirements, Sørensen et al. (2018) explored the ‘clean fossil’ resource 

scenarios that could be used to promote this environmentally clean technology from 

 
59 http://fes.nationalgrid.com/ 
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nearby gas fields in the north-sea.  The scenarios produced have helped with connecting 

mainly oil and gas exploration companies with a potentially new generation of energy use 

and automotive customers of the future. 

Concerning the environmental aspects addressed by Sørensen et al. (2018) more specific 

scenario forecasting has been used to predict the future increases of carbon dioxide in the 

atmosphere produced by passenger cars.  Hao et al. (2016) have used a ‘bottom up 

accounting framework’ strategy as the bases for creating their scenario futures out to the 

year 2050.  Hao et al. (2016) show that the ‘Business-as-usual’ scenario, if followed, will 

not meet the conditions required for the international sustainability scenario known as 

‘Representative concentration pathway 2.6’.  ‘Bottom up accounting’ generated scenarios 

are an involved process based on quantitative methods and assume current trends continue 

which is appropriate when drawing attention to targets set in the future.  Again, past trends 

are not necessarily a predictive guide for the future. 

Further environmental scenarios have been outlined by Degraeuwe et al. (2017), where 

they consider the other polluting gases known as NOx.  In this case the research focuses 

on two scenarios; one where diesel cars are producing inner city NOx and the other where 

diesel cars are not in the majority city traffic.  Both scenarios feed on detailed empirical 

data from eight major cities in Europe and rely on a quantitative methodology for future 

projections.  Again, many assumptions are made about each of the eight cities, which may 

make the input to the scenario somewhat subjective and not evenly weighted between 

these cities. 

An econometric examination of EV passenger car market penetration was completed by 

Jochem et al. (2018).  This research outlined the advantages and disadvantages of ‘bottom 

up’ and ‘top down’ approaches to forecasting and included equilibrium scenarios.  While 

trying to use all of the methods discussed to encapsulate a more robust model, their critical 

discussion of these research methodologies resulted in the use of their own hybrid version. 

However, in all this analysis Jochem et al. (2018) limited themselves to mainly economic 

considerations with just references to the technological terms.  Clearly, for this to be more 

inclusive and rounded research, they would have had to look at a much wider focus 

including the technological barriers, environmental concerns, political drivers, etc., to 

create any realistic scenario of EV market penetration in the future (Yildiz, B., 2018). 

Pernestål et al. (2017) used the basic scenario method to study the business, technological, 

policy and behavioural aspects of four plausible scenarios for the development of self-
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drive vehicles (SDVs) in Sweden by the year 2030.  The basic scenario method was the 

predecessor to the augment scenario method (Cairns et al., 2016), as already discussed.  

Unlike the augmented method, which used a quantitative assessment, the basic method 

used a qualitative assessment of stakeholder power to address successful objectives for 

each scenario.  The most important trends that affect the development were identified and 

the development of traffic volumes and fleet sizes were predicted for the different 

scenarios.  Unavoidable researcher and stakeholder bias appear to be an issue using this 

method, given the interjections of the researcher and the interactions of the stakeholders. 

Rowe et al. (2017) published in ‘technological forecasting and social change’ journal 

discussed further enhancements to scenario planning by combining this ‘intuitive logic’ 

(IL) method with ‘horizon scanning’ (HS), a method to look for ‘early warning signals’ 

in less obvious but still plausible scenarios.  By combining both methods Rowe et al. 

(2017) were able to establish more reliable forecasts.  In the same publication, they also 

outline the ‘Backwards logic method’ (BLM) that look for extreme negative and positive 

scenarios and broaden the horizon of possible futures.  The weakness in the IL and HS 

methods, using smaller early warning signals, is assessing their usability on which to act 

upon a decade or so earlier, especially when it comes to committing funds to a budget 

strategy.  This would be a requirement of the fleet business and any such budget would 

be difficult to get approval for in most organisations. 

One small improvement that could be included to reduce risk and increase the chances of 

budget approval might be an approach used by Meissner et al. (2017).  In their study 

external stakeholders were asked for ‘360’ feedback, in an effort to identify ‘blind spots’ 

and ‘weak signals’ in the forecasts.  The key difference, and of special importance, was 

that the stakeholder had to be external to the forecasting organisation.  The researchers 

believed that any ‘blind spot’ would most likely be inside the organisation, and so only 

someone positioned externally could see it.  The external persons rating of both the impact 

and uncertainty of the factor identified would have a significant higher weighting, and 

then could be either dismissed or included in the budget forecast or scenario plan.  

A more comprehensive library of scenario methods is outlined by Cairns et al. (2018) in 

‘Scenario Thinking’ and looks at the suitability of each method for particular applications, 

including the resources needed and time required for implementation. 
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Where research is more engineering based there is greater use of quantitative 

methodology, like the Monte Carlo method employed by Field (2011), to show the 

environmental effects based on levels of carbon fuel use. 

A qualitative scenario-based approach was used to outline the importance of financial 

incentives to the EV industry in China by Liu and Xiao (2018).  Their system dynamics 

model analysed four scenarios – with a direct incentive government policy, with an 

indirect incentive policy, without any incentive policy and with both a direct and indirect 

incentive policy.  The scenarios were projected out to the year 2040, concluding that 

manufacturers need to continue receiving financial support from the government if they 

were to remain competitive in China.  However, the system dynamics model did assume 

an aspect of macro-economic stability, which most likely could not be assumed for most 

economies and perhaps China. 

Closer to the research of this thesis and that of ‘plug-in hybrid vehicles’ (PHEVs), Krause 

et al. (2016) generated scenarios based on research collected using ‘discrete choice’ 

surveys.  Targeted customer points of sales were identified and surveyed for their 

opinions on four different vehicle drive chains.  Scenarios were generated from feedback 

received but this research was limited due to concerns about bias and subjectivity.  It was 

also conducted with only the US market in scope. 

A more comprehensive approach was taken by Zimmermann et al. (2012) whereupon 

they wanted to predict what future scenarios are required to reach specific targets, e.g. 

one million EVs on German roads by 2020 and five million by 2030, by using a Delphi 

survey and semi-structured interviews.  They attempted to set out the requirements that 

their government needed to achieve at different points in time, using a participatory 

backcasting approach. 60   The Delphi method was chosen to integrate with the 

participatory backcasting approach to improve the rigour and trustworthiness of the 

proposed scenarios. 

Rowe et al. (2001) outlined the role of the Delphi technique in ‘Expert opinions on 

forecasting’.  In this paper, they recommended a panel of between five and twenty 

homogenous experts providing opinion and where the median estimates were fed back 

for subsequent polling until responses showed stability. 

 
60 A tool with which to connect desirable long-term future scenarios to the present situation by means 
of a participatory process. 
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The Delphi method has also been used where raw data needs to be ascertained, and the 

general population is not the scope of the research, (Warth et al., 2013).  Here the Delphi 

method was applied to collect data from different stakeholder clusters which have various 

interests in the topic of EVs.  Further analysis was completed on the data to address 

concerns with bias, outliers, bipolarity and latent class to check the validity and 

homogeneity of the model used, trying to account for uncertainties in the panel of experts 

chosen.  This paper, although extremely relevant, does not sufficiently address PHEVs, 

which are arguably the bridging technology between the internal combustion engine 

(ICE) and the battery electric vehicle (BEV). 

A review of the methodology literature and EV methodology literature shows that surveys 

have been widely used to study this research field.  Lebeau et al. (2012) used surveys to 

carry out multivariate testing in an effort to estimate the consumer ‘utility function’ within 

the car buying population of Flanders in Belgium.  Günther et al. (2018) used a focus 

group addressing consumer BEV and PHEV adoption behaviour in the German market.  

Önkal et al. (2012) carried out role play to improve forecast results.  Nemry et al. (2010) 

and Carley et al. (2013) chose existing databases to provide recorded statistics from which 

to complete analysis on which to base new findings.  Lemoine et al. (2008) analysed state 

utility records and produced forecasted projections for different PHEV scenarios.  For 

more technical data collection and analysis, quantitative methodology like the Monte 

Carlo method were employed by researchers like Field (2011), to show the environmental 

effects based on levels of carbon car fuel use. 

However, throughout the past two decades stakeholders in the automotive industry have 

been using ‘scenario planning’, an even older methodology to forecast for the future.  

Combined with further analysis, researchers have used this methodology to predict the 

future of the EV industry.  Zimmermann et al. (2012) used scenarios and then semi-

structured interviews to predict EV targets for the German government.  Hao et al. (2016) 

and Sørensen et al. (2018) both used scenarios to forecast future levels of CO2 emitted 

from cars into the atmosphere.  Krause et al. (2016), Pernestål et al. (2017), Degraeuwe 

et al. (2017), Rowe et al. (2017), Cairns et al. (2018), Liu and Xiao (2018), etc., have all 

used scenario-based methodology to forecast the future of EVs. 

To further improve the scenarios, many EV researchers have employed the Delphi 

technique to incorporate ‘expert opinion’ to improve projections.  Rowe et al. (2001) 

outlined the role of the Delphi technique in ‘Expert opinions on forecasting’.  

Zimmermann et al. (2012) used a Delphi survey and semi-structured interviews to 
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produce EV scenario projections.  The Delphi method has also been used in a similar way 

by Warth et al. (2013) to collect data from different stakeholders, again for EV scenario 

projections.  Warth et al. (2012) went one step further analysing concerns of bias, outliers, 

bipolarity and latent class to check the validity and homogeneity of the model used. 

Each method discussed above, from the non-automotive studies outlined earlier in this 

section to the studies relating directly to EVs, suggest a methodology that should involve 

expert stakeholders and minimised researcher and stakeholder bias.  The method should 

also be based on the progressive successes of ‘building block’ methodologies that have 

been used for best possible scenario predictions and have been used successfully in 

automotive research.  As a result, this thesis follows the Delphi method employed by 

Zimmermann et al. (2012), Warth et al. (2013), Melander et al. (2019) and many others, 

given the similarities in subject matter and issues being addressed.  However, addressing 

the research question at hand, this study has concentrated on PHEVs, which is a 

subsection of the EV business.  Additionally, and for resource reasons this study was 

limited to addressing company passenger cars in the private sector market. 

 

2.5  Literature Synthesis  

The theory of innovation adoption as outlined by (Rogers, 2010) state innovation, 

communication, time and social systems as the elements of diffusion.  There should be a 

‘problem’ that the innovation can solve or a ‘need’ it can fulfil that will instigate research 

and development before commercialisation of a product.  Managing the elements of 

diffusion bring about the ‘perceived attributes’ (Rogers, 2003) for product adoption.  Naor 

et al. (2015) map these perceived attributes of relative advantage, compatibility, 

complexity, trialability and observability to functional and psychological product 

adoption barriers.  Relating the adoption barriers to this study leads to questions on the 

barriers to EV/PHEV adoption and diffusion.  Not just the functional technology barriers 

or drivers but also the psychological and environmental key drivers affected by 

institutional regulations, government intervention, competition and other reactions from 

society. 

The following common themes have been extracted from the key drivers outlined in the 

literature review above.  These themes which incorporate elements from some or all the 

drivers form the bases for this literature synthesis. 
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2.5.1 Battery Development 

The battery is identified as one of the most important factors when discussing EV/PHEV 

technology and its future potential.  Most researchers in the field make reference to the 

EV battery at some point in their study including (Nie and Ghamami, 2013) who 

examined the optimal battery size to maximise range performance in the EV or Sedef, 

(2015) matching battery size according to the intended journey planned, taking into 

account the recharge opportunities available on the route. 

Yuksel et al. (2015) addressed some of the issues with EV battery degradation losing its 

energy too quickly during freezing weather calling out some of the disadvantages the 

battery technology is causing for the EV drive chain compared with ICEs.  Potential 

solutions to these battery problems may come from the research being conducted at 

Bristol University where they are trying to scale up a ‘super’ battery from a mobile phone 

application to make it usable in an EV.  Such an achievement would mean much greater 

battery charge resulting in better EV range and comparable recharge times to that of 

refuelling an ICE.  Chen et al. (2018) and Xia et al. (2018) are working on ways to 

improve the existing Lithium ion technology which, if successful, may negate the need 

for a ‘super’ battery.  Akbari and Fernando (2016) mapped battery discharge cycles to 

specific routes studying the plausibility of matching battery range with charging 

infrastructure. 

An alternative that would lessen battery expectations could be ‘wireless power transfer’ 

where the EV is being continuously charged from the road (Limb, 2016).  This technology 

seems unlikely to be viable in the foreseeable future but another application to use the 

technology for EV charging is more promising (Karakitsios et al., 2018).  Another 

solution could be a ‘battery swap’ network which exist on a small scope in parts of Asia, 

that has been researched by Hua et al. (2018) using a technology known as ‘blockchain’ 

which manages the requirement operations of the EV in relation to the available battery 

network. 

Finally, the question of what to do with the battery when it is no longer usable?  How to 

dispose of it in an environmentally friendly way or as perhaps supply one of Renault’s 

electricity storage plants, which can use old EV batteries to supply energy needs as the 

electricity grid requires. 
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In summary, the future of EV battery development is being determined by the potential 

of: 

1) A ‘Super’ battery, eliminating issues of mileage range and recharging times. 

2) A battery ‘swap’ network that provides EVs with similar operations to ICEs in 

relation to refuelling / charging times. 

3) Battery ‘End of Life’ solutions that are environmentally friendly. 

 

2.5.2 Alternative Drive Chain Technology 

This research relates to EVs with a particular focus on PHEVs.  However, the success or 

failure on these drive chains will depend on what challenges competition can provide for 

stakeholders.  The main alternative is the existing ICE powered by ‘Diesel’ and ‘Petrol’.  

In July 2017, The Financial Times reported that the diesel car industry had begun to clean 

up its widely acclaimed ‘dirty’ emissions having invested significantly and having lost 

market share to petrol predominately, since 2016.  Petrol being less polluting than diesel 

does have higher GHG CO2 emissions, so there are suggestions that a new cleaner lesser 

polluting ‘euro 6’ diesel car may be better than petrol with its NOx abatement technology 

(Degraeuwe et al., 2017).  Fuel Cell or commonly called ‘Hydrogen’ cars are also keenly 

researched as is the source of the hydrogen fuel.  Sørensen et al. (2018) studied hydrogen 

production and related the application to the fuel cell car industry. 

In summary, the future of EVs alternative Drive Chain Technology is being determined 

by the potential: 

1) Return of diesel with the ‘euro 6’ engine and further emission improvements. 

2) Use of Hydrogen as a potential new car technology. 

 

2.5.3 Charging Infrastructure 

The charging infrastructure theme is of similar importance as the battery development 

theme.  Many researchers have studied an efficient optimised charging network.  Green 

et al. (2011) looked at the impacts of driving patterns, charging characteristics, charge 

timing and vehicle penetration on the power grid.  Matching the energy needs of an EV 

fleet of cars could cause problems for the electricity supply grid.  Equally, Berthold 

(2014) also suggested the potential for BEVs and PHEVs to supply electricity back to the 
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grid at peak times of the day while charging for daily requirements at night or using 

renewable energy sources during the day. 

Gnann et al. (2015) suggested that perhaps charge station were only really required at 

home and office locations and a limited public infrastructure would suffice.  Sedef (2015) 

studied how planned routes could have appropriate charging infrastructure that is 

powered from ‘behind the meter’ type renewable sources like the wind and sun.  Capasso 

et al. (2017) echoed this research as did Aghaei et al. (2016); Hu et al. (2016) who studied 

‘smart’ charging as a potential way to match BEV / PHEV power requirements with the 

power grid. 

On more economic and political aspects, Hu et al. (2016) predicted that demand for 

electricity could be partly controlled by price if electricity capacity became an issue and 

Kang et al. (2016) concluded that any government money was more efficiently spent on 

public charging infrastructure than grants or incentives to the EV manufacturer or 

consumer.  Research by Gnann et al. (2017) also found that charging infrastructure 

accessibility and energy price were the most important factors that the German consumer 

considered when purchasing an EV.  Further analysis on the future viability of V2G was 

completed by Du and Ouyang (2017) which the potential for a consumer revenue stream 

sell electricity back to the grid. 

In July 2017 The UK National Grid suggested through their ‘future energy scenarios’ 

paper that V2G can be further enhanced by the adoption of new technologies like ‘internet 

of things’ and ‘blockchain’ software.  This new technology could also manage ‘behind 

the meter’ renewable sources as well, while EV manufacturer ‘Nissan’ in 2018 have taken 

V2G to the next level by producing a car that can supply electricity not only to the power 

grid, but other outlets as well called ‘V2X’. 

In summary, the future of EVs charging networks is being determined by: 

1) Charge point availability. 

2) V2G concept of bi-directional electricity flow matching grid requirements. 

3) ‘Behind the meter’ concept of local renewable generation. 

 

2.5.4 Environmental: The Pollution problem & Renewable energy supply solution  

When environmental themes are researched in relation to EVs, the literature focuses a lot 

on how the polluting gas emissions are generated, and comparisons are drawn between 
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different drive chains.  Lemoine et al. (2008) investigated various electric cars and 

convention carbon fuelled vehicles to compare the cost, technology and their effects on 

the environment.  So too did Elgowainy et al. (2010) but they took a more holistic view 

starting with the source of the energy, the electricity generating power station or oil/gas 

field and traced the carbon trail until its point of use in the car.  This analysis known as 

‘Well-to-Wheel’ was used by Meinrenken and Lackner (2015) and found GHG emitted 

to power EVs was not significantly lower than emissions produced locally by an ICE.  

Mills and MacGill (2017) did the same comparison but between BEV and PHEV to also 

find little difference in total GHG released unless renewable energy was used.  Field 

(2011) and Noshadravan et al. (2015) did more sophisticated analysis using the Monte 

Carlo method also on the same drive chain comparisons.  All their results had a common 

theme, which was that pollution created either locally or elsewhere can only be prevented 

by use of renewable energy. 

Newbery et al. (2018), discussed in their paper the requirements and necessity for the EU 

to be connected given the renewable energy possibilities that existed in various countries.  

Different country climates favoured different types of renewable generation of electricity, 

from hydro in the mountains to wind by the sea and solar in the south.  Without 

interconnector infrastructure it would not be possible for the EU to share its renewable 

energy resources.  Detailing the electrical grid connections in each the individual country, 

Carlini et al. (2019) were able to show that there have been many renewable sources 

connected to the national grids throughout the EU including the EV industry via V2G.  

The grid infrastructure needs to be designed to incorporate renewable energy sources and 

the need to interconnect them internationally within the EU.  EVs only make 

environmental sense if they are powered by renewable electricity and the literature shows 

that the EU needs electricity to be interconnected to achieve this. 

Studies by Degraeuwe et al. (2017) were specifically carried out in larger urban areas of 

Europe to measure NOx emissions and then compare the results to the vehicle population 

typical to that city.  Their research only considered locally produced emissions but 

outlined a common conclusion that older diesel engine vehicles were a source of NOx 

pollution.  By implication, the cities would benefit from lower pollution if only EV and 

PHEVs were allowed. 

In summary, the future of EVs is being determined by environmental themes related to: 

1) Renewable electricity requirements to support zero emission BEV/PHEVs. 

2) Electricity interconnector network within the EU. 
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2.5.5 Government Solutions, Incentives tax credits/cash grants & legislative bans 

& taxes - Government influencing the Cost Component 

A key theme running through the literature review is that of government action and 

political solutions to aid progress.  The literature outlines the need there has been, 

continues to be and potentially will be to have financial incentives provided by 

government to encourage driver to purchase BEVs and PHEVs.  Collectively EVs are 

being incentivised in most countries with any level of EV adoption.  Sikes et al. (2010) 

showed that EV buyers were favourably influenced by sale tax exemptions and cash 

rebate programs for the purchase of EVs instead of ICE that had no incentives.  Pfahl et 

al. (2013), examined EV incentives provided by the German government and concluded 

a dramatic reduction in EV purchases if incentives were eliminated in Germany.  Carley 

et al. (2013) reviewed all the factors that were considered by the EV buyers in their study 

and discovered that environmental factors were not enough to make car buyers part with 

their money.  In fact vehicle running costs and financial assistance had a greater influence 

and were the stronger factors making them purchase an EV.  The same conclusions were 

drawn by Peters and Dütschke (2014), with German automotive consumers being 

encouraged to purchase EVs by financial incentives. 

Kormos (2016) examined the psychological and contextual influences on consumer 

vehicle preferences and identified that point of sale incentives, such as financial rebates 

were convincing factors to purchase an EV.  The incentive driven pattern continued in 

China where the EV growth there was attributed to financial incentive policies of the 

Chinese government, (Ou et al., 2017; Du et al., 2017).  Liu and Xiao (2018), studied 

various incentives supplied by the Chinese government also and concluded that the EV 

industry there cannot be competitive against foreign car makers without additional 

incentives.  So, it is clear the literature strongly suggests that financial incentives have a 

very strong influence on the car buyer decision to purchase an EV. 

The political solutions are not all about encouragement and incentivisation, there is a 

discouragement element too.  Governments are penalising car polluters by implementing 

polluting taxes levied on ICEs and urban bans that only allow zero emission vehicles to 

enter cities.  Such recommendations have been made by Dey et al. (2018) who studied 

diesel emissions in Dublin and related it to public health and population deaths. 

The European Parliament has already acted and continues to pass legislation such as an 

emission target in the taxation legislation reported on 20th April 2018.  In it, individual 
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car manufacturers must achieve less than an average CO2 emission figure of 95g/km by 

2021 or face heavy taxes on polluting cars.  The key governmental influences are: 

 

1) Government financial incentives to purchase a BEV/PHEV. 

2) Legislative bans only allowing zero emission cars like BEV/PHEVs into EU 

cities. 

3) Polluter pays taxes levied on emissions. 

 

2.5.6 Car Sharing 

The theme of car sharing has reoccurred frequently in the literature.  Research undertaken 

by the ‘Corporate Vehicle Observatory’ in 2018 outlining that 37% of fleet managers 

have or are currently introducing car sharing programs within their company fleets.  

Variations of car sharing like ‘ride sharing’, being adopted by taxi companies like ‘Uber’, 

were also discussed by many researchers and, organised public fleet sharing similar to 

that originating in Moscow and funded by the Russian government to curtail growing 

traffic congestion in their capital city.  EVs adoption has been high in the car sharing fleet. 

 

2.6 Basic Theory 

Examining the theory of technology innovation adoption and diffusion has led to the 

investigation and identification of the PHEV key drivers.  The literature synthesis 

identifies six areas of discussion which encompass the key themes of the research, 

satisfying the diffusion and adoption theory that can be applied to the innovation of 

PHEVs. 

 

The six drivers are: 

1) Battery Development 

2) Alternative Drive Chain Technology 

3) Charging Infrastructure 

4) Environmental: The Pollution problem & Renewable energy supply solutions 

5) Government Solutions, Incentives tax credits/cash grants & legislative bans & 

taxes – Government influencing the Cost Component 

6) Car Sharing 



70 
 

Rogers (2010) ‘innovation development process’ theory identifies a ‘need’ to instigate 

innovation, leading to research and development before commercialisation, product 

diffusion and adoption.  The ‘need’ for PHEV technology comes from the requirement to 

have less pollution in our cities and less production of greenhouse gases going into the 

environment from carbon fuelled vehicles.  These needs are being driven by government 

and society that are represented in the fifth and sixth key drivers respectively.  The 

resulting research and development per Roger’s theory are demonstrated in the first four 

drivers, all of which must achieve increasing commercialisation before seeing increasing 

product diffusion and adoption into the European automotive marketplace. 

Roger’s theory on ‘product adoption’ outlines perceived attributes of relative advantage, 

compatibility, complexity, trialability and observability from which Naor et al. (2015) 

maps functional and psychological product adoption barriers. 

The literature outlines the main functional barriers presented by battery and charging 

infrastructure technologies as well as the challenges faced to access alternative energy 

from renewable sources.  The psychological or environmental key drivers affected by 

institutional regulations, government intervention, competition and other reactions from 

society as discussed by Naor et al. (2015) are outlined with potential government and 

social solutions in the last two key drivers.  

A battery that can be charged fast enough, allowing the car to travel sufficiently far 

enough using non-polluting generated energy would be the innovative solution required 

according to the innovations and product adoption theories of Rogers (2010) and Naor et 

al. (2015). 

Alternatively, an acceptably improved existing ‘diesel’ solution or another replacement 

drive chain like ‘hydrogen’ could also provide the required innovation as discussed in the 

second key driver, ‘alternative drive chain technology’.  Research into all six key drivers 

form the research objectives of this study into the future of PHEVs. 

 

2.6.1 Knowledge Gap 

The description of an EV in the literature is greatly over-shadowed by the ‘pure’ electric 

car or ‘battery electric vehicle’ (BEV).  As discussed in the introduction to the literature 

review, there are PHEVs (the subject of this research), HEVs which are non-plug-in 

hybrid electric cars and fuel cell electric cars.  Many researchers often do not specify the 
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type of EV they are making reference to but in most cases, it can be assumed they mean 

a BEV when analysing the elements listed for discussion. 

All six areas identified are key drivers to any electric car discussion but there is a 

knowledge gap in the literature as there is very little research available researching 

PHEVs and no research has been completed specifically on the potential of PHEVs as 

leased company passenger cars now or in the future.  Addressing the role and future of 

PHEVs as the bridging technology between ICEs and BEVs for private sector fleet cars 

in the EU is a clear gap in the literature which this research is filling. 

While there are many papers predicting the future of BEVs, HEVs and even PHEVs, there 

is no literature available to acknowledge the business user and no evidence of research 

carried out on the future of PHEVs in the company passenger car market, where the 

buyers and decision makers are not just individuals but organisations as well. 

To fill this gap, this research was chosen to address the question ‘What future do plug-in 

hybrid passenger vehicles have in the EU private sector fleet?’  There is a considerable 

wealth of literature from many different geographies, as outlined in the literature review 

and synthesis, which have very relevant research parallels to this research question.  Using 

these parallels together with the original knowledge contribution that this research brings, 

has resulted in the gap identified being addressed. 

 

2.6.2 Supporting Methodology 

From the methodology literature synthesis there have been many research methods 

explored but Scenario planning is the most frequently used for EV forecasting often 

combined with the Delphi method.  Zimmermann et al. (2012) and Warth et al. (2013) 

are just two studies that employed this methodology. 

It is the only methodology appearing in the literature that was used to incorporate all 

research areas identified in the literature synthesis and be applied to BEVs. BEVs like 

PHEVs are also subset of the EV family and so the methodology is appropriately used 

here. 
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2.7 Research Question 

As stated in the Basic Theory, a knowledge gap was identified in the literature.  This gap 

relates specifically to PHEVs.  In addition to this there is no evidence of any research 

outlining future scenarios for PHEVs used as company lease cars.   

The themes identified in the literature synthesis have been researched further in order to 

provide the data required for company leased PHEVs.  Therefore, each sub-theme listed 

in the literature synthesis has been researched with a view to obtaining data that generates 

PHEV scenarios for the future.  Details of how this research was carried out are outlined 

later in Section 3.3 of the methodology.  Each sub theme has been reworded as a statement 

which is more relevant to PHEVs and in line with the supporting methodology. 

Each theme is listed below together with corresponding sub themes. 

 

Battery Development 

• Battery Technological Leap, The Super Battery is usable and affordable in the 

EU. 

• Alternative battery swap facilities at charge stations on most motorways. 

• Recycling electric car batteries at end of life is no longer an environmental 

issue. 

 

Alternative Drive Chain Technology 

• New replacement drive chain like Hydrogen dominates the EU company 

passenger car market. 

• NOx pollution containment using abatement technology is sufficient to 

maintain diesel as a competitive option. 

 

Charging Infrastructure 

• Charge stations at most parking spots in public car parks. 

• V2G, electricity being sold back to the grid is popular. 

• Private domestic charge stations also extracting electricity behind the meter 

from local renewable sources. 
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Environmental: The Pollution problem & Renewable energy supply 

solutions 

• Renewable electricity energy sources are sufficient in EU to meet PLUG-IN 

car needs, hence, genuine CO2 savings. 

• International Electricity interconnectors with the possibility for countries with 

no renewable energy to purchase it from those that have. 

 

Government Solutions, Incentives tax credits/cash grants & legislative bans 

& taxes – Government influencing the Cost Component 

• Government financial incentives are available for lower emissions cars in 

most EU countries – e.g. Lower taxes, tax credits, cash grants, etc., 

• Legislative urban bans allowing only zero emission cars in most EU cities. 

• PHEVs are a popular choice for the company passenger car fleet because 

unlike ICEs, they are allowed in most EU urban ban cities.  

 

Car Sharing 

• Car sharing in most of the general population.  

• Company passenger cars are not normally shared so car sharing in not popular 

in the company car fleet. 

 

Each of these statements has been researched as described in section 3.3 of the 

methodology chapter (Chapter 3). 

This research has been carried out with the aim of answering the following research 

question: 

What future do plug-in hybrid passenger vehicles have in the EU 

private sector fleet? 

From the literature review and synthesis, key themes or drivers have been identified and 

their potential for future development guide the objectives outlined below with a view to 

supporting the research aim which is: 

To develop forecast scenarios for PHEVs in the EU private sector 

company passenger car market using the Delphi method. 
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In order to support this aim and answer the research question, the following research 

objectives were achieved.   

The objectives are: 

1 Identify the level of consensus among stakeholders regarding battery 

development scenarios that meet fleet mileage range and recharge time 

expectations in 2035. 

 

2 Measure stakeholder consensus for alternative technologies such as fuel cell 

and diesel drive chains replacing BEV/PHEV by 2035. 

 

3 Measure stakeholder consensus for acceptable charging network scenarios by 

2035. 

 

4 Identify consensus levels among stakeholders for environmental scenarios 

favouring sufficient renewable energy availability by 2035. 

 

5 Identify the levels of consensus among stakeholder for government scenarios 

regarding urban bans and financial incentives favouring PHEVs by 2035. 

 

6 Measure the levels of stakeholder consensus for car sharing in the general 

driver population but also in company car fleet by 2035 in the EU. 

 

The research question and related research aim and objectives have been fulfilled with 

the aid of a methodology, which will now be outlined in the next chapter.  In all, it forms 

the basis for this exploratory based research. 



75 
 

3.0 Research Methodology 

In this thesis, a phenomenological study using mixed methods is employed to carry out 

the research.  A deductive approach is taken at first, utilising a synthesis of the literature, 

to derive the content for use in a Delphi survey questionnaire.  Data collected from the 

Delphi survey is quantitatively and qualitatively analysed and further deductions are 

made, producing results.  An inductive approach is then taken using these results to create 

an interview guide which enabled semi-structured interviews to take place.  Transcripts 

are collected and thematically analysed to establish qualitative scenarios about the future 

of PHEVs.  Before outlining the methodology in more detail, it is worth briefly recalling 

some of the influential methods discussed in the literature that have led to the justification 

of this mixed methods study. 

Assessing the future of electric or hybrid electric vehicles (PHEVs) is a difficult task (Al-

Alawi and Bradley, 2013).  As outlined in the literature review and synthesis, quantitative 

methodologies employing surveys have been and continue to be the most common 

approach used by researchers to collect data for automotive studies (Lebeau et al., 2012); 

(Krause et al., 2016).  These kinds of surveys, used to collect customer opinions and 

purchasing decisions, are frequently combined with other data collection methods such 

as focus groups, as preferred by Günther et al. (2018), where they examined EV adoptive 

behaviour in Germany.  Some researchers use survey results which have already been 

completed by others to do separate analysis, for example Lemoine et al. (2008) or Nemry 

et al. (2010); both used survey data collected by government departments.  Most of the 

data collection for the automotive industry is completed with the view to producing 

forecast information in order to predict the future, similar to the PHEV scenario 

projections produced from analysing government records by Lemoine et al. (2008). 

In these cases, the basic scenarios have been generated in a relatively casual manner 

where, for example, future scenarios have been born out of just three group meetings such 

as that of Pernestål et al. (2017) in their study of business, technological, policy and 

behavioural aspects of self-drive vehicles in Sweden.  Or in the case of Liu and Xiao 

(2018), when they outlined the importance of financial incentives to the EV industry in 

China.  Others too, such as Sørensen et al. (2018) used scenario techniques to predict the 

future of hydrogen production for use in hydrogen cars in a similar way.  Önkal et al. 

(2012) adopted role play as their method for creating scenarios where participants acted 

out the assumed roles of each stakeholder. 
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A more formal approach using accounting strategies have been employed by Hao et al. 

(2016) and Jochem et al. (2018).  Their scenario generation technique used accounting 

analysis to suggested future scenarios but also assumed that current trends continue. 

 

3.1 Introduction of the Delphi Method 

The main criticism with all of these data collection methods is the potential influence or 

interference caused by stakeholder bias.  To limit this problem and to improve the 

trustworthiness of the scenario forecasts, Rowe et al. (2001) have used the Delphi 

technique utilising ‘Expert opinions on forecasting’. 

The Delphi method is utilised to provide forecast scenarios based on independent 

feedback from multiple rounds of questionnaires sent to a panel of experts.  Following 

several rounds of questionnaires, the panel of experts provide responses which are 

aggregated and shared anonymously with the panel after each round.  The expectation is 

that consensus of opinion will begin to form as the rounds progress. 

Rowe et al. (2001) recommended at least five experts on a panel to provide anonymous 

and independent feedback to that panel, and with informed opinion, continue to poll the 

same panel of experts until consensus of opinions has been reached.  Zimmermann et al. 

(2012) also used the Delphi method to predict future scenarios for EVs in Germany and 

further extended the data collection by conducting semi-structured interviews with the 

expert panel to explore the outcomes of the Delphi study.  This additional interviewing 

step was also adopted for this study. 

The Delphi method is a widely accepted research technique applied to situations of high 

uncertainty requiring scientific and social-economic perception (Warth et al., 2013). 

Warth et al. (2013) employed the Delphi method to collect collaborative thought from 

carefully chosen subject matter experts from across a variety of sectors in society.  Having 

studied the German automotive market, they suggested fifteen projections of possible 

futures for BEVs by the year 2030 and used those projections as the starting point for a 

Delphi study.  Opinions on each of the projections were collected using a Delphi survey 

questionnaire and available consensus feedback was relayed to the subsequent rounds 

until there was minimal change in participants opinion.  While their application concerned 

BEVs, their methodology can equally be applied to PHEVs, a very similar drive chain 

technology. 
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3.2 Application of the Delphi Method to this Study 

This research study also employs the Delphi method, used in many previous forecasting 

studies (Warth et al., 2013 and Zimmermann et al., 2012).  PHEVs are a subset of the EV 

market, just like BEVs.  The German market, studied by both research groups, is the 

largest and most influential automotive country within the EU, and is also within the 

market scope of this research.  The application of the Delphi method here was to capture 

the knowledge available from groups of subject matter experts (SuMEs) in the 

automotive, vehicle leasing and related sectors, directing that collective knowledge 

toward identifying the similarities and significant differences in the futures of PHEVs. 

This phenomenological methodology using mixed methods began by employing the 

Delphi method. The purpose of the Delphi method was to develop the themes derived 

from the literature synthesis, matching consensus of opinion, and with the aid of basic 

statistical analysis, mapping divergent views with the expectation of forming further 

consensus before completing the Delphi study.  By design, the Delphi method requires 

the survey questionnaire to be issued to panel participants and when responses have been 

received and analysed the majority or average outcome is anonymously fed back to the 

panel with the reissuance of the same survey questionnaire.  With informed opinion, 

consensus is expected to form on certain topics and potential new topics may arise.  At 

the end of the final round, results are collated to determine topics of consensus and 

divergence.  On completion of the Delphi method, final round quantitative data was 

further evaluated by calculating the Mean and improved Standard Deviation value for 

each theme or projection, helping to identify consensus by the average or most popular 

opinions. 

Results were then used to create an interview guide for the final step of this research 

which was to interview members of the Delphi panel using an in-depth semi-structured 

interview.  The purpose of this final interview stage was to allow time to formalise topics 

of consensus and more importantly to investigate further those divergent areas of the 

research which continued to have differing viewpoints or opinions. 

Particular focus on dissenting topics during the interviews bring an understanding of the 

reasons for disagreement and help conclude final outcomes.  These interviews were either 

face to face or by telephone/videophone and were transcribed so that thematic analysis 

could be carried out. 
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This final step using thematic analysis produced the remaining qualitative data needed to 

fully understand all opinions and produce the most popular forecast scenarios for PHEVs 

in future company car fleets. 

 

3.3 Main Delphi Study 

The main study is outlined by firstly describing how the questionnaire was developed, 

including a pilot study that was carried out to validate it.  Secondly, a plan of how the 

candidate or panel selection for this survey was completed.  Thereafter thirdly, outlining 

how the quantitative data was collected.  The fourth section provides a full description of 

the Delphi data analysis, while the fifth and final sections deals with interview data 

collection and analysis, leading to the final outcomes. 

 

3.3.1 Questionnaire development 

A traditional Delphi structured questionnaire was deployed which involved asking the 

respondents three things about each statement; (1) Probability of occurrence, (2) Level of 

impact and (3) Desirability of occurrence (Melander et al., 2019 and Warth et al., 2013).  

The questionnaire addressed the fifteen key themes identified in the literature synthesis 

outlining fifteen statements for the respondent to rate their agreement or disagreement by 

entering an estimated expected probability of occurrence from 0 - 100% of the statement 

being true by the year 2035 (See Appendix I).  In addition, values from 1-5 were also 

requested to reflect opinions on firstly, the impact of PHEVs in the EU company car fleet 

sector (1 for low impact, 5 for high impact) and secondly, the respondents personal 

desirability of occurrence (again, 1 for low desirability and up to 5 for high desirability).  

There were three boxes next to each of the statements in which to enter numerical values 

as shown in Appendix I.  For Delphi survey studies, using a scale such as 1 to 5 as shown 

here is the most common data collection method, referred to as the ‘Likert’ scale (Ogden 

et al., 2016). 

As discussed already, each statement or topic on the survey questionnaire was directly 

derived from sub themes in section 2.7 (Research Question) which in turn were linked to 

the six research objectives of this study.  Therefore, data obtained for research objective 

1 came from feedback to topics 1, 4 & 11 on the questionnaire, objective 2 from 2 & 6, 

objective 3 from 3, 10 & 12, objective 4 from 7 & 8, objective 5 from 5, 9 & 15 while 
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finally, data for research objective 6 came from feedback to topics 13 & 14 on the 

questionnaire.  Collecting each panellist’s ‘expected probability of occurrence’ (see 

Appendix I) for each of the fifteen statements provided initial opinions from the experts.  

Furthermore, obtaining data on their opinion of how each topic affects the PHEV fleet 

sector, targeting the feedback specifically to this study while reflecting each experts’ 

desirability for each statement to be true, allows more in depth understanding of the 

reason why the respondent has taken that direction.  All of this data, together with any 

qualitative comments provided by the panellists, was collected from round one for 

analysis before being issued as feedback for round two.  The use of SuMEs in the panel, 

and especially from key sectors of the business, ensures their continued participation in 

the study due to their own personal interest in the subject and also improves response 

times (Hasson, et al., 2000). 

However, before outlining the remainder of the main Delphi study, the survey used was 

tested to ensure it would be understood correctly by the panellists that receive it and that 

the survey was capable of collecting all the required input necessary to deliver reliable 

results.  For these reasons a pilot study was carried out and is described next. 

 

3.3.1.1 Pilot Study 

In order to validate the content of the Delphi survey and ensure it is understood correctly 

by the Delphi panellists, a pilot study was undertaken.  This is considered an effective 

way of assessing the quality of the survey to be used (Gill et al., 2013).  The pilot study 

followed the procedures used by Melander et al. (2019), who also used the Delphi method 

in their main study. 

This pilot study consisted of a small sample of six participants, all middle to senior 

management from stakeholder companies in the fleet sector population.  Six companies 

were asked to volunteer a pilot participant for survey validation purposes.  Each of the 

company participants were issued with the Delphi survey and with a short explanation of 

its purpose, plus space provided to make any edits or comments.  The pilot participants 

were also invited to add any relevant missing topics at the end of the survey (Toma and 

Picioreanu, 2016). 

The subject details for this pilot consisted of two stakeholders from car manufacturing 

companies which were Mercedes in Germany and Nissan in the UK, plus two from lease 
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financing firms - Arval BNP Paribas in France and Athlon leasing in The Netherlands. 

The remaining two participants, one fleet manager from software company SAP based in 

Italy representing the user customer side and one policy maker from SEAI (Sustainable 

Energy Association in Ireland) representing governmental policy.  This sample included 

representation from all fleet sectors intended to be used for the main study.  The pilot 

study also connected with the key geographies in the European Union and was hoped that 

this small sample would best represent the SuMEs that would be partaking in the main 

Delphi study (Hasson et al., 2000). 

Each of the six pilot participants were emailed firstly to ask for a suitable timeframe in 

which they were available to respond to the survey.  Agreement was reached for the 

second week in September following return from summer break.  The participants were 

then sent the pilot survey by email and given two weeks to respond to the survey 

containing fifteen key themes.  For each of these key themes, the respondents were asked 

for their understanding of the question and if they would make any edits to improve the 

text.  This was an opportunity to verify statement understanding and correct any text 

leading to mis-interpretations (Li et al., 2017).  At the end of the survey, participants were 

also asked for any additional topics or other themes they felt were relevant to the 

completeness of the survey.  By allowing this extra feedback, additional assurances were 

provided to verify that the survey was inclusive of all relevant subject matter (Turnbull et 

al., 2018).  After one week an email reminder was sent informing them of the deadline to 

reply and all six responded within the two-week timeframe. 

Results from the pilot were collected from all six participants with each respondent 

providing their feedback on all aspects of the survey.  The feedback outlined that there 

was a good understanding of all fifteen themes; with two respondents suggesting a small 

edit for the last key theme to enhance its interpretation.  Following a short synthesis with 

the sub themes, extracted from the literature, two edits were made to the last topic on the 

survey and the correction was verified with all responds for completeness. 

Additional themes were also suggested by three of the respondents, but these topics 

related to car purchase programmes, light goods vehicles and employee benefits which 

are outside the scope of this study.  The final survey which went forward to the main 

study is outlined in Appendix I. 
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3.3.2 Selection of Delphi Panel 

In this study a twenty-five-member Delphi panel was planned, using the Delphi technique 

and applied across a panel of SuMEs based in twenty-five stakeholder companies.  These 

stakeholders, employed by companies in car finance leasing, car manufacturing and 

support sectors, as well as, fleet managers from multi-national companies. 

All of these companies were identified from the fleet Europe company members register, 

as well as, from the sponsors supplier base.  This sample represents the key stakeholders 

in the company car fleet sector as seen in Table 3.1.  One executive from each company 

participated on the panel, leading to a sufficient panel size (Linstone and Turoff, 2011). 

Table 3.1   Delphi Panel of ‘Subject Matter Experts’ 

Stakeholder 
Companies 

Finance 
Leasing 

Car 
Manufacturers 

Fleet 
Managers 

Support 
Sectors Total 

Number of 
SuMEs 7 6 6 6 25 

 
 

Participating companies in the study agreed a confidentiality agreement and research brief 

with the researcher.  In order to minimise researcher bias, senior management in the 

participating companies chose one individual from their many SuMEs at random also 

ensuring their willingness and availability to participate (Wilhelm, 2001). 

For this reason, the participating companies needed to be large operational firms that are 

well established in the automotive, BEV/PHEV, financial car leasing and related business 

sectors.  The finance car leasing sector is a key stakeholder in this research due to its large 

company car ownership especially in the EU, as are the company car fleet managers from 

related business sectors which represented the customer user base. 
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3.3.3 Data collection process 

The collection process followed the steps shown in Table 3.2. 

Table 3.2 Data Collection Process 

 

At the start of the main study, the participating panel of SuMEs were sent an email 

introducing the researcher, describing the research project and its purpose while also 

informing them to expect their first communication also by email, which would include 

a two-page survey questionnaire to complete (see Appendix I).  The SuMEs were given 

three weeks to respond between Delphi rounds, which is considered to be a reasonable 

time period (Belton et al., 2019).  The quantitative feedback, which was collected using 

this structured questionnaire, allowed the panel to provide anonymous communication to 

the group through the researcher following the Delphi technique and allowing different 

viewpoints to be captured (Linstone and Turoff 2011).  There was also space provided 

for comment at the bottom of the survey, should the respondent want to explain their 

reasoning or opinions.  This improves the quality of the feedback (Meijering and Tobi, 

2016). 

Once the first-round survey was sent, respondents had three weeks to reply (as mentioned 

already) and a reminder to complete and return the survey was emailed after two weeks 

to those having not responded at that stage.  When the first-round feedback was received 

the Mean, Standard deviations and interquartile ranges (IQR) were measured as part of 

the initial quantitative data analysis for each of the fifteen key themes on the survey.  The 

Mean values indicated the average opinions, the IQR values enabled identification of 

outlying views among participant feedback, while the standard deviation values 

measuring convergence, calculated for use later as an indicator of consensus from round 

to round.  Common opinions detected in the comments section were also relayed to the 

next round.  Any opinion appearing three times, or more were provided in the comments 

section as general qualitative feedback to the panel. 

1 Send pre warning email to Delphi Panel participants

D 2 Circulate 1st round Delphi survey structured questionnaire
E 3 Review answers, calculate Mean, Standard Deviation (SD) and Inter quartile (IQR). 
L 4 Identify any Outliers using Sd & IQR values and Note same opinions appearing three time or more in the comment section
P 5 Return Mean values with any adjustments for outliers to the panel together with any common opinions and request new data
H 6 Carry out three rounds of survey using the Delphi method
I 7 Report out Delphi quantitative & qualitative feedback & check SD values to see if consensus is improving from round to round
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In round two, respondents were emailed collective, anonymous feedback with the average 

scores input in the survey sheet from answers in the first round together with qualitative 

common opinions in the comments section.  The panellists were then also emailed another 

blank survey, identical to the first round and asked the same questions again to see if their 

answers changed and / or began to form a consensus on certain statements.  This is the 

basis of the Delphi method. 

The process was repeated again when results from the second round were received.  

However, in addition this time the second round Standard deviation values were 

examined and compared to the first round to see if there was improvement to show 

increasing consensus.  IQR data was also used to target outliers of concern, and the 

average figures were adjusted, omitting outlier values before providing feedback to the 

panel of participants. 

Within the Delphi group, the survey was repeated for a third and final time with the final 

round feedback being reviewed to see if the Standard deviation had improved with a view 

to establishing any SuME panel consensus.  The final qualitative comments were also 

collected, recording corresponding points of consensus in line with the quantitative data 

and remaining dissenting or differing viewpoints which were used later in the study to 

help explain themes showing wider deviation values. 

Finally, when the Delphi survey feedback had been reviewed and analysis completed, 

then edits according to this feedback were made and the structured questionnaire was 

reissued to the Delphi panel for confirmation of the Delphi outcomes and recording of  

remaining score changes or comments the SuMEs wished to make. 

High levels of consensus across the majority of stakeholders deemed those statements to 

be considered good indicators of the future of plug-in hybrids, but where significant 

differences in points of view were detected, then lower probabilities of success were 

attributed. 

 

3.3.4 Delphi survey data analysis 

As previously mentioned, following the final Delphi survey round, the Means, Standard 

deviations and interquartile ranges (IQR) were measured as part of the quantitative data 

analysis for each of the fifteen key themes on the survey.  Using these statistical measures 

in conjunction with the Delphi method is very common, especially where the ‘Likert’ 
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scales have also been utilised (Melander et al., 2019).  To establish consensus criteria for 

each of the survey themes, the average of the Means above 70% were considered as 

‘agreement’ and any percentage below 30% were considered as ‘disagreement’, leaving 

results between 30% and 70% as ‘divergent’ (Keeney et al., 2006). 

Results from the Delphi study were represented in table and graph form displaying the 

averages of SuMEs expected probability of occurrence, impact on PHEVs and personal 

desirability in line with Melander et al. (2019) and Warth et al. (2013).  Each round result 

was outlined on a table showing all figures including IQR and Standard deviation.  The 

measure of consensus change from round to round was clearly represented by a bar chart 

of the standard deviation results and each of the fifteen statement or themes tabled in 

order of most consensus to most divergent.  Each table and graph have a narrative 

following it, as described in the results. 

Finally, each theme has a short discussion of the qualitative comments made, in the order 

of most frequent descending to the lone or differing outlier comments.  Such comments 

were useful to note when preparing for the next part of the study involving interviews 

with the SuMEs. 

 

3.3.5 Interview data collection and analysis 

Finally, using more qualitative methodology, semi-structured interviews were carried out 

with fifteen of the Delphi panel SuMEs and these differing views together with Delphi 

panel consensus were listed for topics of discussion.  Interviewees were chosen from the 

feedback at that stage as follows: i) those with ‘divergent’ views, i.e. showing fewer 

common opinions, and ii) those with ‘convergent’ views, i.e. showing similar opinions 

with high consensus.  Semi-structured interviews work well with the outputs from a 

Delphi survey where many respondents often do not support their opinions with any 

justification.  For example, in answering the first pilot study question of this study 

regarding the development of a ‘Super battery’ for electric cars being developed before 

2035, many answered ‘of course’ with the only justification being ‘well there has to be’.  

This is not solid justification for such an opinion, so a follow up interview established 

their reasons behind it.  Interviews are often used in conjunction with the Delphi method 

to develop outcomes and draw conclusions (Zimmermann et al., 2012; Rayens et al., 

2000). 
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Interviews were conducted either face to face or by telephone/videophone and followed 

an interview guide developed from research already gathered through the Delphi study.  

This guide also ensured that the research scope was maintained so that all the research 

objectives tied to the inputs to the Delphi survey continue to be investigated during the 

interview process. 

The list of topics on the interview guide included the themes used in the Delphi survey 

with consensus listed first and those of increasing divergence listed in order thereafter.  

This was to ensure maximum progress was made, leaving enough time to discuss more 

contentious topics.  The qualitative text collected from the Delphi was also arranged in 

the same order, so those comments were easily referenced during the interview. 

Each interview was transcribed, and thematic analysis carried out.  Using thematic 

analysis, patterns are identified through a rigorous process of data familiarisation, data 

coding, and theme development and revision (Osborne et al. 2017).  This form of data 

collection and analysis is especially suitable for addressing topics of conflict (Harrell and 

Bradley, 2018).  Divergent views and topics of conflict have been imported from the 

output of the Delphi study but of particular importance is the extrapolation of additional 

themes and hidden meanings, not detected directly from the interview conversations. 

Thematic analysis is perfectly positioned to support discovery of themes and embedded 

concepts hidden in the transcripts (Rubin and Rubin, 2005).  This inductive and reflexive 

analysis allowed the data to determine the themes, following repeated recoding.  Another 

reason for choosing thematic analysis is the suitability of qualitative themed results.  The 

themes discovered using this approach lend themselves very appropriately to the 

generation of qualitative scenarios, which were required to fulfil the research objectives 

of this study. 

Thematic analysis is reflexive in nature, starting with collection of all the transcripts to 

refresh and familiarise the researcher with the data again.  Particular care was taken to 

consider all the data as a whole and not to be driven by the order used in the interview 

guide, a typical pitfall outlined by Braun and Clarke (2006) when conducting thematic 

analysis.  This also helped with searching for unexpected meanings and patterns in the 

transcripts, the first step of six steps to completing thematic analysis as outlined in the 

following Figure 3.1. 
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Figure 3.1 - Braun and Clarke (2006) Six Steps to Thematic Analysis: 

1. Familiarise yourself with your data 

2. Generate initial codes 

3. Search for themes 

4. Review themes 

5. Define and name themes 

6. Produce a report 

The second step in this analysis is to systematically progress through the entire data 

collecting extracts with ideas and points of interest.  This is done with a view to generating 

codes that can be used to tie common extracts in the transcripts together and identifying 

repeated patterns which may be used to form themes in step three.  Examples of two such 

codes ‘range anxiety’ and ‘green hydrogen’ are shown in Appendix II.  Version 12 of the 

software tool, ‘NVivo’ was used to organise and structure the codes and themes.  Here, 

these codes are generated from similar comments appearing repeatedly across transcripts. 

Indeed, step three is about pulling those codes together to form sub themes or even main 

themes as the analysis progresses.  Step four looks to review the themes identified so far, 

examining if some themes need to be divided into more than one or new codes coming 

through changing the existing themes.  Coding is an iterative process going back and forth 

throughout the reflexive analysis until the final reporting step.  Coding patterns identified 

during this exercise were refined until consensus was identified and matched to the 

relevant theme and even to new themes.  In step five, the themes identified were officially 

named and briefly described to outline their content.  In the final step six, all themes were 

reported out giving a ‘concise, coherent, logical, non-repetitive and interesting account 

of the story the data tells’ (Braun and Clarke, 2006). 

The themes contained within this report were then aligned and compared with the original 

themes consensus and divergent views coming of the Delphi survey.  Those themes 

describing the same view and consensus were assembled in a logical manner that serves 

the European fleet sector.  The story that these assembled themes tell, describe the future 

scenarios for PHEVs.  Divergent views coming into the interview process were then 

compared with the remaining unmatched themes to see if any further consensus was 

apparent following thematic analysis of the interview data.  Consensus encapsulating the 

remaining unmatched themes were either combined within the existing scenarios created 

or went to form new potential scenarios. 
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Following this analysis, conclusions were drawn about the future of plug-in hybrid cars 

in the European company car fleet in line with the scenarios suggested.  Remaining 

unmatched themes or divergent views from the Delphi study that were, at that point, 

concluded to be divergent after the interview process and analysis were outlined in the 

results with suggested reasons given.  The scenarios with consensus were finally 

compared to the fifteen original Delphi survey themes. 

The results gathered from this comparison went towards achieving the six research 

objectives from the outcomes of the fifteen Delphi survey themes.  These in turn, 

addressed the aim of the study providing an answer to the research question in line with 

the most common themed scenario. 

 

3.4 Methodology Summary 

The aim of the research study was to develop forecast scenarios for PHEVs in the EU 

private sector company passenger car market using the Delphi method with support from 

in-depth semi-structured interviews.  The introduction to this study outlines the rationale 

for the research which is further defined by the history of electric vehicles described in 

the literature review. 

The review continues thereafter with an appreciation of the theoretical frameworks 

surrounding technology innovation and advancement.  The content of this framework is 

emulated in the key drivers which layout the challenges but also progression of 

electrification in the automotive sector.  Together with examination of the research 

methods used to study the car industry, the main influencing themes to the development 

of PHEVs are extracted in a literature synthesis.  These themes were identified as research 

objectives to be studied that close the knowledge gap identified in the literature, forming 

the basic theory that was used to fulfil the research aim and provide an answer to the 

research question. 

The most suitable methodology to carry out the research is deduced based on the subject 

interests and work completed by previous researchers in this research field.  The Delphi 

technique with additional support from in-depth semi-structured interviews were chosen 

as the best methods to addressing the research objectives by forecasting future scenarios 

for PHEVs out to the year 2035.  The themes with most consensus were judged to have 
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the highest probability of occurrence in the future and when assembled together formed 

the suggested scenarios put forward by this research. 

This research makes a valuable theoretical contribution to the future of PHEV adoption 

and diffusion in the automotive and finance leasing sectors.  The new knowledge the 

study provides allows company car fleet managers in both of these sectors to strategise 

for the future and prepare their organisations to plan an investment path to full vehicle 

electrification. 
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4.0  Results 

In this chapter, results from the Delphi study are first presented in section 4.1.  This 

includes data on estimated probability of occurrence, industry impact and individual 

desirability, with statistical analysis of same.  Bipolarity analysis and ‘wildcard’ scenarios 

are discussed before results of the Delphi study are finally shared.  In section 4.2, the 

results from the Delphi study are used to create the interview guide and prepare the 

qualitative input to the interview process.  The output from the interviews, through 

Thematic analysis is provided in section 4.3 and is followed by extensive mapping of the 

‘Themes’, leading to the generation of scenarios.  In section 4.4, these scenarios are 

brought together to form one final scenario, which addresses the research aim of this study 

and answers the research question of this thesis. 

 

4.1 Delphi survey feedback and analysis 

Participants were chosen randomly from the key business sectors which support the 

company car fleet business in the EU. 

Invites to participate in a Delphi style survey were sent to an increasing number of 

companies until 25 replies of willingness to participate were received. 

It took over 80 correspondences before 25 participants were identified, as evenly as 

possible, across the stakeholder support sectors.  These support sectors consisted of a 

broad base of companies engaged in car finance leasing, car manufacturing and the wider 

user community involving company fleet managers, electric car charging providers, oil 

companies, telematics data management and government energy agencies. 

As discussed in the methodology, a survey based on the Delphi method was then sent to 

25 SuMEs based in these stakeholder sectors. 

Fifteen driving forces identified from the research and literature review were outlined and 

respondents were required to rate the probability of occurrence from 0 - 100% by 2035. 

In addition, values from 1-5 were also requested to reflect opinions on the impact of 

PHEVs in the EU company car fleet sector and personal desirability of occurrence. 

For example, one driving force related to ‘Charge stations at most parking spots in public 

car parks [ 90 %], [ 5 ] ,[ 5 ]’ in which one respondent rated the probability at 90% chance 
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of happening by 2035 and felt this driving force had the highest impact on the industry 

and their highest desirability (5 out of 5) as they would very much like this to be realised.  

Feedback on these 15 forces provided more detailed quantitative data. 

Statistical analysis - The first-round survey result was analysed and shown in Table 4.1 

(Probability of occurrence analysis). 

Table 4.1 - Delphi First Round Data 

MEAN SD Projections for 2035 
63 22 1- Battery Technological Leap, The Super Battery is usable and affordable in the EU   

29 19 2- New replacement drive chain like Hydrogen dominates the EU company passenger car market  

67 26 3- V2G, electricity being sold back to the grid is popular 

57 24 4- Recycling electric car batteries at end of life is no longer an environmental issue  

49 33 5- Government financial incentives available for lower emissions cars in most EU countries – e.g. Lower taxes, tax credits, grants, etc.. 

39 30 6- NOx pollution containment using abatement technology is sufficient to maintain diesel as a competitive option  

66 19 7- Renewable electricity energy sources are sufficient in EU to meet PLUG-IN car needs, hence, genuine CO2 savings  

57 31 8- International Electricity interconnectors with the possibility for countries with no renewable energy to purchase it from those that have  

73 30 9- Legislative urban bans allowing only zero emission cars in most EU cities  

84 20 10- Charge stations at most parking spots in public car parks  

25 20 11-Alternative battery swap facility at charge stations on most motorways  

65 27 12- Private domestic charge stations also extracting electricity behind the meter from local renewable sources  

53 25 13- Car sharing in most of the general population  

72 24 14- Company passenger cars are not normally shared so car sharing in not popular in the company car fleet  

49 34 15 - PHEVs are a popular choice for the company passenger car fleet because unlike ICEs, they are allowed in most EU urban ban cities  

 

Standard deviations (SD) and interquartile ranges (IQR) measurements were calculated 

for each of the estimated probabilities and outliers were matched to qualitative feedback 

received. 

The second round of the Delphi survey started when the resulting suggestions were 

provided as anonymous feedback, to the Delphi panel of Subject Matter Experts (SuMEs) 

for them to further comment and adjust their scores from round one.  The adjustments 

were also anonymous and could not be seen by other panellists.  Changes were made by 

11 of 25 SuMEs and only Projection 13 remained unchanged. 

The standard deviation for estimated probability improved for all but six of the 

projections, while the interquartile range improved for just Projections 2, 5 and 15. 

While there remained some ‘holdout’ SuMEs, unwilling to move from partly outlying 

positions, the majority did show increased consensus among the panel, as is typical when 

using the Delphi technique.  
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Figures 4.1 and 4.2 below show the changes to the mean and standard deviations values 

for estimate probability of occurrence. 

 

Figure 4.1:  Mean Percentage Changes 

 

 

Figure 4.2: Standard Deviation Improvements from Round One during the Delphi Process 

 

 

Repeating the process for the final round brought only two minor changes and no change 

to the results statistically.  Table 4.2 outlines the final output from using the Delphi 

method.  
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Table 4.2 - Final Delphi Data 

Projections MEAN % Mean  Standard Deviation SD IQR IQR Impact Desirability 
1 to 15 RN1 RN2 Change RN1 RN2 Change RN1 RN2 Average Average 

1 63 65 2 22 19 -3 30 30 4.4 4.4 
2 29 25 -4 19 15 -4 25 20 3.2 3.2 
3 67 68 1 26 23 -3 30 30 2.9 4.3 
4 57 58 1 24 21 -3 30 30 3.1 4.6 
5 49 47 -2 33 32 -1 65 60 3.4 4.1 
6 39 39 0 30 30 0 50 50 3.7 3.2 
7 66 66 0 19 19 0 30 30 3.4 4.2 
8 57 58 1 31 31 0 60 60 2.5 4.3 
9 73 76 3 30 24 -6 30 30 4.1 3.7 

10 84 85 1 20 15 -5 25 25 3.9 4.8 
11 25 25 0 20 20 0 30 30 3.0 3.0 
12 65 65 0 27 27 0 50 50 3.1 3.9 
13 53 53 0 25 25 0 40 40 3.0 3.7 
14 72 75 3 24 19 -5 20 20 2.8 2.3 
15 49 53 4 34 29 -5 60 55 4.2 3.6 

 

Following completion of the Delphi survey, 9 of 15 projections showed agreement at 

various levels.  The strongest agreement with an average estimated probability score of 

85% was Projection 10 (Charge stations at most parking spots in public car parks by 2035) 

as seen on Table 4.2.  It also revealed high impact on the sector, also shown in Figure 4.3 

and the highest respondent desirability as shown on Figure 4.4.  Projection 9 (Legislative 

urban bans allowing only zero emission cars in most EU cities) scored 76%, and 

Projection 14 (Company passenger cars are not normally shared, so car sharing is not 

popular in the company car fleet) scored 75%, both have strong agreement from the panel.  

However, only Projection 9 had high desirability and high impact on the sector.  

Projection 2 (New replacement drive chain like Hydrogen dominates the EU company 

passenger car market) scored 25% and Projection 11 (Alternative battery swap facility at 

charge stations on most motorways) scored 25%, again strong agreement to disagree this 

time with both projections. 

Consensus in agreement or disagreement with a statement is considered to be achieved if 

the average estimated probability falls outside the area of indecision which is the 25% to 

75% mid-section and stability established with an IQR value of 30 or less (Keeney et al., 

2006).  As can be seen on Table 4.2, Projections 2, 9, 10, 11 and 14 meet these 

requirements for consensus.  The remaining Projections 1, 3, 7 and 12 all scored between 

65-70%, providing agreement but the panel was not so committed to a ‘YES’ vote, and 

so consensus was not achieved.  Projection 1 (Battery Technological Leap, The Super 
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Battery is usable and affordable in the EU) has however, the highest impact on the sector 

and has high desirability as well (see Figures 4.3 and 4.4 below). 

Figure 4.3 The Estimated Probability plotted against Perceived Impact on the Fleet Sector 

 

 

Figure 4.4 The Estimated Probability plotted against Perceived Respondent Desirability 

 

 

The panel feedback scores closer to 50% were Projections 4, 5, 6, 8, 13 and 15, with 5 of 

these 6 within an 8% band from 50%.  Only Projection 6 (NOx pollution containment 

using abatement technology is sufficient to maintain diesel as a competitive option) was 

in the margins at 39%.  That meant that for at least 5 driving forces there was strong 

indecision and dissent among the panel with the greatest dissent on Projection 5 (IQR=60) 
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(Government financial incentives are available for lower emissions cars in most EU 

countries – e.g. Lower taxes, tax credits, cash grants, etc..), Projection 13 (Car sharing in 

the most of the general population) and Projection 15 (PHEVs are a popular choice for 

the company passenger car fleet because unlike ICEs, they are allowed in most EU urban 

ban cities) but yet, strong desire for a positive outcome on 5.  Only Projection 4 

(Recycling electric car batteries at end of life is no longer an environmental issue) was 

seen to be very desirable but was not regarded as having a major impact on the sector, 

however, an IQR value of 30 (Table 4.2) suggests stability in a divergent outcome. 

Other interesting results from the Delphi survey are the higher IQR calculated values 

shown on Table 4.2.  Projections 5, 6, 8, 12 & 15 all have high IQR values which also 

corresponds with high standard deviations values only on those projections.  This 

suggests that some respondents have awarded Estimated Probability scores very divergent 

from the other panellists. 

 

4.1.1 Respondent Impact and Desirability analysis 

Some projections show high Impact on the fleet sector and some panellists have outlined 

a strong desire for some of these projections to happen as seen in Figure 4.3 and Figure 

4.4.  It is important to determine if these views have influenced the estimates put forward 

for probability of occurrence.  Any undetected relationship may compromise respondent 

views and needed to be earmarked for investigation at interview stage.  At interview, 

those panellist opinions can be probed at a deeper level to reveal a better and more 

comprehensive understanding of their true views. 

Projections identified from Figure 4.3 above as having the highest impact include 

- Projection 1 

Projections identified from Figure 4.4 above as having the highest desirability include 

- Projection 1, 4 and 10 

These three projections will be further investigated to determine if either factor have had 

an influence on the estimated probability of occurrence. 
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4.1.2  Bipolarity analysis 

For those projections with an average EP figure between 40% and 60% showing strong 

indecision, it can be useful to examine the distribution to see if perhaps there are two 

groups formed, one in agreement and one in disagreement in a bimodal distribution 

(Warth et al., 2013).  In a bimodal distribution, any mode formed above 60% and another 

formed below 40% suggest two strong opinions for and against the statement in question.  

Visual inspection of the projection distributions showed that only Projections 5 & 15 (See 

Figures 4.5 & 4.6 below) had a bimodal distribution which may explain the near mid 

Mean EP values of 47% & 53% respectively.  Considering this result with the 

corresponding IQR values it could be said, for example, that Projection 15 (PHEVs are a 

popular choice for the company passenger car fleet because unlike ICEs, they are allowed 

in most EU urban ban cities), has both agreement and disagreement at both ends within 

the panel and may explain the result.  Therefore, if diesel fuel still exists then it makes 

sense for some PHEVs to exist given their zero emissions capability in cities, which was 

strongly agreed by the panel in Projection 9 (Legislative urban bans allowing only zero 

emission cars in most EU cities).  On the other hand, Projection 10 strongly suggests a 

good EV infrastructure which means PHEVs are not required if BEVs dominate.  This 

can be further examined during interviews to help establish consensus on Projection 15 

based on just two sets of opinion. 

Figure 4.5 – Projection 15 Bipolarity 

 

To a lesser extent the same is true of Projection 5, (Government financial incentives 

available for lower emissions cars in most EU countries) shown in Figure 4.6 with similar 

statistical values as a whole.  One side is of the opinion that incentives are not needed if 
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EVs are already dominant in 2035, while the other sees a very mixed powertrain model, 

where EV is still at a financial disadvantage and needs governmental incentive to help the 

environmental technology succeed.  Again, a two-sided argument which can be examined 

further during interview. 

Figure 4.6 – Projection 5 Bipolarity 

 

 

4.1.3     Wildcard Scenarios 

Wildcard scenarios are those with a low estimated probability of occurrence but have 

been deemed to have a high impact if it occurred (Linz, M., 2012).  In this case, 

Projections 2 (New replacement drive chain like Hydrogen dominates the EU company 

passenger car market) and 11 (Alternative battery swap facility at charge stations on most 

motorways) fall into this category as seen in Figure 4.3.  Such ’Wildcards’ are important 

to investigate further at interview stage so the reasons for their dismissal are fully 

understood.  If either projection were to become a reality, the effects would be 

considerable as the impact figures suggest.  As a result, the following ‘Wildcards’ are 

suggested for inclusion at interview stage based on quantitative data and also on 

qualitative comment. 

• Hydrogen becomes more economical to produce and store leading to dominate 

the car industry 

• Battery swap stations become more popular than charge stations reducing the 

reenergise time to that of a diesel or petrol car 
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4.1.4 Delphi Summary Outcomes  

Having analysed the quantitative results and applied statistical reasoning, the projections 

can be divided as follows: 

Projections 2, 9, 10, 11 and 14 shows consensus among the panel.  All agree on the 

projections outlined in the Delphi Survey, except Projection 2 where the panel consensus 

is to disagree with that statement.  Projection 11 shows consensus in a ‘No’ opinion. 

The remaining projections by default are considered to not have achieved consensus.  

Projections 5 and 15 have bimodal distributions showing disagreement among the panel 

but are not undecided.  Two approximately equal sized groups either agree or disagree 

with these two projections. 

Projections 1, 3, 7 and 12 do not fulfil the consensus criteria but have the next level of 

agreement among the panel with EP values between 65% and 70%.  Apart from 12, all 

these projections have IQR values of 30 or less suggesting some stability in these results. 

Projections 4 and 13 are undecided with no significant statistical criteria other that 

projection 4 having high average desirability among panellists. 

Projections 6 and 8 are marginal.  Projection 6 is close to a ‘No’ decision (EP 39%) and 

Projection 8 contains some outlier comments resulting in a high IQR value.  These 

comments are absolute, either agreeing or disagreeing 100% to (International Electricity 

interconnectors with the possibility for countries with no renewable energy to purchase it 

from those that have).  The majority view is that some interconnectors will exist, not for 

all countries but all panellists agree that interconnectors have no impact of the sector. 

Projection 4 (Recycling electric car batteries at end of life is no longer an environmental 

issue) has a Mean probability of 58% with many comments in favour of the statement 

like ‘I can´t imagine that the battery disposal is an issue by then’ or ‘Batteries will be 

recycled as power storage units but they may ultimately have disposal fees attaching’.  

There are in fact no comments disputing Projection 4, so there are indications of 

agreement here.  However, Projection 6 (NOx pollution containment using abatement 

technology is sufficient to maintain diesel as a competitive option) has a Mean value of 

39% perhaps suggesting disagreement with this statement but comments such as ‘The 

auto industry will have discontinued the production of diesels so they won’t feature as a 

passenger car drive train’ contrasting with ‘At this stage the only reason for a complete 

switch between ICE to PHEV or an alternative would occur if we run out of the ability to 
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produce petrol or diesel.  Otherwise, far too many powerful organisations lose too much 

money’ and ‘In my opinion there will be no huge funding to aid stopping the use of fossil 

fuels’.  So clearly there is much disagreement on the future of diesel. 

 

4.2 Delphi Outputs forming qualitative inputs to the Interview process 

To synchronise the results by combining more qualitative comments with quantitative 

data and produce Delphi outputs, the fifteen driving forces or projections examined 

during the survey are discussed and outlined next in subsections 4.2.1 to 4.2.15. 

Following discussion on each of the fifteen projections, questions were generated to form 

part of the interview guide shown in Appendix III, before analysis of the interview 

transcripts begins in section 4.3. 

 

4.2.1 Projection 1 - Battery Technological Leap, The Super Battery is usable and 

affordable in the EU 

Projection 1 is divergent, all be it not a strong divergent result, suggesting possibilities to 

resolve it during the interview process.  While there is no consensus among the Delphi 

panel regarding a battery ‘leap’, there is however, some level of agreement with the 

statement, given that 65% estimated probability (EP) score was attained.  Projection 1 has 

the highest impact on the sector and has high desirability as well (Table 4.2.1), which 

needs further investigation at interview stage. 

Table 4.2.1 Projection 1 

MEAN % Mean  Standard Deviation SD Impact Desirability 
RN1 RN2 Change RN1 RN2 Change Average Average 
63 65 2 22 19 -3 4.4 4.4 

 

Comments such as, ‘Existing battery advancement is sufficient, so no ‘Leap’ is 

commercially needed’ or ‘If ’Leap’ technology appears it will be from another sector and 

not cars’ suggest that most believe this is already happening.  Even though a ‘Super 

battery’ is unlikely to materialise, the advancements in existing battery technology will 

provide the technological ‘Leap’ required.  As a result there will be no willingness to pay 

more for a ‘Super battery’, even if it exists before 2035, once 600km charge range is 

achieved. 
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Therefore, the relevant clarification questions going into the interview stages are: 

(1) Do you think car owners would pay additional money for additional mileage range 

(Range extender) and why? 

(2) What do you believe that range to be and will it be achieved by 2035? 

(3) Is there no longer need for a super battery capable of say 1000+ km range? 

(4) Do you feel the impact on the fleet sector or your desirability for this to happen has 

influenced your opinion here? 

 

4.2.2 Projection 2 - New replacement drive chain like Hydrogen dominates the EU 

company passenger car market 

There is consensus to disagree with this statement and an EP of 25% (Table 4.2.2), 

meeting the minimum requirement for consensus.  The majority have said that Projection 

2 will not happen due to infrastructure limitations and no real advantage over a BEV with 

a 600 km range.  Hydrogen is more likely to be seen in public transport and in buses and 

trucks.  Comments such as ‘EVs have too much of a head start.’ or ‘Infrastructure costs 

are too high compared with electric’ support an anti-hydrogen projection by 2035. 

Table 4.2.2 Projection 2 

MEAN % Mean  Standard Deviation SD Impact Desirability 
RN1 RN2 Change RN1 RN2 Change Average Average 
29 25 -4 19 15 -4 3.2 3.2 

 

Therefore, questions to confirm Projection 2 are: 

(1) Do you think Hydrogen infrastructure will not be built out sufficiently into a useable 

network and hydrogen cars will be uneconomic for most drivers and why? 

(2) Are there any circumstances in which you see Hydrogen succeeding by 2035? 

(3) What impact would a hydrogen car have on the fleet sector if it were to be successful?  

These last two questions address the ‘Wildcard impact’ from the wildcard scenario 

analysis in section 4.1.3. 
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4.2.3 Projection 3 - V2G, electricity being sold back to the grid is popular 

There is no consensus among the panel for Projection 3 and hence, it is divergent but 

there is a good level of agreement with the statement, given an EP of 68% (Table 4.2.3).  

The panel believed that this facility will be available, but not everyone will use it as 

defined by the following quote from a transcript, ‘Will be available as not difficult to 

implement but will not be necessarily used by everyone as the financial benefit not likely 

to be significant’.  The panel did not think this statement was impactful upon the business 

but desirability at 4.3 is significant (Table 4.2.3), so worth investigating in interview why 

a relationship to the stakeholder may exist. 

Table 4.2.3 Projection 3 

MEAN % Mean  Standard Deviation SD Impact Desirability 
RN1 RN2 Change RN1 RN2 Change Average Average 
67 68 1 26 23 -3 2.9 4.3 

 

Resulting questions are: 

(1) Do you think Plug-in EVs will be capable of V2G and selling electricity back to the 

grid, but less advantageous electricity unit prices will not encourage many to actually do 

it?  Reasons why? 

(2) Why is V2G not impactful upon the fleet sector? 

(3) Do you think your desirability to have this bidirectional infrastructure has influenced 

your judgement? 

 

4.2.4 Projection 4 - Recycling electric car batteries at end of life is no longer an 

environmental issue 

Projection 4 is a divergent statement from the Delphi study with an EP score of 58% as 

seen on Table 4.2.4.  The panel felt the statement was not impactful to the sector but was 

very desirable which lead to further questioning being included in the interview guide as 

seen in Appendix III.  Only less than half believed the battery recycling problem can be 

solved and the rest see it as a big issue for the future. 
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Table 4.2.4 Projection 4 

MEAN % Mean  Standard Deviation SD Impact Desirability 
RN1 RN2 Change RN1 RN2 Change Average Average 
57 58 1 24 21 -3 3.1 4.6 

 

Many comments were in favour of the statement like, ‘I can´t imagine that the battery 

disposal is an issue by 2035’ or ‘Batteries will be recycled as power storage units, but 

they may ultimately have disposal fees attaching’.  In fact, there are no comments 

disputing Projection 4, so there were indications of agreement here but needed to be 

examined further by interview starting with: 

(1) Will Battery recycling for environmental protection be compulsory or possible by 

2035 and is there a disposal fee at battery end of life?  Why? 

(2) Why do you think this projection is not impactful on the fleet sector? 

(3) Do you think battery recycling desirability has influenced your view here? 

 

4.2.5 Projection 5 - Government financial incentives are available for lower 

emissions cars in most EU countries - E.G. Lower taxes, tax credits, cash 

grants, etc., 

This is also a divergent projection with slightly over half the stakeholders believed that 

incentives will be completely eliminated by 2035, but the remainder thought some kind 

of incentives will remain, hence an EP of 47% (Table 4.2.5).  There were also outlier 

comments in disagreement with the statement which corresponded to the high IQR value 

of 60 (Table 4.2) and high standard deviation at 32 (Table 4.2.5). 

Table 4.2.5 Projection 5 

MEAN % Mean  Standard Deviation SD Impact Desirability 
RN1 RN2 Change RN1 RN2 Change Average Average 
49 47 -2 33 32 -1 3.4 4.1 

 

Despite this, the majority of panellists were split between agreeing or disagreeing and is 

Bimodal on the Bipolarity test in section 4.2.2.  The statement is also seen as a desirable 

outcome with a score of 4.1 (Table 4.2.5).  Further investigation by interview was 

required to understand this complex result, starting with: 
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(1) Will Governmental financial incentives such as tax credits, cash grants, etc., mostly 

disappear during the 20’s?  Why? 

(2) Do you think any geographical areas in Eastern Europe or elsewhere will still 

encourage EV adoption by providing government aid for BEVs and or PHEVs?  Why? 

(3) If you find this a desirable projection, do you think your opinions may be skewed a 

little? 

 

4.2.6 Projection 6 - NOx pollution containment using abatement technology is 

sufficient to maintain diesel as a competitive option 

Yet this was another divergent projection but close to a ‘No’ decision overall at 39% EP 

(Table 4.2.6).  Most of the panel thought that diesel will slowly disappear by 2035, not 

only for pollution reasons but cost, availability and political reasons will also push diesel 

out.  A small number of the panellists believed diesel will remain.  There are some outliers 

with a standard deviation value of 30 (Table 4.2.6), which is a little on the high side.  In 

order, to clarify a number of topics that arose, more time needed to be afforded to this 

projection during the interview process. 

Table 4.2.6 Projection 6 

MEAN % Mean  Standard Deviation SD Impact Desirability 
RN1 RN2 Change RN1 RN2 Change Average Average 
39 39 0 30 30 0 3.7 3.2 

 

The relevant questions are: 

(1) Do you think the auto industry will have discontinued the production of diesel cars 

for passenger car drive chains by 2035?  Why? 

(2) Could it be that the only reason for a complete switch between ICE to PHEV or an 

alternative would occur, if we run out of the ability to produce petrol or diesel? 

(3) Do you think there are other reasons why diesel could remain dominant in 2035? 

(Government tax funding and financial ROI affordability reasons, perhaps?) 

(4) Do you think diesel will be maintained in Eastern Europe or elsewhere in EU as diesel 

becomes cleaner with reducing NOx pollution? (The CO2 emissions may be accepted for 

certain applications and where renewable electricity is not available). 
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4.2.7 Projection 7 - Renewable electricity energy sources are sufficient in EU to 

meet PLUG-IN car needs, hence, genuine CO2 savings  

Projection 7 is also divergent with an EP of 66% but the statement is also desirable among 

much of the panel with a score of 4.2 (Table 4.2.7). 

Table 4.2.7 Projection 7 

MEAN % Mean  Standard Deviation SD Impact Desirability 
RN1 RN2 Change RN1 RN2 Change Average Average 
66 66 0 19 19 0 3.4 4.2 

 

Most believed that Projection 7 will happen because it has to, not just for the car industry 

but for global environmental and economic reasons too.  Comments in support of this 

were: ‘note EVs are more energy efficient in the first instance, so they produce “genuine” 

CO2 savings but only with renewable energy’ and ‘Humanity needs to reduce drastically 

its CO2/NOx and particle matter footprint.  That won’t be possible without electric cars’, 

or on the other hand, ‘In my opinion there will be no huge funding to aid stopping the use 

of fossil fuels, time and time again we hear of numerous organisations that have 

discovered new found renewable energy sources and yet they never receive the desired 

funding, they never develop past testing stages with many rumours of patent purchasing 

in the early stages’. 

Therefore, the questions to ask are: 

(1) Do you think renewable energy to be sufficient to support all plug-in cars in EU in 

2035, given how far off target we are currently?  Why? 

(2) Is renewable energy just promoted by climate action initiatives during the 20’s with a 

view to saving the planet or is there real funding desire to go fully renewable for global 

environmental, economic reasons? 

(3) Do you think your opinions may be influenced by your desirability for renewable 

energy? 
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4.2.8 Projection 8 - International Electricity interconnectors with the possibility 

for countries with no renewable energy to purchase it from those that have  

With an EP of 58% (Table 4.2.8), projection eight is divergent.  Only a little over half the 

panel believed that this projection will happen but yet had a desire (score of 4.3) that it 

would happen, admitting that the presence of interconnectors between states has little 

impact on the plug-in vehicle sector, which is reflected in an impact score of 2.5 (Table 

4.2.8). 

Table 4.2.8 Projection 8 

MEAN % Mean  Standard Deviation SD Impact Desirability 
RN1 RN2 Change RN1 RN2 Change Average Average 
57 58 1 31 31 0 2.5 4.3 

 

The standard deviation is high at 31 due to outlier comments also resulting in a high IQR 

value of 60 (Table 4.2).  These comments were absolute, either agreeing or disagreeing 

100%.  The majority view was that some interconnectors will exist but not for all 

countries.  Other comments stated, ‘Interconnectors between countries seems (at the 

moment) less likely due to cooperation needed between countries and potential cost of 

infrastructure’ or ‘Electricity interconnector trading between European states can be 

politically and infrastructurally problematic’. 

Therefore, a suitable question is: How does it matter to the future of EVs or PHEVs if 

interconnectors are not common within the EU and how will countries with no capability 

or access to renewable electricity still adopt plug-in cars over ICEs?  This question 

addresses the low impact, while also explaining the desirability of the statement. 

 

4.2.9 Projection 9 - Legislative urban bans allowing only zero emission cars in most 

EU cities  

There is consensus among the panel regarding Projection 9, scoring 76% for EP and 4.1 

for impact (Table 4.2.9), which is not a real surprise, given the comments collected. ‘It’s 

already happening’ or ‘It will be EU law’. 

Table 4.2.9 Projection 9 

MEAN % Mean  Standard Deviation SD Impact Desirability 
RN1 RN2 Change RN1 RN2 Change Average Average 
73 76 3 30 24 -6 4.1 3.7 
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Questions to confirm and clarify these opinions were put forward to the interview guide 

but also to obtain a better understanding of banning legislation as it applies to PHEVs and 

the geographical application across the EU.  Questions were identified as: 

(1) Why Zero emission cars must be used in urban areas of Europe by law and if PHEVs 

will be accepted in the city?  This is to triangulate and contribute to understanding 

projection 15 also. 

(2) Will this also be the case across all EU including in Eastern Europe? 

 

4.2.10 Projection 10 - Charge stations at most parking spots in public car parks  

This projection has the highest consensus and desirability scores of all fifteen projections 

with an EP of 85% and a desirability average score of 4.8 (Table 4.2.10).  Everyone was 

in agreement with this statement.   

Table 4.2.10 Projection 10 

MEAN % Mean  Standard Deviation SD Impact Desirability 
RN1 RN2 Change RN1 RN2 Change Average Average 
84 85 1 20 15 -5 3.9 4.8 

 

Therefore, only the confirmation of consensus is required, and, if desirability needs to be 

questioned, hence the questions put forward to the guide are: 

(1) If charge points were not available at public parking spots, would plug-in cars 

(including PHEV) be prevented from disrupting the ICE?  Why? 

(2) Do you think your desire to have a charge point at every public parking spot has 

influenced your opinion here? 

 

4.2.11 Projection 11 - Alternative battery swap facility at charge stations on most 

motorways  

For this projection, there was consensus to disagree with the statement.  Almost everyone 

believed there will no network of battery swap stations and no requirement for them.  

Results on Table 4.2.11 outline a stable consensus from the panel with neutral scoring of 

impact and desirability. 
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Table 4.2.11 Projection 11 

MEAN % Mean  Standard Deviation SD Impact Desirability 
RN1 RN2 Change RN1 RN2 Change Average Average 
25 25 0 20 20 0 3 3 

 

However, the ‘battery swap’ projection was considered for wildcard scenario analysis in 

section 4.1.3.  Therefore, the interview process needs to engage in wildcard scenario 

investigation, with a more detailed discussion on the potential impact on the sector, if the 

panel were proved wrong.  As a result the questions put forward to the interview guide 

are: 

(1) Why do you think battery swap facilities are not necessary? 

(2) Would it have a big impact on fleet if it were to be successful?  Why? (Wildcard) 

(3) Is the current rate of progress that battery technology is having, preventing ‘Battery 

Swap’ technology and infrastructure being developed everywhere in EU? 

(4) If even some battery swap facilities were currently available in EU like in Asia, would 

it change your opinion?  (Wildcard) 

 

4.2.12 Projection 12 - Private domestic charge stations also extracting electricity 

behind the meter from local renewable sources  

Projection 12 is divergent, showing an EP of 65% (Table 4.2.12).  However, the majority 

of the panel believed that this projection will happen, but it will not be possible to 

implement at every location, hence the comment, ‘it won’t be possible to have local 

generation at every charge site due to lack of space and planning regulation especially 

in urban areas’. 

Table 4.2.12 Projection 12 

MEAN % Mean  Standard Deviation SD Impact Desirability 
RN1 RN2 Change RN1 RN2 Change Average Average 
65 65 0 27 27 0 3.1 3.9 

 

The questions for interview are: 

(1) Why does ‘behind the meter’ charging capability not have an impact of the fleet 

sector? 
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(2) Will ‘Behind the meter’ charge stations only be common in the rural and suburban 

areas, not in urban areas?  Why? 

(3) Could this be important to EU countries that have little national renewable energy and 

no interconnector? 

 

4.2.13 Projection 13 - Car sharing in most of the general population  

Again a divergent projection, showing and EP of 53% (Table 4.2.13).  There were very 

mixed feelings about car sharing in the general population, with very few strong views 

either way. 

Table 4.2.13 Projection 13 

MEAN % Mean  Standard Deviation SD Impact Desirability 
RN1 RN2 Change RN1 RN2 Change Average Average 
53 53 0 25 25 0 3 3.7 

 

However, somewhat desirable among panellists was that car sharing would be available 

but there was no strong feeling that it will or will not significantly develop.  A few 

comments worth following up at the interviews which related to positioning and 

reasoning, such as ‘it will not be widespread but in individual mainly urban pockets 

throughout the EU’. 

Therefore, further questions are: 

(1) Why is Car sharing not popular in EU? 

(2) Is it popular in some regional pockets of Europe only? 

(3) Why is car possession still very popular throughout Europe and will that remain the 

trend in 2035? 

 

4.2.14 Projection 14 - Company passenger cars are not normally shared so car 

sharing in not popular in the company car fleet  

There was good consensus to agree with this statement in Projection 14, with an EP value 

of 75% (Table 4.2.13).  Almost everyone on the panel agreed that car sharing would not 

be popular with fleet cars and a few could see only niche companies being able to achieve 



108 
 

medium to high levels of company car sharing.  Comments related to ‘only certain 

companies with local journeys could make this work to any significant degree, it wasn’t 

workable for most companies’. 

Table 4.2.14 Projection 14 

MEAN % Mean  Standard Deviation SD Impact Desirability 
RN1 RN2 Change RN1 RN2 Change Average Average 
72 75 3 24 19 -5 2.8 2.3 

 

Therefore, the questions for interview concentrated on confirming the consensus and 

understanding the implications, if any, for PHEV: 

(1) Why is car sharing not likely for company cars in 2035? 

(2) How might car sharing, affect PHEV adoption? 

 

4.2.15 Projection 15 - PHEVs are a popular choice for the company passenger car 

fleet because unlike ICEs, they are allowed in most EU urban ban cities  

This final projection is divergent with an EP figure of 53%, but impactful on the fleet 

sector with a score of 4.2 (Table 4.2.15).  There were also outlier comments and a high 

standard deviation value of 29 that corresponded with a high IQR value of 55 (Table 4.2).  

Just under half of the panel stated that PHEVs will not exist and only a few panellists felt 

strongly that PHEVs will still have a part of play in fleet requirements, because carbon 

fuels will still be used in 2035. 

Table 4.2.15 Projection 15 

MEAN % Mean  Standard Deviation SD Impact Desirability 
RN1 RN2 Change RN1 RN2 Change Average Average 
49 53 4 34 29 -5 4.2 3.6 

 

Both divergent views and outlier comments were generally either in strong agreement or 

disagreement with this statement and this is evident when viewing the bimodal effect seen 

on the Bipolarity bar chart (Figure 4.5).  Comments such as – ‘it is very likely that the 

TCO is much better than for an ICE especially if the purchasing price goes down.  With 

high range the need for PHEV would also be gone’ or ‘The PHEV is an important option 

in the early days of EV development, but will become redundant as charging 

infrastructure and BEV driving range become expanded’ or ‘PHEV is not a viable option 
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anymore once EVs can cover 1000 km with one charge’ or ‘I see PHEV as a bridge 

technology to cover the period of time until EVs can offer the same range as ICEs.  I don´t 

believe that ICE play any role anymore in 2035’ or ‘Plug-in hybrids will probably 

disappear being very expensive from an engineering perspective.  If a full EV doesn’t suit 

your needs by then (with batteries on a normal car probably sitting in a range of 100kwh 

to 150kwh) you are probably better off with a diesel anyway’ or ‘PHEVs will still exist 

especially where charging infrastructure is sparse’ or ‘EV charging infrastructure is poor 

in parts of Eastern Europe, some PHEVs are still in use where city emission laws still 

permit PHEVs in electric mode’ or ‘ICEs will still exist alongside BEV so we can assume 

that PHEV has also a role to play’. 

For the interviews, this projection in particular is very important to investigate at length 

given the complexity and the central importance it has.  Therefore, the questions for the 

interview guide on Appendix III are: 

(1) What function will PHEVs fulfil in EU by 2035?  Why? 

(2) Might they be used in Eastern Europe? 

(3) Why do you think PHEVs will not be used for fleet passenger cars by 2035? 

(4) Will PHEVs just be the bridging drive chain between ICEs and BEVs and if so, will 

this bridging still be required in 2035?  This final question is linked to Projection 9 and 

establishes if PHEVs will be legally acceptable as a zero-emission vehicle in urban areas 

under EU environmental law. 

Appendix III shows the interview guide that was used to generate the transcripts from the 

semi-structured interviews that take place and on which the thematic analysis is 

completed.  Results from the thematic analysis is now outlined next in section 4.3. 

 

4.3 Results from Thematic Analysis of the Semi-Structured Interview 

Transcripts 

Based on the transcripts of fifteen semi-structured interviews, thematic analysis is used 

to identify themes and follow these to generate results output.  Each theme outlined, is 

explained in relation to the views held by interviewees and is also compared with the 

quantitative results from the Delphi survey, before alignment with the relevant research 

objectives. 
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The main headings are discussed in the following five sections; this qualitative analysis 

is aligned with the quantitative Delphi statements and research objectives as outlined 

below: 

1) Battery – aligned with Delphi statements 1, 4 & 11 and research objective 1. 

2) Charging Infrastructure – aligned with Delphi statements & 3, 7, 8, 10 & 12 

and research objective 3. 

3) Governmental Influences including financial incentives and legislative bans – 

aligned with Delphi statements 5, 9 & 15 and research objectives 4 & 5. 

4) Alternative drive chains to electric – aligned with Delphi statements 2 & 6 and 

research objective 2. 

5) Car Sharing affects – aligned with Delphi statements 13 & 14 and research 

objective 6.  
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4.3.1 Battery Themes 

Figure 4.7 shows the key themes emerging from interviews regarding the EV battery. 

Figure 4.7 – Battery Theme Map 

 

 

These themes are discussed with a view to understanding one of the major challenges 

faced by electric cars today, which is mileage range.  How far a car can travel after 

charging is determined by the electricity capacity of the battery.  This is the first research 

objective. 
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Currently, there are no batteries developed that can match the mileage range of a 

conventional diesel car, yet there has been progressive development of battery technology 

in the past few years.  The key themes emerging as shown in Figure 4.7 are: 

• Super Battery (or Super Cell) 

• Range Anxiety 

• Recharge Time 

• Battery Recycling 

• Battery Swap Technology 

 

Super Battery is an interesting theme to begin with.  Results from the Delphi survey 

showed agreement, but not consensus, on an opinion that the ‘Super Battery’ or ‘Super 

Cell’ would not transpire by the year 2035.  Without consensus there remained some 

doubt about future battery capability, but with further qualitative analysis using a semi-

structured interview, results confirmed that two key sub themes explain the outcome, see 

Figure 4.7. 

(1) The cost of a super battery and (2) the rate of existing battery development negated 

the need for such a high-performance battery.  The following quote from one 

interviewee’s transcript outlined a common view held by many on the panel: 

‘...it would be very, very expensive developing such a super battery.  Because what’s the 

additional point having, let’s assume, 2,000 km range, that won’t sell more cars, no 

doubt.  300, 400, 500 km are probably sufficient.’ (Manufacturer) 

While the mileage ‘range anxiety’ is another theme that is discussed shortly, these results 

have established that once the electric vehicle range approaches that of a petrol car, then 

that range will be considered acceptable.  That view, together with the additional cost of 

an unnecessary larger and much more expensive battery, provides no impetuous for 

further research funding of a super battery, at least not for an automotive application. 

A key latest development made during the time between when the quantitative and 

qualitative analysis was being carried out was the battery range achievements of electric 

car company ‘Tesla’.  They have recently confirmed a consistent range of more than 
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500km.  A further quote from another transcript provides support that this world leading 

electric car company is not pursuing a super battery. 

‘…we actually have been working with Tesla closely in terms of future partnership 

opportunities, and we get a lot of data and stats from them, from their everyday consumers 

of the Tesla the mid-level model and we have not heard about demand for a higher battery 

capacity aka a super-battery.’ (Lessor) 

Therefore, existing battery technology appears to be sufficient to meet the requirements 

of the auto industry even well before the research target of 2035.  Other relevant 

comments, extracted during the interviews, also pointed at the weight to efficiency ratio 

of such a battery would not be viable.  Even if a super battery was developed it would 

‘crash’ the local charging network, since it would be unable to supply such a vast amount 

of electricity to so many large capacity batteries all at one time.  It can therefore be 

confidently assumed that there is no longer a need for a ‘super battery’ in the automotive 

sector. 

 

Range Anxiety is the next theme identified through the qualitative thematic analysis of 

the interviewee battery discussion.  Quotes such as ‘There is a fear you get low in 

electricity and low battery’ or ‘The transition to battery electric vehicles as introduced a 

new emotion which is range anxiety’ were frequently encountered opinions expressed by 

interviewees in respect of EVs.  Deeper examination of the range anxiety theme was 

developed into four further sub themes, namely: 

(1) Acceptable Range and driver requirements 

(2) Range Extenders 

(3) Technology Improvements 

(4) Relaxed EV driver or EV driver culture 

These sub themes could possibly be potential solutions to driver range anxiety.  As shown 

on Figure 4.7, driver requirements and acceptable range are determined by the size of car 

and / or the location of the driver’s home or work.  If the location is rural, typically the 

driving distances are greater and if passenger requirements are for families, then the car 

size needs to be larger.  An acceptable range can therefore be guided by small to large 

cars depending on user requirements.  Most interviewees seemed to converge on an 
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average figure of 300km as an acceptable range for a small car, ‘small vehicles like the 

Renault ZOE, 300 to 350km is more than enough’ and on upper end the range goes up to 

600km on average, ‘when we talk to OEMs, they tell us that they don’t expect it to reach 

more than 600km on the battery range’. 

‘Range Extenders’ is a term and sub theme that frequently came up in conversations about 

range anxiety.  A range extender is simply a larger battery than an EV would normally be 

supplied with.  Requesting an EV with a range extender (if available) would of course be 

more expensive and the obvious question to ask panellists was, if they would be willing 

to pay for it.  The answer was ‘No’, ‘Absolutely not’, ‘We are not willing to pay more for 

a range extender’. 

From a company car perspective, ‘I think that they would not be willing to implement a 

change that didn’t reduce the overall TCO’, meaning the company fleet manager would 

not allow the total cost of ownership (TCO) of a company fleet car to increase just to 

extend the driver range.  Examining this in more detail revealed that once the car was 

capable of reaching an acceptable driving range (300km to 600km) then, recharging was 

a better option on the few occasions needed rather than always carrying around and 

paying for a heavier less economic larger battery. 

The overriding answer was ‘No’ to a range extender apart from a few situations where 

car buyers purchased the first available EVs a few years ago that had very short ranges 

compared to now.  This strategy is already being practiced by Volkswagen who plan to 

launch their all new EV range of cars called ‘ID’ with three different battery ranges and 

driving features to suit.  The driver can decide which car best suits their driving 

requirements or acceptable range before purchase so therefore a range extender will not 

be available. 

For the third sub theme, ‘Technology Improvements’, is the broad term used to identify 

new technologies that not only are continuously improving the battery capacity but also 

aid the management of the journey using satellite navigation to plan any road trip based 

on the remaining electricity in the battery co-ordinated with a map of the charging 

infrastructure network in the area of travel.  The following extract from one transcript 

explained: 

‘…the navigation systems have an integrated forward-looking system, where they tell you, 

hey, this is the rest of range, and there’s the next charge station, and now we’re empty.’ 

(Lessor) 
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Technology is a key consideration when considering future scenarios relating to battery 

development and its effects on the EV sector.  The next quote typified the battery 

improvements we have seen in the past couple of years and provided a useful input to this 

research considering it relates to the possible future of PHEV: 

‘Over the last six years, in the last one year, the newest or current battery has now 120 

amperes, so basically it has twice the power, and therefore twice the range.  That was 

already sufficient for BMW to stop offering the i3 as a plug-in hybrid.  So in the past when 

the car was originally launched, because the battery performance wasn’t massively good, 

the decision was made to offer the i3 as a fully electric car.’ (Manufacturer) 

So, it is clear that technology improvements will provide some of the key solutions to 

range anxiety going forward and will determine the drive chains of the future. 

The final sub theme considered regarding range anxiety is ‘EV driver culture’.   While 

this is a more ‘soft’ theme in comparison to the very tangible ones discussed above, 

nevertheless a very real contributor to the potential success of car electrification in the 

EU and worldwide. 

The change in driver behaviour when driving an EV for a few weeks was mentioned by 

almost all interviewees.  Without the sounds of an engine there is a calmer feel to driving 

an EV.  One of the car leasing interviewee transcripts stated ‘…feedback from the drivers 

that they’re already in such a car, that you change your driving behaviour.  You drive 

slower, you drive calmer’.  Maybe we also do not manage the car as much as we might 

think as another interviewee explained, ‘you realize after one or two months the vehicle 

is not charged every day, but once every four or five days’.  It seems that people and 

drivers may also adapt to their cars, taking advantage of new technology but also adjusting 

to the limitations as the following interviewee outlined: 

‘…on a skiing trip our boss used his Audi eTron and he said there is no such thing as a 

limited mobility.  If you allow your mind to adapt, it works.’ (Lessor) 

Driving culture is also being influenced by changing road legislation, especially in EU 

countries.  A common opinion among the panel of interviewees on how EVs are driven 

said, ‘...it very much depends on geographical location around the world and it depends 

on geographical locations within those countries and those cars’. 

While charging infrastructure is also a key EV parameter here and is discussed later, the 

other key player is the speed at which we drive on the road.  The faster we drive, the more 
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energy we consume, and our range is shortened but other concerns such as the 

environment (also discussed in more detail later) force governments to introduce new 

laws as the following interviewee described: 

‘Of course, 300 km is still subjective.  300 km in Germany at a speed of 200 km/h means 

you need a huge battery.  The Netherlands just introduced a 100 km/h limit on the highway 

to keep their nitrogen levels under control, which means you can basically get 300 km 

with any standard EV that is on the market right now.’ (Sales Director) 

Some countries, like The Netherlands who are eager to prevent climate change and so are 

motivated to introduce car electrification, are introducing laws that help ease if not 

eliminate the relatively new problem of EV range anxiety. 

 

Recharge Time is an important theme that reoccurs frequently in the interview 

discussions.  It appears most often when discussing the charging infrastructure, since the 

charging stations need to be available and capable of supplying enough electricity in a 

short time to charge the EV battery.  However, there is an expectation on the battery 

technology itself to develop and meet the demands of the EV driver by 2035.  Feedback 

from the panel suggested: 

‘The technology will improve in the charging time, but that will be the key element in the 

2035 factor and the success of the electric vehicles in the future.  Especially, for fleet 

vehicles that need to be on the road every day and need to charge very, very fast.’ 

(Engineer) 

The key parameter to success will be making the ‘recharge time’ similar to the ‘refuel 

time’ of an ICE currently.  Currently, panellists suggested that it takes a minimum of 25 

minutes for the latest battery technology to charge to 80% capacity.  Say that it takes on 

average less than 5 to 10 minutes to refuel an ICE, then it appears there is quite a gap to 

close.  Did the panellists believe the gap will close before 2035? 

The popular opinion is that the battery technology will exist to meet this time requirement.  

A quote from one interviewee typified the panel belief, ‘…with the rate of battery tech 

improvement and in preparation for the bigger electric car volume, you will also be able 

to charge in less time than having a cup of coffee’.  For the longer journeys and larger 

cars with bigger batteries it also seems acceptable that charging may take up to 20 

minutes: 
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‘Meaning they are to be able to charge at more than 1500 kilowatts per hour.  Meaning 

that with those vehicles, you will be able to charge from 0% to 80% in less than 20 

minutes.  That’s the key element.  Those vehicles are used by the driver for long journeys.’ 

(Technical Director) 

Therefore, from a battery technology recharging time perspective, there appears to be no 

barrier anticipated to EV prominence by 2035. 

 

Battery Recycling is an environmental responsibility and a potential cost to the 

stakeholders involved during the lifetime of the battery.  Quantitative results from the 

Delphi survey outlined divergent views, if the battery could really be fully recycled by 

2035 but being 100% recyclable also scored highly desirable amongst the panel 

participants.  As a result, the interview guide questions on this issue concentrated on 

probing desirability and understanding the indecision on future recycling capability.  

Interview discussions led to two main sub themes emerging. (1) 2nd life use for the battery 

after it could no longer efficiently power an EV and (2) the responsibility on the car 

manufacturer to design the management of battery recycling and disposal costs, if any. 

A 2nd life use for an EV battery which has reduced capacity of 70% to 80% following 

eight to fifteen years onboard an EV was supported by the entire panel.  By 2035, a 2nd 

life use as electricity storage either for public utility or domestic purposes is seen as a way 

to extend battery useful life of twenty years before it is finally recycled, ‘what we see is 

that the lifecycle of a battery is about 20 years’. 

‘…the batteries are taken out of vehicles, but then reused for storage in solar power plugs 

or buildings or things like that, the storage capacity on those vehicles will be quite strong, 

therefore, a normal release of power.  Not strong enough for power that’s required for 

vehicles, but for other purposes that could certainly get a second lease of life.’ (Sales 

Director) 

As the world strives to generate ‘green’ sources of energy, many of these sources are only 

available at limited times such as wind and solar energy.  Continuous and stable power 

can only be provided if the electricity generated can be stored for release when the energy 

source is no longer available.  The 70% battery capacity of a used EV battery fits this 

storage application perfectly.  This secondary use is also the solution the EV industry 

needs to succeed as outlined by one panellist, ‘there will be is a submarket which actually 
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has got to happen.  If it doesn’t happen, then the electric vehicle industry is going to die 

because I don’t think it’s going to be classed as an environmental stable vehicle’. 

Once the battery reaches the end of useful life following a 2nd or even 3rd life use as a 

storage device, it must be disposed of and recycled.  For the EV manufacturers to ensure 

the success of car electrification, one influencing factor that must be solved is end of life 

recycling through battery design.  The following panellist reference from the car industry 

has stated: 

‘…it’s definitely the responsibility of the manufacturers to make sure the batteries are 

used in a second life and designed to be recycled in the proper way; that can’t be the 

responsibility of the driver.’ (Manufacturer) 

Many interviewees also said that designing a recycling battery makes economic sense 

since many of the elements used to make the battery are expensive metals and are 

worthwhile recovering to reuse, ‘it could actually be something where you can make 

money, as well.  So, don’t forget that the battery elements are all largely expensive’. 

Overall, the interview panel discussion revealed much more agreement that the Delphi 

survey did, especially on battery reusability and subsequent uses following EV use.  

Thematic analysis of the transcripts also outlined a theme of OEM ownership for 

recycling battery design and the importance to the industry of achieving 100% recycling 

well before 2035. 

Given the average company fleet car is leased for less than four years and the average EV 

battery useful life is eight years, the panel also agreed that the company fleet sector would 

not need to manage the battery recycling or disposal: 

‘The average duration of a battery in the vehicles is 8 to 10 years, so when you sell back 

the vehicles at the end of the 4 years, the battery capacity is still over 90%, so for us, it 

doesn’t have an impact.’ (Lessor) 

 

Battery Swap Technology is the final theme to be discussed when examining the 

importance of the battery to automotive electrification.  Quantitative analysis outlined 

showed disagreement with the statement and consensus in the fact that battery swap 

facilities would not exist in the EU by 2035.  Such was the strong consensus against the 

statement, it also was justified during the next stage interview process, investigating a 
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‘wildcard’ scenario, examining the possibility of if the Delphi panel could be wrong.  

Therefore, questions were designed not just to confirm consensus but to also ‘sow the 

seeds of doubt’ to see if a ‘wildcard’ scenario could be a possibility. 

Qualitative results showed there to be four more sub themes of interest to the interview 

panel, all ruling out the possibility of swap station growth or even existence in the EU by 

2035.  All interviewees agreed on (1) OEM’s floor battery standardisation making battery 

swap impossible, with common opinion about ‘the battery is designed into the floor of 

the vehicle.  And they’re hard-wired and built into the chassis.  So, they can’t be just 

flipped in and replaced at a swap point’. 

This also means that (2) replacement time would take too long at the swap station, plus if 

that time was more than 30 minutes then (3) a battery would be recharged in less time 

anyway, ‘I can’t imagine that you can easily change the battery in less than a half-an-

hour.  If you go to a fast station, that’s what you need to charge the battery again’.  

Similarly, as another panellist explained, ‘this type of technology won’t be required 

because the recharging facilities will be sufficient and will meet the requirement’. 

The final theme coming out of the thematic analysis was that of (4) battery bank quality 

assurance.  This theme relates to the fact that the battery is one of the most expensive 

parts of the EV and so needs a lot of monitoring to ensure its quality and maintenance, 

‘what stage is the life of the battery going to be in, it could be 100% or 70% capacity’. 

The cost and complexity of managing such a large inventory of batteries would be very 

high, most likely leading to an uncompetitive swap process, customer service issues and 

distrust, ‘I do not think so because it’s too hard to storage them,  either in space and the 

heavy weight,  neither in cost, so we will not see this here in Europe’. 

Therefore, consensus is confirmed and any possibility (Wildcard scenario) of seeing 

battery swap stations in Europe by 2035 is ruled out. 

So, what is the most likely scenario for battery technology to influence the EV sector? 

 

4.3.1.1  Battery Scenario 

In the year 2035 EV battery range on one charge is 600km+.  Neither individual vehicle 

owners or fleet managers find it acceptable to pay additional money or increased TCO to 

have significantly longer range.  For this reason, no EV ‘super batteries’ are required, and 
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smart navigation car software systems remove driver range anxiety aided by battery EV 

range similar to ICEs and a comprehensive network of charging stations. 

Batteries are capable of recharging to 80% storage capacity within 5 to 10 minutes, similar 

to the refuelling time of an ICE.  After providing eight plus years of guaranteed useful 

life onboard an EV, most EV batteries are removed and serve a 2nd life in a storage 

application providing a stable flow of electricity mostly from renewable generation. 

Finally, when the battery is at end of life some 20+ years after first manufacture, it is fully 

recycled causing no direct environmental waste. 

 

4.3.2 Charging Infrastructure Themes 

Figure 4.8 outlines the themes associated with the Charging Infrastructure. 

Figure 4.8: Charging Infrastructure Map 

 

 

Two of the research objectives are concerned with the charging infrastructure and the 

energy source that supplies it.  Five of the fifteen Delphi survey statements also collected 

data on this very important and significant topic. 
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The charging network connects the EV with a number of environmental opportunities in 

which the EV sector can address through the following key themes also outlined on Figure 

4.8: 

• Charging Stations 

• Inductive Road Technology / Charging 

• Renewable Energy Availability 

• V2G 

• Behind the Meter 

 

Charge Stations, or charge points, are the locations at which the battery EV can be 

charged with electricity.  Without charge points the EV has no possibility to power itself.  

Therefore, the success of charge point technology is as important as the success of battery 

technology to car electrification.  From the Delphi survey, quantitative results showed a 

strong consensus on agreement that charge points would be available in public parking 

areas throughout the EU.  This would also have a high impact on the fleet sector and very 

much desired by the panel.  The interview questions then examined these factors, and also 

were found to support confirmation of consensus. 

The main sub themes arising from this examination and thematic analysis can be seen on 

Figure 4.8.  (1) Overnight home charging, work charging and public fast charge points, 

(2) Recharge time and (3) Local fast charger grid capacity. 

The panel’s viewpoint was that both home and public charge points will be available as 

needed by 2035 and without both the EV will not be successful ‘…in the end you also 

need public. You need both to be successful’.  The network is growing at various rates in 

every country but overall in the EU ‘the network is, in fact, increasing daily, weekly at 

the moment’.  For fleet company cars home chargers are a must: 

‘So if you go for an electric car policy, I think you always need solutions for a home 

charger solution.  And if you start at home and your batteries are full, I think that’s a 

basic requirement which you have to fulfil, otherwise it doesn’t make sense.’ (Lessor) 

However, not everyone can have home charging, such as those in apartments in the city, 

so therefore the public charge points in urban areas are a necessity in these cases, ‘I lived 
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in an apartment building and using an electric car is fully dependent on public charging 

stations’.  Having charge points at work will also be commonplace for most office 

workers, in particular, as office time is available charge time, especially for those that 

cannot accommodate home charging. 

The recharge time becomes important mainly for the public charge points and the 

common opinion is that an available network of fast chargers will exist predominantly on 

the motorway networks.  The important factor here is for the recharge time to be similar 

time to that of refuelling an ICE, ‘if you have a fast charge it could be maybe five minutes, 

and then it wouldn’t take longer than the time you spend currently filling up your 

combustion engine car’. 

However, there is one theme that most panellists were concerned about but believed 

would be overcome with careful planning in the future.  That was relating to local 

electrical grid capacity, where fast chargers were in close proximity, perhaps at motorway 

intersections or high density urban areas, ‘the question would be is enough electricity 

there to have, let’s say up to ten superchargers in one street’.  There were also concerns 

at a macro-grid level that will be discussed shortly, regarding the availability of renewable 

energy. 

 

Inductive Roadway Technology / Charging is a theme that almost every panellist 

alluded to during interview.  This is an alternative to a charge point network which allows 

the road infrastructure to continuously charge the EV.  However, while some tests were 

successfully carried out, the infrastructure is too expensive to install, ‘they don’t really 

consider that this technology will have very high success on the market’. 

 

Renewable Energy Availability or ‘green’ electricity supply to the charge points is a 

very important theme that surfaces throughout this research, from the literature review, 

as a research objective, and is the seventh statement on the Delphi survey.  It is so 

important because every environmental stakeholder in the EV sector understands that 

there is no purpose in having an EV unless it can be powered by a renewable ‘green’ 

source of electricity.  Otherwise, the absence of ‘tail pipe’ emissions are just replaced at 

the chimneys of the electricity generating station. 
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However, while there was agreement among Delphi participants during the quantitative 

analysis that there would be enough renewable energy to support the EV charging 

network, there was not consensus on this issue.  Therefore, some concerns existed and 

when explored further during interview and qualitative analysis, two themes emerged. 

The first relates to the motivation for a car driver to commit to an EV.  Is it really for 

environmental reasons or do financial factors weigh heavier in their decision making?  

The qualitative results here show that without financial favourability, drivers will not 

swap their ICE for EV, ‘everybody is aware of climate changes, but if there is no incentive 

or there’s no attraction to do so, then people don’t do it.  So, it needs a certain financial 

push to get things moving’.  Such incentives will be discussed later under governmental 

influences.  More importantly EV drivers will still plug in even if the source is not ‘green’ 

so long as the financial factors are attractive.  This means that renewable energy has no 

impact on EV driver adoption which is also confirmed in the Delphi survey. 

The second key theme which is also quantitatively examined in the Delphi analysis is 

influence of international electricity interconnector which could allow ‘green’ electricity 

to flow between national grids. 

The Delphi results outlined very divergent views regarding the presence of many 

interconnectors in the EU by 2035.  There was a high IQR value of 60.  Looking more 

closely into this now in the qualitative analysis, it appears that one argument has 

suggested that interconnectors will exist but not just because of EVs but because of 

greater national energy needs to exchange, ‘If we have not enough electricity, or if we are 

peaked in certain regions, we do receive electricity from France, where atomic plants are 

still a backbone of electricity production’. 

The other side of the argument is more financial and political, viewing that individual 

States within the EU will not be able to overcome their political differences or be able to 

find the investment capital needed to build such interconnectors in all cases, 

‘governments, even overcoming political challenges to putting the infrastructure in place 

now, have no money to be able to do that over a decade, and now after COVID-19 money 

is just not available’. However, like renewable energy both quantitative and qualitative 

result show that interconnector availability has no impact of the EV sector. 

Overall regarding renewable energy, the panel suggested that most EU countries would 

be able to support their EV charging network from renewable electricity (RE).  A small 

number would need additional RE support via electricity interconnectors from 
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neighbouring countries and the remaining one or two most likely located in Eastern EU 

would still adopt EV charging even if the source electricity was not fully renewable as a 

result of not having interconnectors in place.  There was also some concern that some 

countries may retain their own RE within their own country to ensure self-sufficiency and 

that some of the interconnect overflow may be from Nuclear generation and Natural Gas 

which outside of EV charging will still play a part in overall economic power 

requirements of the EU. 

 

V2G is the ability to sell electricity back to the grid via a charge point.  The quantitative 

result was to agree that V2G would be available in 2035 but there was no consensus across 

the Delphi group as many believed that few drivers would use it.  Analysing this result 

further at interview stage discovered that while the interviewees all understood that the 

main purpose of V2G was to help balance the grid, there was also a clear agreement that 

the buy price would have to be much lower than the sell price to incentivise drivers to use 

it, ‘we’ve had conversations with a couple of the leading manufacturers that are looking 

to V2G.  I think the unit price of charging is going to make it difficult’. Therefore, 

confirmation that while V2G will be available, few EV owners will use it due to a poor 

unit price incentive. 

 

Behind the Meter, which is sourcing ‘green’ electricity locally to power charge stations 

or V2G emerged with agreement from the Delphi panel but again not with consensus as 

there where some outlier views that it would not exist everywhere by 2035.  To 

understand this a little better interview questions targeted the hesitation among some 

outliers and two sub themes resulted. (1) Location would determine the popularity of 

‘behind the meter’ installations.  Rural areas or large out of town industrial buildings were 

much more likely to embrace such technology and the panellists agreed that there would 

be widespread application of this technology across the EU by 2035 especially by 

companies with fleet vehicles: 

‘It will have an impact on the fleet sector for sure because for the moment, these kinds of 

boxes or charging stations are quite expensive because they are using technology that is 

not available everywhere, …you will have to install charging stations in your company 

and maybe 10 to 15 charging stations on your parking near the office.  If you have the 

possibility to set up these kinds of technologies with solar panels or wind turbine units, 
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definitely it will have an impact because it will have an impact on your expenses and 

costs.’ (Fleet Services Director) 

(2) Individual profiteering opportunity is the second theme.  Behind the meter provides 

individual drivers mostly with company cars to bill their employer for EV charging 

expenses which they can retrieve at lower cost from ‘green’ self-generation: 

‘…individual people that say hey, now I’m receiving an e-vehicle, I put myself those solar 

panels on the roof, you know, and then I can basically charge my company for the 

electricity I produce myself, and the rest of it I sell to the public grid, which is often 

possible.’ (Lessor) 

Some non-company car drivers again in rural or suburban locations will also choose to 

avoid electricity costs by using their own generation especially in the warmer countries 

in southern EU.   Therefore, in summary, the qualitative results confirm the quantitative 

output and resolve the outlier hesitation by qualifying the result and identifying that 

behind the meter will exist in 2035, but not in urban locations and will be mostly exploited 

by company fleets than by individuals, although individual application will be more 

common in the southern EU countries. 

Having outlined the themes above, the following is the Charging infrastructure scenario 

expected and is summarised in the next section. 

 

4.3.2.1  Infrastructure Scenario 

Charge stations networks are available to support the EV population in the year 2035, 

which is very developed in Western Europe and still developing in the East of the region.  

Home and workplace chargers are commonplace and are available to EV users that can 

accommodate the parking space.  A fast charger network is again extensive in Western 

Europe supporting the motorway systems, but also in city centres, where high density 

residential areas exist. 

Some issues with under capacity of the local electricity grid are still being worked on in 

many countries as a result of higher numbers of fast chargers in closer proximity to each 

other in cities areas.  Fast chargers are capable of recharging an EV to 80% capacity in 

less than ten minutes, while it is acceptable for a home or workplace charger to replenish 

100% capacity over four to six hours. 
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Renewable electricity, while not a main concern of most EV drivers, is sufficient in most 

countries to supply the EV population.  Many EV drivers do not question the source of 

the electricity which powers their EV, with financial reasons weighing heavier than 

environmental ones for most drivers deciding to purchase or lease an EV.  Electricity 

Interconnectors, while not impacting the EV sector, are not connecting every country due 

to the high capital investment required and lack of government funding for political and 

economic reasons.  Many countries with renewable electricity are choosing to retain that 

energy within their own country and not just to support the EV community. 

V2G is an available service at charging stations but is not used by many EV drivers as 

the buy and sell unit pricing is not significantly incentivising.  However, in suburban and 

some rural areas ‘behind the meter’ technology provides local renewable (mostly solar 

and some wind energy) electricity to help with charging EV and selling excess electricity 

back to the grid.  Fleet owners and high mileage individual drivers are most likely to use 

the technology to reduce their mileage expenses or profit from company car expenses. 

 

4.3.3 Alternative Competitor Drive Chain Themes 

Themes which make up the alternative Competitor Drive Chains are outlined in Figure 

4.9 below. 

Figure 4.9: Alternative competitor drive chains 
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Understanding stakeholder opinions regarding alternative drive chains to EV is a research 

objective of this study and is also the reason why two statements in the Delphi survey 

cover this topic.  The ICE is the dominant drive chain in the EU.  Diesel and Petrol have 

been the most popular engine types for many decades and Diesel has dominated the fleet 

market, as discussed throughout the literature review.  However, new drive chains have 

begun to erode ICE market share over the past few years.  The main one is EV, but the 

‘Hydrogen fuel cell’ has also potential, given it could be the ultimate solution to ‘green’ 

transportation with zero carbon emissions, Figure 4.9. 

 

Hydrogen remains a ‘Wildcard’ rival to EV drive chains given the environmental 

advantages it could deliver but results from the quantitative Delphi study outlined 

consensus among the panels that hydrogen fuel cell cars would not play a dominant role 

in car market in the year 2035.  To explore this opinion a little further in the qualitative 

analysis, (1) Cost and (2) better vehicle applications for hydrogen emerged as the main 

sub themes for development. 

The cost of both the hydrogen network infrastructure and the car itself were seen as large 

barriers that are unlikely to be overcome by 2035. 

‘…for hydrogen, you have to look at 2035 to 2040+ because the technology on both sides 

is very expensive. the technology for the vehicles is one side, but also, the technology for 

the hydrogen station network.’ (Engineer) 

For the EV at least the electricity is everywhere and is a very good starting point on which 

to develop EV charging network but the hydrogen network has nothing to build on and is 

starting from ‘square one’, ‘…for hydrogen there are challenges, there are investments 

needed, but there is electricity everywhere.  There is no hydrogen infrastructure’. 

The cost of producing hydrogen is also expensive, even before contemplating to build an 

expensive network, and is also a widely held opinion by the panel.  Generating the fuel 

through ‘steam methane reforming’ (SMR) or an ‘electrolysis process’ both require a lot 

of energy input and indeed it maybe questionable, if indeed, hydrogen is entirely a 100% 

green fuel, ‘There’s a few big problems with hydrogen.  First of all, green hydrogen is 

non-existent, so you’re not solving anything’.  For SMR,  ‘I mean hydrogen not created 

by just cracking natural gas’, and for the electrolysis process ‘then also you have to cool 
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down hydrogen, I believe, to around about minus 200°C, and that is very energy-

consuming’, so that energy would also need to come from renewable sources. 

Then there were opinions on the cost of the car itself, having reduced passenger space 

due to the large fuel tank and insurance of safe management of an extremely dangerous 

fuel, which will be more expensive to buy than an ICE, ’meaning that for 500 km 

economy, it costs more or less the same as if you put in 50 litres of diesel in your car and 

the car is maybe twice as more expensive to buy’. 

The second sub theme of hydrogen being more suitable in larger vehicles, such as buses 

and lorries, was an opinion shared by most of the interview panel.  While they did not see 

hydrogen being successful in passenger cars by 2035, they did see it being a strong 

possibility for public transport and haulage vehicles, which are not suitable for 

electrification but produce a lot of emissions: 

‘…getting trucks and buses and heavier vans to be clean.  Either there’s a huge jump in 

battery technology, or I think their hydrogen still stands a fair chance.  As an energy 

carrier it still carries a lot more energy per unit of weight than batteries.  If you want a 

semi, or a big bus, if you wanted to switch that to completely green emissions, no 

emissions, then probably hydrogen still has a shot at claiming that market.’ 

Many panellists expressed the view that hydrogen hubs may develop to service the larger 

vehicles such as a proposed example in the UK: 

‘At the moment, it’s very much done in a hub like an approach, but you can start to see 

that there are hydrogen pumps in Swindon and there’s hydrogen pumps in Oxford and 

there’s a lot of busses and probably lorries going between those two major towns where 

hydrogen would be absolutely sensible to use up.’ (Fleet Services Director) 

However, views were also expressed that ‘only with political will’ would hydrogen 

succeed before 2035.  Currently, political will is in favour of car electrification because 

the OEMs need some security for their large drive chain investments.  There is significant 

agreement among panel that Hydrogen will hold a minority share of the 2035 car market 

and will eventually replace EV sometime after that, but there is always a chance that due 

to unforeseen circumstances, hydrogen gets introduced sooner and plays a bigger part by 

2035. 
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Diesel has long been the popular choice for fleet vehicles mainly due to its fuel efficiency 

and engine longevity, ‘the only reason why diesel is still popular, in Europe still quite 

popular, is because of the fuel consumption’.  It still has the best TCO for company cars 

and has now run into opposition from petrol and EVs on the grounds of environmental 

and political concerns. 

Regarding its future as a drive chain in 2035, the Delphi survey quantitative analysis 

produced a high IQR and divergent result.  Diesel was on the lower end of the divergent 

scale at 39%, suggesting that there were slightly more panellists who thought that diesel 

would already be obsolete by 2035, but with many doubts.  Examining opinion 

qualitatively, through semi-structured interview and thematic analysis, the following 

themes emerged as important discussion topics, (1) NOx pollution, (2) Unchallenged 

powerful diesel engine, (3) Political and cultural objections, (4) New competition from 

petrol and finally (5) Government taxes.  These are outlined in Figure 4.9, which gives a 

high-level view of the alternative drive chain thematic analysis. 

Pro diesel panellists point out that NOx pollution from older diesel engines has been and 

continues to be a health threat especially in urban areas.  However, diesel does have lower 

carbon dioxide greenhouse gas emissions than petrol and now the newer engines have 

only trace NOx particles, ‘So from our point of view, diesel is not dead.  So now it’s clean, 

you have CO2 emissions which are very low, they are cost efficient burning less fuel’. 

The fact that diesel engines are powerful compared to alternatives is also seen as the key 

reason by those same panellists which stated why diesel does not completely disappear 

from our roads by 2035.  For higher power car needs, such as towing trailers or off-road 

requirements, diesel will still be needed and especially for larger vehicles, ‘larger 

vehicles, like your trucks, 18 wheelers vehicles, there’s going to still be an appetite on 

diesel for that. But in terms of your small passenger cars, medium sized passenger cars, 

no’.  However, as the quotes suggest even the pro diesel interviewees did not see new 

diesel small to medium cars being manufactured in 2035. 

Political and cultural objections to diesel are slowly forcing diesel out of the market even 

with great improvements in NOx and CO2 abatement.  Panellists believed that political 

will is overshadowing diesel engine technology advancement to the fact that it does not 

matter how clean a diesel car is anymore, ‘it’s just too much stigma attached to diesel.  I 

think carbon capture, clean diesel, no matter how clean it becomes, it doesn’t matter,  I 

think it’s going to reach a point where it’s going to be unacceptable for consumers to be 
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driving diesel vehicles even if, in reality, they’re not really damaging the environment’.  

Already some governments have put dates in place by which it will be illegal to produce 

or import an ICE, ‘they will not be able to sell any ICE vehicles into the UK by 2035’.  

However, because diesel engines last so long the majority of panellists thought that old 

diesel cars, ten or even twenty years old, will still be on the road in 2035: 

‘You will still have a huge amount of diesel and petrol on the road by 2035.  It will be old 

hand-me-downs and students driving their mom’s old diesel or whatever, but you will still 

need to service those vehicles, and you will still need to supply diesel and petrol for those 

cars.  They won’t disappear.  Anything that we sell now somewhere in Europe, or unless 

we ship them all to Africa, will be on the roads somewhere 15 years from now.’ (Lessor) 

This transcript extract above also echoes a common view among panellists regarding 

developing economies, not just in Africa, but also the smaller and poorer economies.  

Especially in Eastern parts of the EU where people will still drive diesel and some 

manufacturers will still continue to produce diesel cars to service that market, ‘So by 

2035, yes, it will be very difficult to find a good performing diesel engine, except maybe 

with a producer like Dacia that is using written-off technology from 10, 15 years ago will 

supply markets like Eastern Europe’. 

In the meantime, petrol has been gaining market share from diesel in the EU mainly 

because it has a little less tax imposed on it by governments, is cheaper to buy and is seen 

as a cleaner fuel compared to diesel, which, as previously mentioned, is debatable for new 

engines.  However, most of the panel did not see petrol existing in Western Europe, no 

more than diesel by 2035.  Nonetheless, panellists agreed that petrol will continue to have 

a future in Eastern Europe and elsewhere in the world,’…countries like in Eastern Europe 

to Russia or Ukraine.  All those countries are driving mostly petrol engines because of 

the situation of those countries and their networks’.  This is more of a historic reason, as 

diesel never had a large share in those regions anyway.  So, the majority of panellists 

believed that petrol will be part of the mix, with increasing market share the further East 

you go. 

The final sub theme extensively discussed in the interviews regarding the future of diesel 

was taxation.  Every government in the EU raises significant taxes on the sale of petrol 

and diesel, but greater taxes are levied on diesel.  All panellists saw the reduction in tax 

income from ICEs as a problem for governments.  Some believed it means a slower move 

away from diesel and others think it just means the tax must transfer to EVs as share 
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transfers in the EU, ’There’s too much tax money involved there in petrol and diesel either 

at the pumps or just the vehicles.  And to really go all out on electric and renewable 

sources means a huge drop in taxes which may slow down the move to EV but eventually 

a transfer of taxes to EV also’. 

As can be seen in Figure 4.9, many panellists saw a mixture of different drive chains as a 

likely outcome by 2035.  This may also be the reason for a divergent result from the 

quantitative analysis during the Delphi study.  However, most of the interviewees still 

saw battery electric vehicles (BEVs) as having the majority share by 2035. 

 

4.3.3.1 Wildcard Scenario (Hydrogen FCV) 

By 2035 the majority of passenger cars in the EU have converted to Hydrogen fuel cell 

vehicles, with heavy goods vehicles (HGV) transferring from diesel to hydrogen some 

years earlier.  Hydrogen fuel is produced using electrolysis and plants consuming just 

water are very common throughout the EU.  The energy required to split water into 

hydrogen and oxygen through electrolysis comes from renewable energy with some 

countries partly dependent on electricity interconnectors to avail of ‘green’ energy.  There 

are no longer issues with vehicle pollution, but water and the processing of intake water 

for electrolysis is a strategic element of each countries resource management. 

Old stock of diesel and petrol cars still exist, but numbers on EU roads reduce every year.  

Such cars are no longer manufactured in the EU and almost all countries have banned 

their import.  In the late 20s to early 30s, EVs, having dominated the car market briefly 

during the 20s, start to lose share quickly as hydrogen filling stations became numerous, 

with only a reducing minority share still existing by 2035.  The cost of both fuel cell 

vehicles (FCVs) and the hydrogen fuel is continually reducing as technology improves 

and competition increases.  Every governments’ strategy is to continue with FCV 

development and make water harvesting a key priority. 

 

4.3.4 Themes emerging from Governmental Influences 

Banning legislation and financial incentives provided by governments influence the 

future of the EV sector in the EU and understanding the consequences is one of the 

research objectives of this study.  Two of the Delphi statements, therefore, cover the 
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legislative effects on one hand and incentive aspects on the other hand, looking at how 

and what influences governments are having, Figure 4.10.  Later in this section, the last 

Delphi statement is addressed, relating these topics specifically with PHEVs. 

Figure 4.10: Government Influences 

 

 

Legislative Bans have been imposed by some EU governments to control car emissions 

particularly in urban areas.  Results from the quantitative analysis from this Delphi survey 

study outlined consensus that only zero emission cars will be allowed in most EU cities 

by 2035, which will have a large impact on the company car fleet sector.  To confirm this 

consensus and understand in more detail the effects on EVs, and in particular on PHEVs 

across the EU, interviews and qualitative analysis were conducted and revealed two main 

themes as showed on Figure 4.10.  (1) Low emission zones (LEZs) and (2) Geo-fencing 

technology were the two most discussed themes relating to banning legislation and how 

governments are addressing urban pollution from cars. 

LEZs being implemented in most EU cities by 2035 was the belief of all the interviewees 

and that only zero emission cars will be allowed into the city centre, ‘We already have a 

few of those zones in Europe.  Some of the cities have certain rules and regulations in 

place, and no doubt it will be a standard in the near future’.  However, some of the 
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panellists also thought that it will not be a swift change and it will not fully happen until 

small EVs are as affordable as small cars are today: 

‘…the push for zero emissions zones will mostly probably coincide with the availability 

of cheap zero emissions cars, and therefore fleet can play an important part.  Of course, 

if there’s more second-hand cars that are zero emissions and to be blunt, you need a 

Dacia Duster electric before local governments will take the risk of really pushing for 

complete zero emissions, unless they ban cars completely.’ (Lessor) 

So, while some more progressively ‘green’ cities have already implemented LEZs, most 

panellists believed that it will take a little longer for other cities, especially in Eastern EU, 

to make the switch, but they will and most of them before 2035.  When it comes to 

PHEVs, they have the capability of being EV or ICE and that flexibility is a problem for 

entering the LEZs.  Many of the panellists suggested that ‘Geo-fencing’ technology could 

be used so the PHEV automatically detects the border of the LEZs and switches to electric 

mode, ‘It’s some sort of geo-fencing, you can actually program the car, so as soon as you 

enter that area the combustion engine would actually switch off and you would then drive 

in fully electric mode’.  However, while everyone believed the technology will exist, most 

did not think governments would trust drivers not to override it if their batteries were not 

charged upon entering the LEZs, ‘if the battery is charged and if you’re driving into the 

city, then it’s going automatically on electric mode but I can also override it and say I 

just want to drive it with the regular combustion engine if I have no charge’.  So, in 

summary PHEVs will not be allowed to enter the LEZs across the EU, but there is also 

an expectation that a small number of cities, mainly in Eastern EU, will still not have 

implemented LEZs by 2035. 

 

Government Financial Incentives being offered to drive lower emission cars in 2035 is 

one of the most divergent results obtained from the quantitative analysis with the highest 

IQR values.  Unsurprisingly, financial incentives were also most desired by the Delphi 

panel, but their opinions were split in a bimodal distribution.  To understand the difference 

in opinion, interview questions concentrated on this disagreement, and the thematic 

analysis of the transcripts produced the following themes as per Figure 4.10. (1) Super 

Carbon credits, (2) Benefit in kind (BIK) tax credits, (3) ‘Fake’ hybrids, (4) Government 

tax revenue, (5) TCO parity and (6) Geographical differences. 
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Panellists all agreed that the first two themes have by far the largest impetuous effects on 

the progressing car electrification, especially in the last year or so.  Super carbon credits 

were launched by the EU to increase the advancement of EVs onto our roads and allow 

the OEMs an additional opportunity to reach the 95g/km EU target by 2021.  This target 

was set to force OEMs to reach an 95g CO2 emission fleet average or otherwise receive 

very large fines from their respective governments.  PHEVs are the big benefactor of 

these super carbon credits which mean that OEMs receive double the credits against their 

target for every PHEV they sell.  This, together with the introduction of BIK on company 

EVs, has driven increased manufacture and sale of EVs.  The following interview extract 

typified the opinion of the interviewees: 

‘You cannot name a country where the first reports aren’t coming out that you see double-

digit growth, and sometimes triple-digit growth, like in Italy, on plug-in hybrids and EVs.  

In terms of demand, probably most OEMs production have increased of these vehicles in 

inventory to be able to sell them after the 1st of January, because then they get the super 

credits.  And it’s the game of trying to get to those European targets, it is battery 

technology and prices coming down, its factories being retooled to not be able to just 

produce compliance car volumes, but real volumes of EVs.  The best example is the 

Hyundai Kona.  Up until now it was produced in Korea, and let’s be honest, they 

introduced them in Europe just enough to be able to say we have an EV.  Now they started 

production in the Czech Republic.  They really mean it.  They’re moving their production 

closer to where the market is.  So yes, we’re in a perfect storm.’ (Lessor) 

The success of super carbon credits and BIK programs have pushed OEMs to offer car 

buyers (both private and company cars) much better discounts to purchase a PHEV.  The 

OEMs are balancing the fines they would have to pay against the additional cost of 

manufacturing, and EV versus and ICE, and growing EVs on EU roads at the fastest rate 

so far. 

However, the third factor has concentrated OEM efforts which means they must produce 

genuine low emission cars because governments have identified what they call ‘Fake 

hybrids’.  Every panellist had mentioned this theme as it has recently led to the 

introduction of another drive chain called ‘Mild hybrid electric vehicles’ (MHEVs).  

MHEVs are not being accepted as low emission cars by the EU, but they are being 

adopted to give a new lease of life to ICEs, both petrol and diesel.  Simply put, a larger 

battery is installed in a normal ICE and is designed to reduce emissions by assisting the 

engine at the most critical times preventing high emissions.  This car can currently be 
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produced much more cost effectively than either a PHEV, HEV or BEV with only a small 

adder to the cost of an ICE. 

Governments have reacted and not allowed MHEVs to receive any of the purchase cash 

grants or tax credits applied to low emission cars, so MHEVs only take advantage of 

lesser road taxes having lower emissions than normal ICEs.  The panellists believed that 

the current market gains which petrol has made, in part due to MHEV technology, will 

be short lived and at best are just avoiding road taxes until government change the laws 

which they have already begun to do, ‘We’ve done our own research and I think there’s 

other independent research, as well, to suggest that they are only a tax dodge’. 

For some years now governments have introduced tax credits and cash grants to help 

purchase EVs and have reduced road taxes to encourage EV adoption.  However, 

panellists pointed out that some mature EV countries like The Netherlands have begun to 

reduce these government EV incentives as tax revenues are suffering.  PHEVs were the 

first to be affected, but many panellists believed that this is the way of the future and that 

soon no PHEV will receive financial incentives.  BEVs will eventually follow suit and 

indeed the lost tax revenues from reducing numbers of ICEs will transfer to taxing EV in 

the future: 

‘If you have vehicle taxation close to zero for e-vehicles, that income stream would, with 

an increase of e-vehicles in the markets, basically go away, and the governments cannot 

allow that to happen.  So they need the money as well.  So after a certain time, for sure, 

the e-vehicles will likewise be taxed again.’ (International Fleet Manager) 

The panel expectation was that EVs will be taxed eventually to recover government tax 

revenue, but there is also the theme of ‘TCO parity’.  One other reason EVs will be taxed 

again is because EVs will eventually become more cost effective than ICEs and cheaper 

to buy for drivers.  The same will be true of company cars where the ‘total cost of 

ownership’ (TCO) on company cars will eventually sink lower than an ICE.  This means 

that the governments no longer need to support EVs when they are competitive in the 

market: 

‘…if you reach TCO parity, all the products without system incentives which were fast 

gaining, means investments in petrol and diesel is drying up completely.  There’s not a 

Euro going into R&D for the old technology, and that will start showing in the next 5-10 

years.  You will see continued improvement in cost, on performance, of anything related 

to the electric drive trains, and on ICE engines that will begin to disappear because 
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there’s no money going there.  So at a certain moment your EV, like ID3 I think, will be 

better, cleaner, cheaper, more trustworthy than your VW Golf, you’ll buy a ID3 even 

without system incentives.’ (Manufacturer) 

Even during the intervening time period between when the quantitative and qualitative 

analysis took place it is clear that the divergent and bimodal opinion have moved to a 

greater agreement and with the fast advancing EV sector, combined with equally fast 

changing government changing attitudes on BIK, Super carbon credits, etc., most 

panellists now thought that TCO parity will be reached before 2035 and that government 

incentive will no longer be required. 

The final theme is addressing the geographical aspect across the EU.  Like most EU 

taxation matters, not all governments will react at the same time and there will be a delay 

in Eastern EU.  Panellists saw Eastern EU delaying the implementing EV incentives, and 

indeed some countries still not having EV incentives.  Now panellists believed that some 

Eastern EU government financial incentives will most likely be removed a few short years 

after their introduction or may never be implemented, but instead choosing to use banning 

legislation; the so called ‘Carrot or stick’ approach: 

‘It depends on whether they have enough money to use the carrot.  They might use the 

stick and discourage the procurement of old technology, which is something that in that 

area is more often used.  You don’t necessarily need to encourage the consumption of 

battery electric vehicles.  If you make it hard and expensive enough to get an old second-

hand diesel or a petrol, the effect will be the same.’ (Lessor) 

The Eastern States have delayed EV incentives, but some may choose not to introduce 

financial incentives at all if the improvements in EV cost and TCO, together with 

legislative bans, as discussed earlier, come together, it may be sufficient to satisfy their 

needs. 

Therefore, when examining the themes above there was now more panel agreement for 

legislative bans to continue and financial incentives phasing out by 2035. 

 

4.3.4.1 Influences on PHEVs 

The future of PHEVs is central to this study and a divergent outcome to the Delphi survey 

statement.  Quantitative analysis regarding PHEVs in 2035, shows a bimodal distribution 



137 
 

with many outlier opinions and a high IQR.  As outlined in the Delphi output, almost half 

of the Delphi panel did not believe that PHEVs will exist in 2035.  Yet, slightly more than 

half did not dismiss the possibility that PHEV could play a part in the drive chain mix of 

2035. 

Therefore, the interview guide questions concentrated on unearthing the reasons for and 

against this potential.  Thematic analysis of the interview transcripts produced the 

following factors, also shown on Figure 4.11 below.  (1) PHEVs in LEZs, (2) Fleet 

Telematics, (3) Regional effects, (4) Bridging Technology, (5) BEV market disruptor and 

(6) Mixed drive chain model. 

Figure 4.11: Factors Influencing PHEV 

 

 

PHEVs in LEZs have already been discussed earlier under ‘legislative bans’.  Panellists 

believed that PHEVs will not be allowed to enter most LEZs by 2035.  The exception to 

the rule will be more likely in Eastern Europe where in some cases all drive chains will 

be able to enter for a fee.  Determining the fee and indeed helping the driver to drive as 

environmentally as possible will be the use of ‘telematics’, which is the following theme 

to be discussed. 

Telematics using ‘geo-fencing’ was also discussed as an earlier theme, which could 

potentially help PHEVs drivers, in fact ‘geo-fencing’ is software programmed into 

telematics onboard the car computer.  With telematics, panellists expected that company 

car PHEV drivers will use PHEVs responsibly in terms of environmentally and prevent 

its misuse: 
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‘…so let's take the plug-in hybrid, for example, the vast majority of company car drivers 

go for it if they get the opportunity, primarily because of the personal tax advantage, that 

could actually from a fleet management point of view be quite expensive.  If, let’s say, 

someone is not using the plug-in hybrid car the way it was supposed to be used, but goes 

to petrol stations every time the tank is empty and basically hardly does any mileage fully 

electric.’ (Manufacturer) 

If the driver does not pay for the fuel, misusing the PHEV as a company car is very likely 

to happen.  But if monitored using telematics, the fleet manager can see the reporting 

directly from the car management system which shows if the car is being charged 

regularly and driven correctly.  Telematics allows the company PHEV owner to be 

environmentally responsible but also cost effective.  This gives the PHEV a clear 

advantage in fleet use over the coming years. 

Regional Effects within the EU regarding PHEV adoption were predicted by most 

panellists, ‘I still believe that we will see some plug-in hybrid in 2035 in Eastern Europe’.  

Currently PHEVs have a growing market share in Western Europe, as discussed earlier, 

but panellists understood that this growth will transfer to Eastern EU countries over the 

next number of years.  If other drive chains like BEVs or even FCVs are to disrupt PHEVs 

at some point, that disruption will be delayed in Eastern EU following implementation in 

the West first.  A common opinion outlined was for an expected sparser charging network 

in Eastern EU, which would also advantage PHEVs, especially if government tax 

emissions are anticipated to continue. 

PHEVs are a ‘Bridging Technology’ between ICEs and BEVs and is a theme that all 

interviewees agreed on. Interestingly and unsurprisingly, this ‘bridging technology’ 

theme was mentioned by every panellist: 

‘…for the next 3-4 years, probably big manufacturers need plug-in hybrids to hit their 

95g targets, to give them the breathing room while they invest heavily in electrification.  

It’s a hugely important technology from a changeover perspective, but 2035, that role of 

changing over will probably have played out apart from Eastern Europe where they will 

remain a little longer.’ (Lessor) 

While, the above interview extract suggests that PHEVs will still be present in Eastern 

Europe because the ‘bridging technology’ switchover will not be complete there by 2035, 

some panellists speculated, however, that competition from disrupting BEVs will have 
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completely replaced purchases of new ICEs and PHEVs even bypassing PHEV going 

directly from ICE to BEV by 2030: 

‘Those electric vehicles should be suitable for the vast majority of drivers and we’re 

actually seeing an increase in the number of drivers already moving from an ICE vehicle, 

petrol or diesel, directly to the Battery electric vehicles by 2030.’ (Manufacturer) 

BEV Market Disruption by the earlier year of 2030 will not transvers all of the EU.  The 

majority of panellists still thought that BEV takeover will only be in Western Europe, ‘in 

Western Europe, I would say we’ll be beyond plug-in hybrids in maybe 10 years’.  

Everyone was in agreement that there will not be 100% electrification in Eastern Europe, 

and poorer charging infrastructure compared to the West will be the key reason, ‘Eastern 

Europe, the infrastructure will be a big issue’.  The switch to BEVs will begin when the 

range and infrastructure are at a point where BEV are equally as convenient to use as 

ICEs are today, ‘anything over 600 km means you can drive it almost in the same way as 

you drive a combustion engine car with a significantly better performance’.  Once again, 

the panel were all in agreement that BEVs will be capable of at least 600km by 2035.  

Therefore, there is a high degree of confidence that BEVs will dominate the EU market 

by 2035. 

Mixed Drive Chain Model in the year 2035 was a common theme running through many 

of the interviewees responses, ‘…won’t be the only one solution and that’s the change in 

the industry that will have to really adapt our fleet to in the future, ICE, MHEV, PHEV, 

BEV, FCV will all be there’.  The mixed model is a division of the drive chains used at 

varying degrees in each vehicle class. 

A mixed model is the only scenario that all panellists agreed would exist in 2035, but 

opinion varied on what the mix would look like.  If BEVs dominate, it would be on the 

lighter category of smaller vehicles first, then in the next years gradually encroaching on 

the larger ones all the way up to SUVs and luxury cars. 

For ICEs, it will begin to phase out of the smaller vehicles starting with diesel and 

followed by petrol.  Diesel will be retained a little longer for the larger passenger car 

space and power needs until PHEV take over temporarily for several years, until 

eventually PHEV also gives way to BEV and perhaps eventually to FCV. 

However, BEV would then dominate, but not until shortly after 2035.  According to most 

panellists, large OEMs forecast full electrification closer to 20 years away, including 
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Volvo, ’I would say yes quite resoundingly BEV but by 2040.  Volvo intends to be 100% 

electric by 2040’. 

 

4.3.4.2 Government Influence Scenarios 

Now in the year 2035, LEZs are in place in most EU cities and non-zero emission cars 

including PHEV, HEV and MHEV are not allowed in.  All government financial 

incentives across the EU have gone including BIK tax relief on company cars and all cars 

are taxed by their countries.  BEVs are now more economical to run compared to ICEs in 

the company fleet and more cost effective to produce for OEMs in the EU. 

ICEs are no longer manufactured in the EU, but many old cars still exist on our roads 

despite heavy taxation especially in Eastern Europe.  BEVs have the majority share of the 

car market and all EVs are fully powered by RE from an extensive charging network, 

apart from Eastern EU, where some countries still reply on natural gas and nuclear 

sometimes imported through interconnectors from neighbouring States. 

Diesel ICEs have a minority share of the medium to large car and SUV corporate / private 

market.  Manufacture has stopped in the EU but supply to parts of Eastern Europe 

continues.  Petrol ICEs have transferred to MHEVs and HEVs sharing the small to 

medium car classes with BEVs and reducing involvement in larger classes and SUV.  The 

PHEV have the largest share of the SUV and large luxury car market with reducing share 

of the medium size segments.  FCV have a small minority of the medium class size 

increasing slightly in the larger segments and SUV.   However, the majority overall share 

is with BEVs which totally dominate all the lower and smaller size cars, but slowly 

gaining market share into the larger class segments towards SUVs. 

 

4.3.4.3 Wildcard Hydrogen Scenario 

Now in 2035 LEZs are in place in most EU cities.  Only FCVs and BEVs are allowed in 

cities and non-zero emission cars including PHEV, HEV and MHEV are not allowed in.  

All government financial incentives including tax relief on company car BIK across the 

EU have gone and all cars are taxed by their countries.  ICEs are no longer manufactured 

in the EU, but many old cars still exist on our roads and company fleets despite heavy 

taxation especially in Eastern Europe.  Hydrogen FCVs have the majority share of the car 
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market while all other EVs having enjoyed majority share of the EU market up to 2030 

are now on rapid decline both in the corporate and private sector. 

 

4.3.5 Car Sharing 

One research objective in this study is concerned with car sharing, firstly in the general 

population and then secondly in the company car fleet population.  Consequently, there 

are two Delphi statements, one addressing each of these areas.  Quantitative results 

showed divergent views among the panel regarding car sharing in the general population, 

but there was consensus that car sharing would not be popular in the company car fleet 

population. 

Investigation through semi-structured interviews looked for reasons to explain these 

results.  Thematic analysis of the transcripts output the following themes regarding car 

sharing per Figure 4.12 below. (1) Low business margins, (2) Living or working location, 

(3) Company car sharing job function, (4) Mobility solutions, (5) Autonomous cars, (6) 

Car ownership and (7) The generational divide. 

Figure 4.12: Car Sharing themes 
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Low Business and Profit Margins was a theme that all panellists agreed was an issue 

for the car sharing sector in the EU, ‘Car sharing is not popular because there’s no 

business case, there is no money to be made’.  Many interviewees mentioned the example 

of BMW and Mercedes joining forces to try and make it work, but they are challenged to 

do so: 

‘So Mercedes and BMW, the rent car sharing companies were merged, because they were 

not able to be successful.  They expected and they have big problems regarding damages, 

so the insurance costs were raised up more and more, and the cleaning of the cars was 

not good enough.  So it’s a big problem for them to earn money on this market.’ (Executive 

Sales Director) 

The extract above mentions operational problems with delivering the service and many 

panellists shared the difficulties regarding monitoring quality from one customer to the 

next.  This is a major operational issue to overcome. 

The divergent opinions in the Delphi study may come from a micro versus macro view, 

because some interviewees had a lot of knowledge of individual city car sharing services 

that seemed to be more successful suggesting that ‘pockets’ within the EU are able to 

profitably provide car sharing.  Even those that have a pessimistic view of car sharing 

believed it should be successful if the criteria were right: 

‘I’m not saying that it’s never profitable.  I think in huge cities like Paris and Berlin there 

are probably one or two players that can turn a profit from providing it there, but that is 

basically because your occupation rates are high enough to turn a profit.’ (Lessor) 

Living Location is the next theme.  The broad opinion here was that car sharing will 

never work outside of the city.  Those living or working in rural areas need to have their 

own car, but drivers living in the city would be able to car share, ‘it’s only a solution for 

the big cities like Berlin, like Cologne, Munich, and so on, and Frankfurt, but not in the 

whole area of Germany.  It will not work’, ‘…in rural environments, it would be more 

difficult, but city environments it would be more possible’.  This common theme supports 

the ‘pocket’ idea suggested earlier. 

Company Car Sharing was a theme that everyone agreed on, that for most companies, 

car sharing cannot work.  It will be the driver’s job function as a salesperson or engineer 

that does not make car sharing practical and also the attitude of most company cars 



143 
 

drivers, as outlined in the following extract, which represents a frequent opinion made by 

the panel: 

‘…you’re taking away people’s cars.  People don’t think of the company car as being the 

companies.  They think of the company car as being theirs, and a very big part of their 

salary package and who they are, their definition of a professional, so it’s not something 

that people will give up without a fight.’ (Sales Director) 

Where companies have disassociated the company car with renumeration or the car is 

replaced by a mobility allowance, then there is an opportunity to overcome this problem. 

Therefore, a small number of panellists did think that car-pooling from a city or central 

urban area to a suburban based workplace may encourage car sharing especially with 

younger drivers.  In general, a cultural shift would be needed to drive car sharing, ’the 

car that you drive is such a key status symbol, still to this day as well.  And there needs 

to be a cultural shift in that sense’. 

Car Sharing and Generational Divide showed agreement on a generational effect.  

Panellists felt that few drivers in their late thirties or older would be willing to car share 

but younger drivers in the 20s would have less of an issue with not owning a car and in 

fact may even favour not having the responsibilities and costs that go with it, ‘if it comes 

with a number of disadvantages and lots of things to consider, from charging, parking, 

fuelling, cleaning, all these things, and that probably the younger generations aren’t 

really interested anymore in doing it’. 

Mobility Solutions is also a common theme among the panel.  Many believed that 

improving mobility solutions, which include all forms of transport including public 

transport, may be a way for car sharing to play a part as opposed to looking at it as the 

full solution, ‘the car will become only one extreme of this mobility solution, but it won’t 

be the main transportation means anymore’.  Flexible and easy to use mobile applications 

improvements will come and will aid the expansion of car sharing.  Car sharing in the 

general population has the chance to gain share over car ownership many panellists 

believed: 

‘…this flex mobility, whether this is Uber, or whether this is taxi without a driver, or 

whether this is car as you go, or whether this is public transportation, or whether this is 

use a bike, that the mobility sector will become more integrated.’ (Lessor) 
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Autonomous Driving was a theme that was shared extensively during the interviews and 

also mentioned in the above extract.  Many of the interviewees expressed a view that if 

driverless cars became popular that car sharing would be much more successful through 

platforms like an Uber, ‘Maybe in certain cities that have high-definition maps the 

technology will be good enough to provide autonomous car services.  Is it then still car 

sharing?  Yes, it is, but in a completely different setup than we see it now’. Until then, it 

seems that the panel think that car ownership will dominate especially in the corporate 

sector. 

Car Ownership will still dominate in the year 2035 was the belief of the majority of the 

panellists, ‘Possession will always be number one’.  Ownership, although regarded as 

expensive, will be preferred by most drivers for purely necessity reasons in many cases 

but also for convenience and culturally a way of life, ‘all of us have in the mind-sets very 

much an ownership assumption for our car, even if it is a business car’.  So, while the 

panel did expect car sharing to grow between now and 2035, they expected the growth to 

be slow and concentrated in the general public population living in the larger cities of the 

EU.  As for car sharing affecting the drive chain share, most thought that it does not matter 

if it is an EV or ICE, but perhaps aligns more with drivers who have the environment in 

mind: 

‘…from a marketing position of being able to say that you’re going to car share and 

you’re going to car share an electric vehicle.  It probably sends a good message to those 

who will use that facility.  Whether it’s 100%, I would suggest probably not.  Why?  A 

petrol car can do that, and a diesel car can do that for the time being.’ (Sales Director) 

Overall, the majority of panellists felt that car sharing has no effect on the adoption of 

any particular drive chain, including PHEVs, but a minority suggested that it provides a 

slight advantage to BEVs by 2035. 

 

4.3.5.1 Car Sharing Scenario 

In 2035, car sharing in the EU is popular with the younger population living in larger 

cities such as Belin or Paris.  It is mostly small BEVs that are used for social and domestic 

purposes while company car sharing is rarely practiced apart from car-pooling in 

applicable limited situations.  Outside of these large urban car sharing ‘pocket’, almost 
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all drivers prefer to own their own car and not share it with another driver outside their 

family circle. 

 

4.4 PHEV- A mixed Drive Chain Scenario for 2035 

As can be seen in Figure 4.13 below, by 2035 the PHEV drive chain still has a half share 

of the luxury car (E) and a little less than half of the SUV company car corporate market, 

but has a very small minority share for the large car segment (D) mainly in Eastern EU 

and even a smaller share of the mid-size market (B & C) which is all in Eastern EU 

countries.  PHEV has lost all the small car segments to BEVs, as BEVs maintain a steady 

growth up the car size classes. 

Figure 4.13: Mixed Model Drive Chain in 2035 

 

 

At the top end of the market, FCVs are slowly encroaching and gaining market share on 

the luxury / SUV classes and on into the larger car segments.  The PHEV is expected to 

be squeezed out of the entire passenger car market both corporate and private in the EU 

by 2040.  This is following a history of growth in the 20s as a result of the EU 95g/km 

average OEM fleet emission target legislation which allowed PHEV to gain significant 

share of the EU car market after 2021 when the target became law.  Car manufacturers 

could only avoid the large emissions fines if they balanced their car offerings with EVs. 

At that time very favourable tax reliefs on EV company cars were available from most 

EU governments.  BEVs did not have the mileage range or accompanying charging 
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infrastructure required by most fleet car users, but PHEVs did and quickly became cost 

effective fleet solutions for companies and company car drivers.  As EVs, PHEVs 

qualified for tax reliefs on the purchase price, which was competitive for the company 

owning the car, they also got tax relief on BIK which greatly benefited the driver, 

providing the PHEV with a clear competitive advantage over rival drive chains for a 

number of years.  It meant that sales representatives and engineers, which typically make 

up the majority for company passenger car drivers on our roads, were switching from ICE 

to PHEV.  The company car fleet manager was able to take advantage of the financial 

advantages of PHEVs and avoid the cost increases which they had become accustomed 

to with ICEs. 

However, BEVs continually improved, especially on mileage range with ever larger 

battery capacities and eventually started to meet driver expectations starting with the 

small and mid-size cars.  The expectations of the company car owners were also met when 

TCO parity became a reality in the mid-20s for the smaller car classes.  Most PHEVs or 

ICEs were no longer more cost effective than BEVs as company passenger cars and for 

the first time BEVs were starting to make financial sense within the company car fleet.  

This market disruption continued to gain momentum and by 2030, BEV had the majority 

share of the EU fleet both private and company cars.  Benefit company cars like SUVs 

and more luxury cars, typically held by management remained mostly PHEVs as these 

heavier cars did not suit BEV technologies.  The pure battery powered cars were still not 

sufficient to meet the driver mileage range or towing power requirements expected from 

an SUV, for example. 

Another solution to this SUV power problem became evident by 2030, when hydrogen 

or FCV began to be recognised as drive chain for the future and began taking market 

share from PHEV at the top end of the market.  The ultimate disruptors of PHEV were to 

be BEV, starting in the 20s and in addition FCV starting in the 30s, now leading to the 

expected end of PHEV by 2040. 

For the PHEV, it was not only financial incentives that made them popular in the early 

20s.  There were also technology improvements that made the car more appealing and 

every effort was made by the car manufacturers to provide more functionality than the 

ICE.  For example, because the PHEV had a large battery it was capable of cabin heating 

and cooling which ICEs in the EU market were not equipped with and generally the 

PHEVs were sold with higher technology specifications than ICEs.  The electric range of 

the battery also improved, although improved battery capacity while initially an 
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advantage, became the ultimate disadvantage and disruptor of PHEV.  With battery 

charge densities improving the advantages weighed much heavier on the side of BEVs 

that it did for PHEV. 

BEVs now have a range of 600km+, managed by ‘smart’ car navigation software and 

supported by battery technology, which has gradually developed over the previous thirty 

years.  All EV component parts including the battery are made from 100% recyclable 

materials.  Battery efficiency continues to improve but once the battery can no longer 

service the EV efficiently, it is removed and used for second life purposes.  Most EV 

batteries which are removed from cars are used by electricity utility companies for 

electricity storage to balance supply and demand on the national electricity grids. 

Battery storage is also used in domestic renewable energy generation, where electricity 

harnessed from mainly wind and sun energy is stored and released to charge their EV, or 

when demand on the grid requires it.  There is an extensive charging infrastructure, 

particularly in Western EU, allowing cars to be charged at home or at work in a few hours 

or in five to ten minutes at ‘fast-chargers’ stations located on the motorway networks and 

city centres.  Electricity outages on urban fast-charge networks were common during the 

late 2020s but while have become fewer still continue, especially in Eastern EU cities. 

Western EU has the highest level of EV market penetration due to good infrastructure 

and political will.  This drives environmentally responsible policy encouraging the 

generation and sharing of renewable electricity through interconnection and V2G ‘behind 

the meter’ applications.  Although the environment is a concern for drivers in the EU, it 

is cost that continues to be the key reason why most individuals and company fleet 

managers have switched to and continue to purchase EVs. 

Home generation of renewable electricity from mainly solar and wind energy continues 

to grow as car owners and company car drivers charge their EVs overnight using energy 

stored from generation during the day.  In general home generation is much more popular 

as a method to support EV energy expenses as opposed to use of V2G. 

While V2G is still used by a limited number of individual drivers, the buy to sell 

electricity unit price difference that is available at the V2G stations is often not 

incentivising and results in the service not being very popular.  Charging station density 

and plug-in availability in Eastern EU continues to lag behind the rest of the EU.  This 

discourages some car owners, especially intercity drivers in sparse charging station 

network locations to switch away from ICEs.  Some journey distances are still not within 
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the range of an economically priced BEVs in Eastern EU.  Hence, the opportunity for 

PHEVs which help fill this gap.  Indeed, PHEVs are still a good solution for the sparsely 

populated charging stations in Western EU, also where large flat plains exist or in 

mountainous areas where more power is needed to complete journeys especially in winter.  

For company car drivers and commercial/agricultural drivers too, the PHEV is still the 

preferred choice in remote regions of the EU.  Where larger more powerful cars are 

required, the PHEV is still chosen. 

The EU no longer provides financial incentives to lease/purchase or drive EVs.  This is 

because TCO parity was achieved in the EU some years ago, making a BEV the most 

economical car to lease/own and run compared to any other drive chain.  As a result, the 

main European car manufacturers no longer produce ICEs in the EU, however these cars 

are still available to be purchased new from some of their plants outside the EU and from 

other non-European OEMs.  ICEs can still be imported into many EU countries for 

specific car market segments which the BEVs cannot yet fulfil, such as power 

applications required for heavy workloads, etc., 

Low emission zones have also negatively affected PHEVs, especially in the Western EU.  

LEZs are common across the cities of the EU and only BEVs and FCVs are allowed in 

except in many Eastern EU urban areas, where all cars are still allowed in the city but pay 

a tax based on emissions.  Since charging stations can be sparse in parts of Eastern EU, 

PHEVs and ICEs remain on the roads.  As outlined earlier, the PHEVs are usually SUVs 

and larger cars, while the ICEs tend to be larger diesel cars and medium to smaller petrol 

MHEVs and HEVs as shown on Figure 4.13.  A small number of them migrate across to 

Western EU as well and are still supported by a reducing number of fuel stations which 

also support the older ICE/PHEV population of cars remaining from fifteen to twenty 

years prior.  While BEVs have a growing majority share of the total EU passenger car 

market, from 100% of the smaller cars to less than 25% of the SUV and larger segments, 

the only other growing drive chain is FCV. 

The FCV has been very slowly growing a small market share of the larger vehicle segment 

for the past fifteen years which is also reflected in Figure 4.13.  EU car manufacturers, 

especially those also producing larger vehicles such as buses and lorries are also 

manufacturing passenger FCVs in the EU.  Hydrogen has gained, and is continuing to 

gain, considerable market share on public transport and heavy goods applications and that 

technology expertise is translating to ongoing improvements for hydrogen passenger cars 
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too.  This technology transfer is beginning to increase the rate of market share growth 

that FCVs have been enjoying over the past couple of years. 

Therefore, having outlined the final scenario here and in addressing the research question 

– ‘What future do plug-in hybrid passenger vehicles have in the EU private sector fleet’, 

the answer shows that PHEVs will have a function as a bridging drive chain technology 

between ICE and BEV.  This is especially on account of both the EU 95g legislation being 

brought in by the EU in 2021 and continuation of the generous BIK tax reliefs on 

company cars now in place.  However, PHEV technology will be mainly prevalent in the 

EU market in this decade of the 20s, but will eventually be overtaken by BEV, and FCV 

will close its final chapter in the very late 30s. 
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5.0  Discussion and Conclusions 

5.1 Synopsis of the Study 

This thesis addresses the research question – ‘What future do plug-in hybrid passenger 

vehicles have in the European Union private sector fleet?’, by engaging ‘subject matter 

experts’ to develop future scenarios using the Delphi method.  Electric cars, including 

plug-in hybrid vehicles (PHEVs) have existed for many decades but have only began to 

fulfil the requirements for market adoption in recent times.  The reasons for this and the 

knowledge gap identified regarding PHEVs in fleet applications are covered in the 

introductory chapter, Chapter One.  In Chapter Two, a review of the literature regarding 

product innovation, disruption, adoption and market diffusion, together with a study of 

the research objectives, is set out in relation to the PHEV fleet sector in the EU.  The 

synthesised outcomes from the literature, frame the topics investigated in the Delphi 

survey and the entire study methodology is outlined in Chapter Three.  The methodology 

uses a quantitative Delphi survey, followed by qualitative semi-structured interviews of 

the subject matter experts in a mixed methods study, targeting future scenarios out to the 

year 2035.  The opinions of consensus and divergence are analysed using thematic 

analysis to establish the outcomes.  Following an initial pilot Delphi survey, the main 

study is executed, producing the results as assembled in Chapter Four.  Opinions collected 

provide for achievement of the research objectives and creation of scenarios required to 

produce the final PHEV scenario fulfilling the research aim in this thesis. 

The following sections detail the significance of this study in terms of contribution to 

theory and recommendations to practice for stakeholders, and also outline the limitations 

of the study before finally, suggesting areas for further research. 

  

5.2 Contribution to Theory and Existing Research 

As discussed in the introduction to this thesis, the contribution to knowledge and theory 

comes from understanding if PHEV can be considered an innovation platform disruptor 

in the automotive business, servicing the company car fleet sector.  Is PHEV a true 

innovation as defined by Rogers (2010) and can it achieve adoption and diffusion in the 

marketplace as described by Naor et al. (2015) in the literature review (Sections 2.2.1 – 

2.2.3). 
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5.2.1 Contribution to Theory 

At the outset of the literature theory discussion in section 2.2, both the television set and 

the mobile phone were discussed as innovation examples, similar to that of the car and 

were proposed as examples of what the EV and PHEV innovation may look like going 

forward.  To compare with more contemporary innovation theory, an innovation 

framework was then outlined, to which Rothwell, (1994); Chesbrough (2003); Ortt and 

van der Duin, (2008) and Kotesmir and Meissner, (2013) all contributed.  Their research 

appears to be a good fit with contemporary innovation processes, that could describe how 

modern-day service organisations or information technology companies, for example, 

may operate, in an ‘open innovation’ model. 

The framework of six models outlined by Chesbrough (2003) began with a ‘technology 

push’ model, where research and development departments pushed their innovation onto 

the marketplace with no feedback mechanisms in place as to how the market should 

receive this new innovation.  The second model was a ‘pull’ mechanism, where the 

market dictated the requirement and product designers and researchers had to respond 

with a corresponding innovation that matched the market requirement.  The third model 

involved ‘coupling’ the research design department with the marketing function, so there 

were feedback loops between development phases, improving communications and 

shortening delivery time to market.  The innovation that is car electrification, is certainly 

not described by any of the first three models in this framework. 

The fourth ‘interactive’ model of the framework further improves on the prior model, 

integrating combinations of both ‘push’ and ‘pull’ models and involving external 

organisation linkages.  The fifth-generation model provides a ‘network’, where external 

organisations have input to the various functional departments within the innovative 

organisation, drawing upon innovation expertise from outside the firm or organisation.  

In assessment of PHEV innovation, when compared to models four or five, there is 

correlation with linkages to an external ‘network’, but not for consultation or 

communication on direct innovation, such as car design or manufacturing knowhow.  The 

network has more to do with linkages to unrelated design parties, such as charging 

infrastructure firms and battery suppliers. 

The sixth and final model of the framework describes an ‘open innovation’ idea, which 

defines various possibilities for innovation generation, building upon all the framework 

models.  The ideas for innovation can again come from external sources, but in addition 



152 
 

this time the innovation organisation maybe outside the main firm and that firm may 

licence an external partner to provide new innovations independently.  This could be any 

number of processes, including subcontract of design, manufacture or marketing and 

distribution. 

When comparing the automotive industry to the six generational models outlined by 

Chesbrough (2003), it is clear with contemporary examples from the automotive industry, 

that car manufacturers are not going to subcontract or licence the responsibility for a new 

drive chain innovation, like electric cars, to an external organisation.  An ‘open 

innovation’ model is not a suitable model to use, when predicting car electrification.  A 

‘closed’ model is more appropriate, where the innovation organisation retains that 

research and design functionality internal to its own organisation. 

Therefore, considering the six steps to the ‘innovation development process’ as defined 

by Rogers (2010) in Section 2.2.1 of the literature review, the findings from this PHEV 

study are more in alignment with Rogers innovation theory.  There is just one key 

difference with regards to step 2, ‘basic applied research’, because the PHEV had already 

existed.  There was no radical new invention required, but instead incremental 

improvements to an existing technology, that now became the innovation process.  

However, this innovation does involve the enlistment of core skills from support sectors 

such as charging infrastructure companies together with battery suppliers, all in 

collaboration with environmental and government organisations, driving the whole 

incremental innovation process forward. 

The ‘need’ or problem to be solved (step 1 of Roger’s innovation development process) 

was identified when the need to reduce carbon emissions was required to help solve the 

climate change problem.  Step 3, ‘development’ is partly true for the PHEV case, as the 

concept was already developed, but technology improvements were necessary to make 

the drive chain a competitive solution.  ‘Commercialisation’ (step 4), is also complete 

with working available models already on the road in a limited capacity.  The findings of 

this study show that the PHEV is currently at step 5, the ‘diffusion and adoption’ phase. 

Step 6 are the ‘consequences’, which are the effects on the consumer population and how 

changes that PHEVs are bringing about to make consumers think differently now 

compared to the past.  Despite limited market diffusion at this early stage in the product 

life cycle, some of these consumer changes are already becoming evident from the 

research findings.  Consumers are experiencing electric driving for the first time but are 

already looking to the future and viewing PHEVs as the ‘bridging technology’ to totally 
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electric cars.  The PHEV is beginning the ‘take-off’ phase of the product life cycle as 

defined by French et al. (2016).  The results of this study show that this ‘take-off’ really 

starts in 2021 as major emission legislation takes effect. 

Ultimately, will PHEV replace ICEs or coexist with other drive chains?  The scenarios 

outlined in the results section suggest the answer is one of coexistence, but the creation 

of these scenarios has come from new knowledge contributed, as a result of achieving 

each of the research objectives in this study. 

 

5.2.1.1 Contribution to methodology theory 

Achieving these research objectives has been completed by implementation of a 

phenomenological methodology developed using mixed methods for this study.  The 

methodology theory outlined in section 2.4, examines many predictive methods used to 

forecast the future.  Whether it is analysis of existing databases using bottom-up, top-

down or an equilibrium of accounting methods, data can be existing or can be collected.  

Surveys have been a favoured method of data collection, but usually combined with an 

additional cross-sectional study.  The additional study may be to triangulate or further 

investigate results from the first study.  The second study could be a focus group or use 

roleplay methodologies, for example, to create forecast scenarios.  

When it comes to automotive research, Krause et al. (2016), Pernestål et al. (2017), 

Degraeuwe et al. (2017), Rowe et al. (2017), Cairns et al. (2018), Liu and Xiao (2018) 

are among the many researchers that have all used scenario-based methodology to 

forecast the future of EVs.  Rowe et al. (2001), Warth et al. (2013) and Zimmermann et 

al. (2012) went one step further and included ‘Expert opinions on forecasting’.  They 

identified that using ‘experts’ as participants in the survey, collected better quality data 

and by using the Delphi method they could also greatly reduce bias.  Researcher and 

stakeholder bias are problematic issues with previous methods.  Given that scenarios are 

a descriptive way for forecasting future events, the methodology of Zimmermann et al. 

(2012) was added, which included a Delphi survey and semi-structured interviews to 

produce EV scenario projections. 

Finally, in addition to adding interviews to confirm consensus and clarify divergent 

opinion, a further contribution to methodology theory came with the creation of ‘themes’ 

using thematic analysis, from which the scenarios could be written.  Thematic analysis of 
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the interview transcripts completed the methodology used to write the scenarios, that 

fulfilled the research objectives of this thesis.  

The literature synthesis in section 2.5 has guided the research objectives and together with 

the new knowledge uncovered, future scenarios were produced fulfilling the research aim.  

The following discussion relates the existing literature regarding each of the objectives to 

the new knowledge gained from this research study. 

 

5.2.2 Battery development 

Battery development is seen as one of the more important and influential objectives when 

it comes to predicting the future of EVs.  Over the past decade the literature frequently 

discusses the potential of a so called ‘super’ battery, often suggesting that such a battery 

would be required for the success of EVs.  Indeed, scaling up the successes of mobile 

phone batteries to service the needs of an EV in the same way, is being researched at 

Bristol University and is among the many efforts to attain this ‘Super’ battery idea.  The 

results of this study here suggest both in the Delphi quantitative survey and the qualitative 

semi-structured interview study that there is no requirement for a ‘super’ battery in order 

to make EVs successful, but is more aligned to the efforts of Chen et al. (2018) and Xia 

et al. (2018) to improve existing battery technology by enhancing the electrodes of the 

battery to hold more charge using proposed ‘carbon nano flakes’ technology. 

There is also agreement with Akbari and Fernando (2016) that mapping the battery 

discharge time to the charging infrastructure using software such as is used in satellite 

navigation tools will be the way to achieving EV dominance.  This study agrees too with 

the literature, finding that ‘Wireless power transfer technology’ (Limb 2016) will not be 

a driving force in the future of EVs, owing to the capital structure and roadway installation 

costs involved. 

On the other hand, results disagree with the research of Hua et al. (2018) regarding battery 

‘Swap’ technology.  Again, outcomes from both the Delphi quantitative survey and the 

qualitative semi-structured interviews display no reason to suggest that battery ‘swap’ 

infrastructure scenarios will result in the future of the EU automotive sector, because there 

are no car manufacturers in Europe that are designing, or plan to design, batteries that are 

easily removable.  Instead, the preferred design is a floor panel of battery packs, which 

lower the car centre of gravity, improving the stability of the car on the road. 
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The final point mentioned on the literature synthesis for battery development discusses 

battery recycling.  In the literature, leading EV manufacturer ‘Renault’ is discussed.  

Renault have already begun the removal of EV batteries for repurpose in electricity 

storage applications at their two electricity storage plants at Douai and Cléon in France.  

This repurpose is echoed in the results of the battery scenario in this study, which outlines 

a second life use in renewable electricity storage once the battery is removed from the 

EV.  Furthermore, the scenario also predicts a fully recyclable outcome following the 

eventually battery ‘end of life’. 

 

5.2.3 Alternative Drive Chains 

For the future of alternative drive chains, specifically the main competitors of EVs which 

were seen as ICE and hydrogen fuel cell vehicles (FCV), the literature was divided on 

their successes in the coming fifteen years. 

Some researchers considered the real possibility that ICEs could survive the EV era 

(TyreeHageman, J., 2018), while others examined the continual penalization of ICE by 

governments leading to their demise (Worrall and Runkel, 2017).  More see the future in 

FCVs, claiming that hydrogen is the ultimate solution for the car industry and the 

environment, plus FCVs can also help balance the grid (Robledo et al., 2018).  Most of 

the opinions collected for this study were also divided for similar reasons, but the final 

scenario portrays a minority market share for both ICE and FCV compared to BEVs.  In 

fact, a ‘wildcard’ scenario was created for FCV since the results showed that the impact 

on BEVs would be very disruptive if FCV became popular in the next decade.  However, 

a far more likely scenario predicts a small, but growing market share by 2035 and that 

FCVs would eventually disrupt the car market some years later. 

 

5.2.4 Charging Infrastructure   

When it comes to discussing the charging infrastructure, the literature highlights the 

availability of charge stations and the importance of V2G and ‘Behind the Meter’ 

renewable energy.  Gnann et al. (2015) suggested that EVs may still be successful even 

if charging was mostly only possible at home and at work locations.  This implied that an 

extensive charging network was not necessarily necessary for EVs to penetrate the market 

in the EU.  Research completed by Du and Ouyang (2017) concluded that V2G could be 
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a consumer revenue stream for drivers, also helping to balance the electricity grid at peak 

times.  However, the findings in the results section above suggest otherwise, in both cases. 

Along with home and work charge stations, a strong and extensive public charging 

network is required with fast chargers located on the motorway systems and in city centres 

for EVs to progress.  V2G, while in the future would be available in the market, would 

not be so popular due to lacking financial incentives.  On the other hand, the charging 

scenario outlined in the results section does include ‘behind the meter’ possibilities also 

put forward by Sedef (2015) and Capasso et al. (2017), where renewable electricity 

produced in domestic and work locations will be financially and environmentally popular 

as methods to charge EVs and help balance the grid at the same time. 

 

5.2.5 Government Influences 

With regards to government influences, both financial incentives and environmental / 

pollution legislation were significantly discussed in the literature.  Many studies showed 

that financial incentives promoted the sales of EVs and indeed researchers, such as Peters 

and Dütschke (2014); Kormos (2016) and Ou et al. (2017), all proved that in different 

markets, incentives worked and convinced car buyers to make the switch from ICE to 

EV.  The question really was: would this approach continue to work and the answer 

coming from scenarios developed in section 4.3 is that gradually incentives would no 

longer be required.  By 2035, it is expected that EVs, and in particular BEVs, will be 

competitive and even more competitive to purchase than ICEs.  For the individual, the 

purchase price will be lower and for the fleet managers, the total cost of ownership (TCO) 

for a BEV company car will be lower to lease or purchase than an ICE.  TCO parity on 

company cars will be reached even before 2030. 

In terms of environmental legislation, results are mostly aligned with the literature 

revealing agreement on higher taxes for higher emissions (Degraeuwe et al., 2017) and 

implementation of low emission zones (LEZs) in urban areas to reduce pollution, starting 

with the larger EU cities.  Hooftman et al. (2018) argued in their study of LEZs, that 

governments will need to do much more to ensure that these urban areas operate 

environmentally as intended by national and local government bodies and noted that the 

LEZs growth would then be even greater. 
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Other legislation mentioned in the literature review and synthesis which has also appeared 

in the results is the 2021 95g/km CO2 emission rules levied on car manufacturers.  This 

study shows that the 95g average fleet limit ruling by the EU was the first significant step 

towards promoting car electrification, starting with the mass production of PHEVs.  And 

like LEZs, this was yet another imposed rule placed by the EU on the car industry which 

has forced EV innovation. 

When looking from the consumers perspective, the literature shows that most researchers 

place a little more weight on the car owner environmental conscience, whereas, the results 

in this study shift that weight more towards financial reasons for switching to an EV.   

Both Meinrenken and Lackner (2015) and Mills and MacGill (2017) were concerned that 

overall emissions, whether produced locally at the car tail pipe or somewhere else from a 

power station chimney, were still being emitted into the environment as a result of driving 

a car.  However, the results in this study show that most car owners, either private or 

corporate, are first convinced by financial advantages and then by environmental benefits, 

but rarely the other way around.  Drivers are happy to help the environment but only if 

financial requirements are met first.  This view is aligned with one researcher in the 

literature, Carley et al. (2013), who predicted this outcome. 

The same is true when it comes to renewable electricity.  Carlini et al. (2019) researched 

the need to have renewable energy entry points to the electricity grid which would be 

needed for EVs.  However, one key message, which was repeated many times in the 

results of this thesis, was that most EV drivers did not think much about where the 

electricity was generated for the charge station that they plugged into. 

Finally, interconnectors between countries were also seen as necessary by researchers 

such as Newbery et al. (2018) to provide the possibility to share the various types of 

renewable energy available in different countries.  The results in section 4.3 described a 

scenario where interconnectors may be fewer than predicted due to lack of capital 

investment and political willingness in many countries.  There is an ongoing and 

increasing level of renewable input to the national electricity grids of the EU and this 

trend is set to continue. 

However, results have also shown that most countries are using this renewable resource 

for their own country consumption to maximise their ‘green’ energy percentage.  

Therefore, the sharing of renewable energy between countries that have it with those that 

do not, may not be happening as much as researchers like Newbery et al. (2018) had 
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suggested.  This then implies that those countries with little renewable capability are 

powering their EVs with fossil fuel generated electricity. 

 

5.2.6 Car Sharing 

The final research objective discussed and included in the literature synthesis for which 

results were obtained in this study was that of ‘car sharing’.  In general, there is alignment 

with the results of this study for the general population but less so for the corporate sector. 

The literature concurs that BEVs will be the benefactors of car sharing purely because the 

results show that car sharing in the general population is likely to occur only in larger 

urban ‘pockets’ within Europe, where BEVs will have almost the entire market share.  

However, the literature outlines research undertaken by the ‘Corporate Vehicle 

Observatory’ in 2018 which reflects 37% of fleet managers adopting car sharing programs 

in their companies. 

The results in section 4.3.5 shares consensus from both the Delphi quantitative survey 

and the qualitative semi-structured interview study that car sharing will not be prevalent 

in the corporate sector apart from car-pooling between employees.  Car-pooling is seen 

as a variation on car sharing in the literature through the use of ‘ride sharing’ companies 

such as Uber.  In this respect there is agreement between the literature and the results 

regarding the ‘car-pooling’ model of car sharing in the corporate sector. 

Fulfilling each of these objectives lead to the scenarios produced in section 4.3.5.1.  The 

final PHEV mixed drive chain scenario in 2035 forecasts that indeed PHEV will disrupt 

ICE and will be adopted by the fleet sector but never fully, because PHEV itself will be 

disrupted by BEV and FCV before ICE is eliminated.  Hence, resulting in the mixed drive 

chain model for 2035. 

 

5.3 Recommendations for Practice 

Examining the practical outcomes for the fleet sector will aid future fleet investment 

strategy.  In particular, it is a guide to lead-time on changing strategy as the automotive 

market moves from one drive chain life cycle to the next. 
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Typically, company cars have a finance lease of three to five years, which means that a 

fleet manager needs to plan their investment strategy at least five years in advance.  The 

following headings discuss what should be considered when putting this investment 

strategy together. 

 

5.3.1 Fleet Operations in the Future  

In this study, consensus was reached regarding stakeholder expectation for battery 

development, mileage range and recharge time by 2035.  The battery scenario predicts a 

minimum range of 600km in pure electric driving from one charge and five to ten minutes 

to recharge to 80% again.  Otherwise, cars would recharge 100% overnight when the 

recharge time is not of concern.  In addition, once the battery is no longer efficient enough 

to meet the cars power requirements, it would have a second life as an electricity storage 

device, providing support for the renewable energy sector both publicly in utility 

infrastructure and domestically in homes and workplaces.  Finally, when the battery is 

truly ‘end of life’ some 20+ years later, it will be fully recyclable having been 

manufactured from all renewable materials. 

For the fleet manager, whether their EV fleet is PHEV or BEV they have no concerns 

regarding the battery of a new EV, however, if their strategy is employing lease or 

purchase of second hand vehicles, then consideration needs to be given to battery liability, 

especially when it is the most expensive component.  For fleet EVs which are remarketed 

by the leasing provider for a second or even third term, then the fleet manager must agree 

the battery conditions and factor in the finance options, whether the battery replacement 

cost should be the responsibility of the lease provider or customer. 

Either way, the TCO must reflect this responsibility and all risk associated with the cost 

of a new replacement battery and disposal or resale of the used battery, all becoming part 

of the component cost profile of the lease. 

 

5.3.2 Drive Chain Transition  

As outlined in the ‘combined scenario’ in section 4.4, diesel cars will no longer be 

manufactured by Western European car companies in the EU.  However, existing and 

imported diesel cars will still have a minority but decreasing share of the larger vehicle 
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segments in the EU.  This will be especially noted in Eastern countries, where transition 

to EVs has been slower mainly due to poorer charging infrastructure. 

Hydrogen cars will also have a minority, but growing share of this high-end market as 

they slowly gain popularity.  PHEV will have the largest share of the luxury and large car 

classes, including SUV.  However, the PHEV will continue to lose share to both BEV 

and FCV as the 30s decade progresses.  Petrol and HEV/MHEV will also have a large 

part of the mid-size passenger car market and a minority share of the larger cars, both a 

continually reducing market for this old ICE.  Therefore, EVs see off the threat of ICE 

drive chains by 2035, although this is not disrupting all of the old ICE market due to ever 

encroaching hydrogen FCV technology. 

The combined scenario suggests hydrogen to be the ultimate market disruptor, but not 

before 2035.  For the fleet manager, it means that investment in PHEV needs to begin.  

The fleet manager should familiarise themselves with the incentive programs for EV 

adoption by country and identify TCO profiles within their fleet that optimises cost 

without affecting performance.  The fleet providers can easily assist with this task as they 

are familiar with the driver profiles.  Informing the driver of any BIK tax benefits and 

free specification upgrades, often available with PHEVs at the time of re-order, is the 

final step on the journey to executing a fleet drive chain transition program.  Preparations 

to migrate company car drivers, as appropriate, to hybrid electrification needs to start, 

keeping in mind all the concerns outlined in the discussion above.  Fleet investment 

strategy will be guided by the drive chain transitions from mostly diesel ICEs to PHEVs 

and BEVs converging on a mixed model fleet by 2035. 

Any adoption of BEVs can only be considered if the TCO and range requirements of the 

driver profile are first met.  After that, then the infrastructure should be addressed and 

will be discussed in the following section.  The everchanging landscape of the fleet market 

is predicted to move slowly towards hydrogen thereafter, as FCVs become the ultimate 

market disruptor on the automotive horizon. 

 

5.3.3 Infrastructure 

There was consensus that both home and workplace charge stations would be sufficient, 

as would the public infrastructure, in Western EU to support car electrification by 2035.  

However, the infrastructure scenario does account for some ongoing development of the 
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charging infrastructure in Eastern EU, where the public charge station density has still 

not reached an optimum level by 2035.  Concern also exists regarding the local electricity 

grid being able to support ‘fast-charger’ plug-in points at peak times, especially in high 

density city centre locations. 

In fleet terms, the fleet manager will need to install workplace charging points and prepare 

a rollout plan for employee reimbursement of employee electricity costs and agreement 

on home charge installation.  The company can agree for the driver to install their own 

charger at home for a fixed allowance accepting all liability for the installation or appoint 

their own contractor to ensure that it is done correctly.  They will have to establish a 

transition plan to EVs in line with local charging infrastructure, matching their employee 

job role car requirements with drive chain suitability. 

An assessment of the geographically fleet area that the company covers in conjunction 

with the fleet partners and or charging network consultancy firm, should be completed.  

This would establish the drive chain suitability for the fleet.  The fleet manager or fleet 

providers should already know the territory and refuelling patterns of the drivers, to match 

to any new drive chain requirement such as charge stations or fast-charge stations.  It 

would then be possible to consider the suitability of a driver profile to a PHEV or BEV 

for example. 

 

5.3.4 Environmental Roadmap 

Concerning environmental scenarios and the availability of renewable electricity to power 

an EV generation by 2035, the fleet manager needs to consider a fleet development plan 

or roadmap that aligns with environmental concerns. 

In section 4.3.2.1, the Infrastructure scenario outlines consensus on sufficient renewable 

electricity being available in most EU countries to support the EV population.  However, 

the results also show that renewable electricity generated locally from ‘behind the meter’ 

technology will be very popular with homes and businesses in reducing their EV expenses 

but also providing a very positive environmental impact. 

Again, for the fleet manager they will need to consider installation of ‘behind the meter’ 

applications at their workplace to avail of potential fleet cost savings and prepare to 

reimburse drivers for renewable energy home charging.  This will likely mean installing 

solar panels and or wind turbines on company property within the planning laws of local 
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government.  Facilities management within the company will have to adopt responsibility 

for its maintenance and operation and together with the finance department set up a 

renewable energy sub-department or section to record output.  Finance will also need to 

install an additional expense tool or payroll software addon to compensate company EV 

drivers for the electricity used.  This could be based on a fixed rate per kilometre or actual 

meter reading potentially obtained remotely through car telematics or a meter at the home 

of the employee.  The electricity unit rate used for home generation would either be, 

agreed between the employee and the company, or set by the local government tax 

department depending on the country. 

Whatever the case, the company needs to ensure a competitive electricity price, be it at 

home or at the workplace.  Both prices should be possible to control.  The price at the 

public charge stations and especially the fast-charger networks will need to be monitored 

and minimised to avoid paying the higher uncontrollable charging costs. 

For environmental legislation and financial incentives or government influence that may 

favour PHEVs by 2035, the ‘government influence scenarios’ in section 4.3.4 details the 

more likely outcome.  Many low emission zones (LEZs) across the EU will prevent all 

non-zero emission cars, including PHEVs, from entering many major urban areas in 2035.  

Only BEVs and FCVs will be allowed to enter in the strictly operated LEZs located 

mainly in Western EU.  Each business that currently operates an ICE company car fleet 

needs to create a strategy for dealing with urban mobility.  Either they electrify the entire 

urban use fleet or work to identify an alternative mobility solution using public transport 

or a third-party mobility partner.  In Eastern EU cities, some city councils allow all cars 

to enter, but will ‘tax’ drivers by the emission level of their car. 

Following years of government financial incentives, EU countries no longer continue to 

provide incentives for any kind of EV by 2035, mainly because BEVs are cheaper to 

purchase and operate compared to ICEs.  For the fleet driver, tax advantages regarding 

EV lease or purchase cost and the reduced tax on BIK will present challenges for the fleet 

manager as the move to PHEVs and BEVs is driven by the employee.  Companies also 

want to take advantage of these tax savings tasking the fleet manager with balancing the 

total cost of ownership (TCO) with drive chain suitability to the job role.  Again, 

employment of a third-party mobility partner, with special expertise in dealing with 

mixed mobility solutions, will be required for Eastern EU cities, especially for companies 

that need to maintain a mixed drive chain fleet due to infrastructural practicalities.  The 
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only other option, if environmental concerns are not a high corporate priority, is to set 

aside a budget for paying higher fleet taxes within the LEZs. 

 

5.3.5 Company Car Sharing Considerations 

The car sharing scenario describes a limited appetite for adoption, which is mainly 

confined to the younger generation living in the larger cities of the EU.  Consequently, 

BEVs are used for car sharing in the general populations purely because it is confined to 

large urban ‘pockets’ where BEVs dominate the city dwelling small car segments. 

In respect of corporate company car fleets, there was consensus that car sharing would 

not be present, apart from car-pooling in cars owned by either the employees or the 

company.  In the general population there was consensus too that car sharing would not 

be popular outside of urban areas, with people preferring to own their own cars and 

preferring not to share them outside of their family circle.  For the fleet manger, it should 

be possible to address any limited car sharing requirement by agreeing with their fleet 

provider an allocation of ‘pool’ cars for sharing if the need arises. 

The results of this study show that corporate car sharing will not be prevalent, but for 

assurance the fleet manager should complete an assessment of the company car driver 

expectations to identify any specific or unexpected car sharing requirements. 

 

5.4 Limitations of this Study 

Considering the limitations of this study, only passenger cars were included in the scope.  

Clearly, there is also much interest both in the general population and the corporate sector 

in light commercial vehicles (LCV), and also in larger vehicles like buses and lorries that 

could be electrified. 

During the course of this research LCVs were often mentioned in the SuME interviews, 

and although outside the scope of this study, were acknowledged as another knowledge 

gap that needs to be filled in the automotive sector.  There is a wider scope covering the 

transportation industry; small and medium business owners and larger commercial fleets 

in the corporate sector that could also be researched.  Potential electrification of aircraft 

and marine shipping may also be an interesting research area for the future. 
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Only the European Union was considered within the geographical scope of this study.  

China is another key geography of interest, especially to vehicle electrification.  China is 

a major competitor to European electric car manufacturers and much of the literature 

indicates a strong future for EVs in China. 

As mentioned earlier, this study focused on the corporate fleet sector in the EU, but 

specifically on EVs and more specifically again on PHEVs.  Throughout the duration of 

this research much has changed in the car industry, and also in the fleet sector.  The rate 

of change concerning EV innovation has become greater and is most notable in the EU.  

This is mainly because of government imposed influences, encouraging consumer 

demand with financial incentives as well as also discouraging old consumer habits 

accustomed with ICE purchases.  This artificially created demand has provided 

confidence to the OEMs to invest in researching new environmentally friendly car 

technology. 

Further change management milestones, to discourage use of old ICE technology, have 

accelerated the advancement of EVs and their availability to the consumer.  This rate of 

change has been accelerating during the course of this study, which has limited the pursuit 

of some opinions generated at the quantitative Delphi stage.  Rapid change within some 

companies, due to governments drastically pulling forward target dates on emissions, for 

example, has led some companies to do a U-turn on decision making, resulting in SuMEs 

offering a different opinion at the later qualitative interviews stage. 

At the start of this study, there were only a handful of poor performance EVs available in 

the market.  Currently almost every Western European car OEM has electrified cars for 

sale, providing hundreds of options to customers looking to make the switch from ICE to 

EV.  Of course, the performance of EVs is still not adequate to meet many driver 

requirements, but as the scenarios in this study predict, the EU company car driver is 

going electric and at a much faster rate than ever before in history, considering the EV 

has been in existence for over a century.  So much so that one car manufacturer had stated 

at the beginning of this study, that they would not be following an electrification strategy, 

yet has recently launched their first EV. 

Another important event which has greatly affected every stakeholder in the fleet sector 

on a global scale is the recent Coronavirus COVID-19 pandemic.  This unexpected event 

caused the car industry to shut down all production and sales in the EU for almost two 

months or more in early 2020.  The effects of this shutdown are still not fully understood, 
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but the reduced manufacturers revenue in 2020 due to no car sales of any type during that 

shutdown period has also reduced their EV development budgets, as discussed in the 

results already. 

This may mean that more PHEVs and BEVs are produced as a percentage of market share 

but for sure it means there would have been fewer cars of all drive chains produced in 

2020.  Does this mean the delayed introduction of PHEVs and BEVs over the next few 

years on into this decade?  These recent developments and the continuation of the 

COVID-19 pandemic place further limitations on this study. 

Finally, the methodology chosen for this study involved surveying and interviewing 

‘subject matter experts’ which had to be limited to twenty-five participants for the Delphi 

survey and fifteen for the semi-structured qualitative interviews.  Clearly, larger numbers 

of participants in each of the panels would have enriched these results and this has to be 

accepted as a limitation in this study.  Also, qualitative data collection and analysis 

involves unavoidable researcher interference and bias.  While every effort has been made 

to keep such bias to an absolute minimum, it is widely accepted that it cannot be 100% 

eliminated and which is acknowledged here. 

 

5.5 Future Research  

Further research on other drive chains would fill other knowledge gaps for the automotive 

stakeholders also - the obvious drive chain is ‘Hydrogen’.  The findings of this study 

predict that the hydrogen fuel cell car will disrupt the BEV market in the next couple of 

decades, having first captured the road freight and public transport market.  There are 

many very significant challenges the FCV must first overcome and many questions 

remain unanswered, not just about the development of a suitable hydrogen network, but 

also about the environmental extraction and generation of the fuel. 

Although some researchers have already begun investigating V2G for FCV, such as 

Robledo et al. (2018), there remains significant potential for local ‘behind the meter’ 

opportunities for hydrogen to be discovered.  Continued study of hydrogen cars and how 

they will support the fleet sector would be of tremendous research value, extending the 

prediction scenarios beyond 2035 and into the 2040s. 

Leading on from the LCVs mentioned in the limitations above, the research for this study 

identified many stakeholders that are also interested in the future proposition and 
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requirements of the commercial road fleet.  It would be interesting to use the same study 

methodology to address LCVs, to understand which path to electrification that that fleet 

might follow. 

In addition to this, as ‘drone’ delivery moves beyond trial stage, will there be a need to 

have an LCV fleet in the future?  Many parcel and distribution companies like ‘Amazon’ 

are considering other transportation methods that may replace the traditional road vehicle 

delivery. 

The same is true of the need for passenger car fleet.  Remote working and selling online 

is becoming more and more the norm and has even been accelerated forward in recent 

times due to the COVID-19 pandemic.  Before the pandemic, many businesses would 

have not considered virtual meetings as a replacement for face-to-face commercial or 

even clinical meetings.  Now that many of those businesses have been forced to use a 

virtual media, those that have had a favourable experience are more likely to consider a 

virtual meeting using video conference in the future, as it is much more convenient and 

cost effective than getting into a car and driving for hours perhaps, to meet a customer. 

Post COVID-19, we may be looking at a reduced passenger car fleet.  It would be valuable 

to study these remote working effects and outline some future state analysis for the fleet 

stakeholders.  The coronavirus pandemic is also reducing the investment budgets of many 

stakeholder organisations, as mentioned in the charging infrastructure findings under 

renewable energy availability.  Further research could be completed to understand what 

effect this will have on the fleet industry, perhaps delaying or even denying some drive 

chain adoption by the market. 

Another of the findings in this study relates to local electricity grid outages due to 

increased EV changing power densities.  This problem maybe further exacerbated by 

‘Autonomous’ driving, also mentioned in this study and is an area of research affecting 

the automotive sector, which is very closely relating to BEVs and PHEVs.  There are a 

lot of researchers already involved in this subject, of course, but mainly from a technical 

perspective. 

It should also be investigated and established for what autonomous driving would mean 

for car sharing applications for example, and what it could mean for sales fleets in the 

corporate sector.  Sales productivity may increase multi-fold due to autonomous driving.  

This potential development could, in turn, lead to increased electricity demand on our 

national grids as there is more of a move to electrifications and so on. 
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5.6 Conclusions 

This thesis addresses the research question – ‘What future do plug-in hybrid passenger 

vehicles have in the European Union private sector fleet?’  This question is of great 

concern to the company car fleet sector because there is currently no research available 

to advise them.  We are at the brink of a car and fleet revolution, as stakeholders try to 

grapple with conflicting opinions, while trying to assemble an investment strategy for the 

future of car electrification. 

The research methods employed to complete this study involved a mixed methodology, 

which first engaged ‘subject matter experts’ to collect opinion, by carrying out a 

quantitative Delphi survey that was aligned with the literature and research objectives.  

Results from this survey were further studied using a qualitative semi-structured 

interview process, on top of which thematic analysis was applied.  This analysis produced 

findings that allowed the research aim to be achieved by the development of future 

scenarios. 

In relation to the results of this study, the findings are outlined in the final scenario, which 

predicts a multiple drive chain fleet market in the EU with a transition from ICE to PHEV 

and BEV taking place in the next ten years.  The transition is mostly to PHEV in the 

shorter term and then, increasingly to BEV as the decade progresses.  By 2030, hydrogen 

‘fuel cell’ cars will begin to disrupt the market with a minority, but growing share.  PHEV 

will also have a minority but decreasing share, while BEV will have the majority share 

of the EU passenger car fleet market by 2035.  The move away from ICE will be slower 

to take place in Eastern EU, compared to Western countries but all government financial 

incentives will have ceased by the end of this decade.  By then, EVs adoption will make 

financial and environmental sense, with BEVs more cost effective to manufacture and 

purchase than ICEs. 

The main contributions to theory and practice come with the establishment that no 

technology ‘leap’, especially regarding battery design, will be required to make EVs 

successful.  Environmental concerns regarding climate change will not be enough on their 

own to drive the transition away from ICEs.  Government legislation together with 

incentives will be necessary during this decade to move the process forward. 
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On the other hand, while renewable energy will not be the main concern for drivers in 

making a decision to drive an EV, it will however, become a revenue stream for domestic 

electricity generation in the home.  Finally, the advancement of hydrogen cars will not be 

significant in this decade but will eventually become a major market force by the end of 

the following decade. 

This thesis provides valuable information to the EV and automotive industry, but 

specifically for the company passenger car stakeholders in the corporate sector as they 

struggle to create a fleet electrification strategy to serve the immediate and long-term 

future. 
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Appendix I: Delphi Survey 

Survey: 

Below is a list of 15 driving forces (themes from my literature review) researched when 

analysing the future of car electrification.  As outlined in my project introductory email, 

I request your numerical feedback on each of these forces as follows: 

- Expected probability of occurrence in EU by 2035 - (Estimate on a scale of 0-100%) 

- Impact on PHEVs in EU company car sector - (Scale 1-5, very low (1) to very high (5) 

- Desirability of occurrence - (Scale 1-5, very low (1) to very high (5) - In order to 

understand how much you would wish it to happen. 

 

Driving Forces in the year 2035: 

1- Battery Technological Leap, The Super Battery is usable and affordable in the EU  

         [        %],[     ] ,[     ] 

2- New replacement drive chain like Hydrogen dominates the EU company passenger car 

market         [       %],[     ] ,[     ] 

3- V2G, electricity being sold back to the grid is popular   [         %],[     ] ,[     ] 

4- Recycling electric car batteries at end of life is no longer an environmental issue  

         [         %],[     ] ,[     ] 

5- Government financial incentives are available for lower emissions cars in most EU 

countries – e.g. Lower taxes, tax credits, cash grants, etc..   [        %],[     ] ,[     ] 

6- NOx pollution containment using abatement technology is sufficient to maintain diesel 

as a competitive option       [        %],[     ] ,[     ] 

7- Renewable electricity energy sources are sufficient in EU to meet PLUG-IN car needs, 

hence, genuine CO2 savings       [        %],[     ] ,[     ] 

8- International Electricity interconnectors with the possibility for countries with no 

renewable energy to purchase it from those that have  [        %],[     ] ,[     ]     

Please turn the page to continue….. 
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9- Legislative urban bans allowing only zero emission cars in most EU cities 

         [        %],[     ] ,[     ] 

10- Charge stations at most parking spots in public car parks  [         %],[     ] ,[     ] 

11-Alternative battery swap facility at charge stations on most motorways   

         [         %],[     ] ,[     ] 

12- Private domestic charge stations also extracting electricity behind the meter from 

local renewable sources       [         %],[     ] ,[     ] 

13- Car sharing in the most of the general population   [        %],[     ] ,[     ] 

14- Company passenger cars are not normally shared so car sharing in not popular in the 

company car fleet        [        %],[     ] ,[     ] 

15 - PHEVs are a popular choice for the company passenger car fleet because unlike 

ICEs, they are allowed in most EU urban ban cities    [        %],[     ] ,[     ] 

In the space below, I would welcome any comments or opinions you have that would help 

explain the reasonings behind the score you have given above. 

Please respond with your feedback within the next three weeks. 
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Appendix II: Thematic analysis – code generation 

 

NVivo software version 12 

 

NVivo software version 12 
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Appendix III - Interview Guidance for Semi-Structured Interviews 

1 - Battery Technological Leap, The Super Battery is usable and affordable in the EU 

(Most believe this is already happening but no willingness to pay more once 600km 

charge range is achieved) 

Divergent: Majority agreement but No consensus, not so committed to a ‘YES’ vote. 

Will the current continued battery improvements meet the requirement by 2035? Why? 

Do you think car owners would pay additional money for additional mileage range? 

(Range extender) Why? (What do you believe that range to be and will it be achieved by 

2035?) 

Is there no longer need for a super battery capable of say 1000+ km range? 

Do you feel the impact on the fleet sector or your desirability for this to happen has 

influenced your opinion here? 

 

2 - New replacement drive chain like Hydrogen dominates the EU company passenger 

car market  

Consensus: to disagree.  

Do you think Hydrogen infrastructure will not be built out sufficiently into a usable 

network and hydrogen cars will be uneconomic for most drivers? Why? 

Are there any circumstances in which you see Hydrogen succeeding by 2035? (Wildcard 

impact) 

What impact would a hydrogen car have on the fleet sector if it were to be successful? 

(Wildcard impact) 

 

3 - V2G, electricity being sold back to the grid is popular  

Divergent: Majority agreement but No consensus, not so committed to a ‘YES’ vote  
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Do you think Plug-in EVs will be capable of V2G and selling electricity back to the grid, 

but less advantageous electricity unit prices will not encourage many to actual do it? 

Reasons why? 

Is V2G not impactful upon the fleet sector? Why? 

Do you think your desirability to have this bidirectional infrastructure has influenced your 

judgement? 

 

4 - Recycling electric car batteries at end of life is no longer an environmental issue (Only 

a little of half believe this problem can be solved, the rest see it as big issue for the future) 

Divergent views:  

There are in fact no comments disputing projection 4, so there are indications of 

agreement here but need to be examined further by interview starting with:  

Will Battery recycling for environmental protection be compulsory or possible by 2035 

and is there a disposal fee at battery end of life? Why? 

Why do you think this projection is not impactful on the fleet sector? 

Do you think battery recycling desirability has influenced your view here? 

 

5 - Government financial incentives are available for lower emissions cars in most EU 

countries – e.g. Lower taxes, tax credits, cash grants, etc... (Slightly over half believe 

incentives will be completely gone while the rest think some kind of incentives will 

remain) 

Divergent views: Bimodal agreement 

Further investigation by interview is required to understand this complex result, starting 

with Will Governmental financial incentives such as tax credits, cash grants, etc... mostly 

disappear during the 20’s? Why? 

Do you think any geographical areas in Eastern Europe or elsewhere will still encourage 

EV adoption by providing government aid for BEVs and or PHEVs? Why? 

If you find this a desirable projection, do you think your opinions may be skewed a little? 
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6 - NOx pollution containment using abatement technology is sufficient to maintain diesel 

as a competitive option (Most think diesel will go away but not only for pollution reasons 

-cost, availability and political reasons will also push diesel out. A small number of you 

believe diesel will remain) 

Divergent views:  

Do you think the auto industry will have discontinued the production of diesel cars for 

passenger car drive chains by 2035? Why? 

Could it be that the only reason for a complete switch between ICE to PHEV or an 

alternative would occur if we run out of the ability to produce petrol or diesel? 

Do you think there are other reasons why diesel could remain dominant in 2035? 

(Government tax funding and financial ROI affordability reasons, perhaps?)   

Do you think diesel will be maintained in Eastern Europe or elsewhere in EU as diesel 

becomes cleaner with reducing NOx pollution? Why? (The CO2 emissions may be 

accepted for certain applications and where renewable electricity is not available). 

 

7 - Renewable electricity energy sources are sufficient in EU to meet PLUG-IN car needs, 

hence, genuine CO2 savings (Most believe this will happen because it has to, not just for 

the car industry but for global environmental, economic reasons too)   

Divergent: Majority agreement but No consensus, not so committed to a ‘YES’ vote  

Do you think renewable energy will be sufficient to support all plug-in cars in EU in 2035, 

given how far off target we are currently? Why? 

Is RE just being promoted by climate action initiatives with a view to saving the planet 

or is there real funding desire to go fully renewable for global environmental, economic 

reasons? 

Do you think your opinions may be influenced by your desirability for renewable energy? 
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8 - International Electricity interconnectors with the possibility for countries with no 

renewable energy to purchase it from those that have (Only a little over half believe this 

will happen but almost everyone says it has no impact on the plug-in vehicle sector) 

Divergent Views:  

However, all panellists agree that interconnectors have no impact of the sector How does 

it matter to the future of EVs or PHEVs if interconnectors are not common within the EU 

and how will countries with no capability or access to renewable electricity still adopt 

plug-in cars over ICEs? 

 

9 - Legislative urban bans allowing only zero emission cars in most EU cities (Most 

believe only zero emission cars will be allowed in the city) 

Consensus: that only zero emission cars will be allowed in the city. 

Will it only be Zero emission cars that are allowed in urban areas of Europe? Why? Will 

PHEVs be accepted in the city? (This is triangulate and contribute to understanding 

projection 15 also). 

Will this also be the case across all EU including in Eastern Europe? 

 

10 - Charge stations at most parking spots in public car parks (Everyone was in agreement 

with this!!) 

Highest projection Consensus!! 

If charge points were not available at public parking spots, would plug-in cars (including 

PHEV) be prevented from disrupting the ICE? Why? 

Do you think your desire to have a charge point at every public parking spot has 

influenced your opinion here? 

 

11 -Alternative battery swap facility at charge stations on most motorways (Almost 

everyone believes there will no battery swap stations and no requirement for them)  

Consensus: to disagree  
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Do you think battery swap facilities are not necessary? Why? 

Would it have a big impact on fleet if it were to be successful? Why? (Wildcard?) 

Is the current rate of progress that battery technology is having, preventing ‘Battery Swap’ 

technology and infrastructure being developed everywhere in EU? 

If even some battery swap facilities were currently available in EU like in Asia, would it 

change your opinion?  (Wildcard?) 

 

12 - Private domestic charge stations also extracting electricity behind the meter from 

local renewable sources (The majority of you believe this will happen but won't be 

possible at every location) 

Divergent: Majority agreement but No consensus, not so committed to a ‘YES’ vote  

Why does ‘behind the meter’ charging capability not have an impact of the fleet sector? 

Will ‘Behind the meter’ charge stations only be common in the rural and suburban areas, 

not in urban areas? Why? 

Could it be important to EU countries that have little national RE and no interconnector? 

 

13 - Car sharing in most of the general population (Very mixed feelings about car sharing 

in the general population with very few strong views either way) 

Divergent views:  

Why is Car sharing not popular in EU? (Is it popular in some regional pockets of Europe 

only?)  

Why is car possession still very popular throughout Europe and will that remain the trend 

in 2035?  

 

14 - Company passenger cars are not normally shared so car sharing in not popular in the 

company car fleet (Almost everyone agreed that car sharing would not be popular with 
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fleet cars and a few could see only niche companies being able to achieve medium to high 

levels of company car sharing) 

Consensus: with agreement to this statement.  

Why is car sharing not likely for company cars in 2035? 

How might car-sharing affect PHEV adoption? 

 

15 - PHEVs are a popular choice for the company passenger car fleet because unlike 

ICEs, they are allowed in most EU urban ban cities (Just under half of you say PHEVs 

will not exist and only a few of you feeling strongly that PHEVs will still have a part of 

play in fleet requirements because carbon fuel will still be used) 

Divergent views: Bimodal agreement 

What function will PHEVs fulfil in EU by 2035? Why? (Might they be used in Eastern 

Europe?) 

Why do you think PHEVs will not be used for fleet passenger cars by 2035? 

Will PHEVs just be the bridging drive chain between ICEs and BEVs and if so, will this 

bridging still be required in 2035?  (Linked to projection 9 will establish if PHEVs will 

be legally acceptable as a zero-emission vehicle in urban areas under EU environmental 

law).  
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