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Abstract: 
Encouraging the uptake of energy efficient vehicles (EEVs) is an aspiration 
of critical importance in a day and age in which we are confronted with the 
increasingly dire consequences of human behaviour on our planet, and on 
the planet for generations to come. The transport sector is one of the 
highest contributors of anthropogenic greenhouse gas emissions, whilst 
pollution from this sector is responsible for a large proportion of human 
deaths each and every year. Given the severity of these issues, it is more 
important than ever for policy-makers, and researchers alike, to encourage 
a transition within the community towards more sustainable lifestyles. 
Transportation is key to this change. 

As a service that every human being uses, almost every day of his or her 
life, the transport sector presents a unique opportunity for behavioural 
change. Through efficient and targeted policies, consumers can be 
incentivised to make more sustainable transport choices and to consider 
the consequences of their own actions. Foremost amongst these initiatives 
is that of encouraging a transition towards energy efficient vehicles.  

This thesis has been produced in order to shed further light on issues 
affecting this transition. In particular for policy-makers, this document 
includes a series of recommendations based on prevailing findings in the 
current literature, in addition to the novel and significant findings of this 
research effort. These include the various lessons learnt from government 
policies that have already been implemented in regions around the globe. 

As a thesis by publication, this document consists of four research articles 
that investigate factors affecting the EEV market, specifically in terms of: 
consumer demand, vehicle usage and product pricing. A number of other 
demographic and economic factors have also been examined, including 
the role of economies-of-scale. 
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Sammanfattning: 
Att uppmuntra ökad användningen av energieffektiva fordon (EEVs) är en 
strävan av avgörande betydelse i en tid då vi konfronteras med de allt mer 
ödesdigra konsekvenserna av människors påverkan på vår planet, i dag 
och för kommande generationer. Transportsektorn är en av de sektorer 
som bidrar mest till utsläppen av antropogena växthusgaser. Utsläpp från 
transportsektorn bidrar även till ett stort antal dödsfall varje år. Med tanke 
på vikten av dessa frågor är det viktigare än någonsin för beslutsfattare 
och forskare att bidra till en samhällsövergång mot mer hållbara livsstilar. 
Transporter är avgörande i denna omvandling. 

Eftersom transporter är en tjänst som alla människor utnyttjar i stort sett 
varje dag, erbjuder transportsektorn en unik möjlighet till 
beteendeförändringar. Genom effektiva och målinriktade åtgärder kan 
konsumenter ges incitament att göra mer hållbara transportval och 
överväga konsekvenserna av sina handlingar. Främst bland dessa initiativ 
är en uppmuntran till en övergång mot mer energieffektiva fordon. 

Denna avhandling har tagits fram i syfte att belysa frågeställningar som 
berör denna övergång. För framför allt beslutsfattare innehåller 
avhandlingen en rad rekommendationer baserade på såväl rådande 
forskningsresultat från aktuell forskningslitteratur som nya resultat från 
denna forskningsinsats. Dessa inkluderar erfarenheter från redan 
implementerade politiska åtgärder från regioner runt om i världen. 

Denna sammanläggningsavhandling består av fyra forskningsartiklar som 
undersöker faktorer som påverkar EEV-marknaden vad gäller 
konsumentefterfrågan, fordonsanvändning och produktprissättning. 
Utöver dessa har även ett antal andra demografiska och ekonomiska 
faktorer, inklusive betydelsen av stordriftsfördelar, undersökts. 
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PART I: Introduction 
As one of the highest contributing sectors of greenhouse gas (GHG) 
emissions globally, the transport sector has a significant role to play in 
reducing these levels of pollution. Emissions from the transport sector are 
playing a significant role in pushing our world towards a drastically changed 
global climate, in addition to causing millions of respiratory-related, 
pollution-induced morbidity and mortality cases each year (OECD 2014). 
Transportation is a service that is encountered by most human beings, 
almost every day of their life. Given that individuals must make choices 
about this service on a daily basis means that our transportation systems 
can be used by policy-makers to encourage positive behavioural changes, 
that will help lead us towards a more sustainable society. 

Implementing government incentives to encourage the uptake of energy 
efficient vehicles (EEVs) is just one means by which transport emissions 
can be minimised. How can a policy-maker know, however, how different 
types of incentives may affect the market; whether energy efficient vehicles 
will really reduce emissions; and how different demographic and economic 
factors, such as fuel prices, could affect the EEV market compared with 
government incentives? How long should such a policy be in place for, and 
how can governments ensure that when the incentive is removed, the 
market does not simply revert back to the incumbent alternative? 

With these questions in mind, this thesis forms the capstone product of a 
study that has investigated the effects of several different types of 
government incentives on the demand, usage and pricing of EEVs in 
various markets around the globe, with a particular focus on the congestion 
pricing exemption in Stockholm, Sweden. As such, this thesis is a highly 
recommended read for policy-makers wanting to encourage an uptake in 
EEVs within their own jurisdictions. 

This introductory chapter provides background to the research problem 
that this thesis deals with – that of how to best design targeted government 
incentive packages that efficiently encourage an uptake in EEVs with 
minimum distortion to the market.  

As this document has been submitted in the form of a PhD Thesis by 
Publication, a large proportion of the content included is in the form of 
research articles that have already been accepted or submitted for 
publication. This introductory chapter provides an overview of these 
publications, along with a narrative of how the four articles fit together to 
answer the specific research aims, objectives and questions of this study.  
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1.1 Background to Research Problem 
With an ever-rising public focus on the effect of human behaviour on the 
global environment; our contribution to the planet’s changing climate; and 
what this all means for our future and the future of generations to come, all 
sectors of society contributing to these dramatic changes have come under 
close scrutiny. As one of the highest contributing sectors of greenhouse 
gas (GHG) emissions, and in turn, human-induced climate change, the 
transport sector has been at the forefront of this scrutiny.   

Road transport has been attributed as being responsible for 50% of the 3.5 
million deaths worldwide each year due to outdoor air pollution, leading to 
a global annual economic loss of $USD 1.7 trillion (OECD 2014). To put 
this into perspective, global road fatalities totalled 1.24 million deaths in 
2010 (WHO 2013). The reality of the situation is dire, with emissions-
related morbidity and premature mortality cases continuing to increase, 
with an average 4% rise in deaths between 2005 and 2010 (OECD 2014). 
The exceptions to this trend are a few European countries that have 
exhibited reductions in the number of pollution-induced respiratory-related 
deaths. It is claimed that these reductions are largely due to the 
introduction of strict vehicle emissions standards (OECD 2014) – 
highlighting the very real consequences of transport pollution; and the very 
real need for something to be done about it.  

In order to address public concern about the consequences of transport 
emissions on our environment and upon human health, many regions 
around the world have implemented significant programs in order to 
attempt to reduce emissions within the sector. Examples include: 

• Constructing the world’s largest underground metro system 
transporting over six million people each and every day in Beijing, 
China (Branigan 2014);  

• Implementing Bus Rapid Transit (BRT) in 160 regions around the 
world, including in the heavily-polluted cities of Mexico City, 
Bogotá, Istanbul and Johannesburg (Carrigan et al. 2013);  

• Establishing bike-sharing schemes in more than 600 metropolitan 
cities around the globe as of mid-2014 (Walker 2014);  

• Ensuring Sweden’s national motor vehicle fleet is independent of 
fossil fuels by 2030 (International Energy Agency 2013);  

• U.S. President Obama’s investment of over 10 billion U.S. dollars 
in EEV consumer incentives and research and development 
(Plumer 2012; Department of Energy 2011); and, 

• The Chinese Government’s aim to have 5 million electric vehicles 
on its roads by 2020 (The Central People's Government of the 
People's Republic of China 2012). 



 

 

3 

  
 

Notwithstanding these excellent examples, the implementation of such 
initiatives on a global scale is no easy task. Policy-makers face 
considerable challenges in trying to deliver sustainable transport systems. 
As of 2014, metropolitan cities account for 54% of the world’s human 
population, and by 2050 this is predicted to increase to 66% (United 
Nations 2014). In turn, metropolitan cities account for approximately 70% 
of global greenhouse gas emissions – mostly coming from transport-
related activities (International Energy Agency 2008). Residents in cities 
will always require mobility options in order to travel to and from work, 
education, shopping and for leisure. As such, policy-makers face the 
mammoth task of having to deliver a safe, reliable and affordable transport 
system that meets the needs of the current population, without sacrificing 
the planet’s environment to the disadvantage of future generations, and 
our own. 

One principal initiative of policy-makers to move the globe towards a more 
sustainable transport system is the attempt to transition vehicle fleets 
towards cleaner, more energy-efficient mobility alternatives, particularly in 
terms of personal vehicles (PVs). This task, however, is made particularly 
difficult by the fact that a motor vehicle is often one of the most expensive 
items an individual will own in their lifetime. 

As a consequence of vehicles being expensive assets for most 
households, turnover within vehicle fleets is slow, with some authors 
suggesting that a complete transition to alternative fuels/technologies 
could take up to 75 years (Belzowski and McManus 2010). A complete fleet 
transition to EEVs without government intervention will likely take a number 
of decades, yet anthropogenic emissions must be minimised as quickly as 
possible in order to avoid the worst potential climate change-related 
effects. It is, therefore, more important than ever that policy-makers start 
to encourage a transition towards cleaner, more energy efficient vehicles 
today. 

Promisingly, a review of the current body of literature in this field exposes 
a diverse range, and number, of regions already involved in efforts to 
transition vehicle fleets towards cleaner, more energy-efficient models. 
These efforts can be found across both developed and developing nations, 
ranging from: tax incentives for manufacturers of “eco-cars” in Thailand 
(Sanitthangkul et al. 2012); to increasing the psychological acceptance of 
electric vehicles (EVs) in Germany (Neumann et al. 2010); and the various 
financial and travel incentives implemented in the United States of America 
in order to encourage the adoption of hybrid electric vehicles (HEVs) 
(Beresteanu and Li 2011; Bunch et al. 1993; Diamond 2009; Gallagher and 
Muehlegger 2011; Riggieri 2011).  



 

 

4 

There is still much work to be done however, with many developed nations, 
lagging behind on this issue; failing to encourage the uptake of EEVs, and 
in the process of doing so, failing to reduce emissions from the transport 
sector. 

It is apparent from the current literature in this field that no clear consensus 
yet exists in regard to which types of government incentive policies are 
most effective in terms of increasing demand for EEVs. There is also a lack 
of information pertaining to which types of consumer have purchased 
EEVs – based on data of actual consumer choices, as opposed to stated 
preference surveys.  

The need also exists for an analysis of the behavioural changes, and 
resulting changes in emissions, associated with EEV adoption, in order to 
address the often cited rebound effects, or Jevons Paradox, that is claimed 
to exist in markets transitioning towards more energy-efficient products.  

There are no other known studies into the possible existence of an 
endogenous relationship between consumer demand and product pricing 
in the EEV market, and in turn, how such a relationship may impact upon 
the effectiveness of different types of government incentives. 

Finally, it is important for policy-makers to have a better understanding of 
the primary mechanisms at play within the vehicle market, and how 
incentive policies should be designed in order to ensure a sustainable 
transition to EEVs. 

In a time when it is more important than ever that policy-makers are 
equipped with the evidence they require in order for them to have the 
confidence to implement programs that will lead us in the “right-direction” 
towards a sustainable society, there is a substantial need for peer-
reviewed, comprehensive analyses that address these gaps in the 
literature. 

It is exactly for this reason that this thesis has been produced, specifically 
with the objectives, aims and research questions stated in the following 
sections of this introductory chapter. 
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1.2 Overall Objectives 
Given the lack of literature analysing data of the actual behaviour of private 
consumers in regard to purchasing and using EEVs, the intent of this 
research thesis is to: 

• Provide further evidence as to what types of individuals choose to 
purchase EEVs; 

• Investigate whether encouraging a transition towards EEVs is a 
“step in the right direction” after taking into account changes in 
user behaviour and, importantly, changes in vehicle emissions; 

• Provide a greater understanding of how consumers react to 
different incentive policies in terms of market demand, usage 
behaviour and product pricing;  

• Examine whether demand and price in the EEV market are 
endogenous; 

• Understand how different factors (including government policies, 
fuel prices and demographics) affect the EEV market in terms of 
marginal demand, aggregate demand and product pricing;  

• Investigate why some incentive policies fail; and, 
• Understand what conditions are required in order to ensure 

incentive policies stimulate a self-sustaining transition to EEVs. 

By shedding further light on the mechanisms at play within the EEV market, 
and on how consumers react to different policy, demographic and 
economic changes - governments and policy-makers alike will be able to 
better design incentive schemes to be both targeted and efficient in 
practice, whilst minimising the extent to which such programs could lead 
to distortions within the EEV market. 
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1.3 Specific Aims 
The specific aims of this research study are: 

• To determine which type of consumers have a higher propensity 
towards purchasing an EEV; 

• To assess the effect of the exemption for EEVs from congestion 
pricing in Stockholm on consumer demand; 

• To examine the potential rebound effects of EEV adoption, 
including those in terms of changes in user behaviour and vehicle 
emissions; 

• To assess the effect on vehicle usage rates of the exemption for 
EEVs from congestion pricing in Stockholm; 

• To better understand the effect of different types of government 
incentives on the EEV market in terms of marginal demand (annual 
sales), aggregate demand (fleet penetration) and product pricing; 

• To investigate whether an endogenous relationship exists 
between consumer demand and product pricing in the EEV 
market; 

• To assess how effective government incentive policies are, in 
terms of inducing demand (and the respective effects on product 
pricing) for EEVs, compared with other demographic and 
economic factors, such as fuel prices, population density and 
inflation; 

• To determine the threshold economies-of-scale in fixed and 
variable costs that are required to ensure a self-sustaining 
transition to EEVs;  

• To understand how the length and duration of an incentive affect 
the level of economies-of-scale required for a long-term transition; 
and, 

• To assess the secondary effects of varying the duration and 
magnitude of an incentive policy 
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In order to achieve these aims, a number of targeted research questions 
were developed. These research questions provide a clear overview of the 
intended scope and direction of this investigation. The main research 
questions of this thesis are: 

RQ1. What types of consumers have chosen to purchase EEVs? (Article 
I); 

RQ2. How has the government incentive of an exemption from 
congestion pricing affected consumer demand for EEVs in 
Stockholm? (Article I); 

RQ3. Do EEV owners drive further than their demographically-similar 
conventional vehicle counterparts? (Article II); 

RQ4. How has the government incentive of an exemption from 
congestion pricing affected vehicle usage rates in Stockholm? 
(Article II); 

RQ5. How have EEV ownership and the congestion tax exemption 
affected vehicle emissions? (Article II); 

RQ6. How do different types of government incentives affect the pricing, 
aggregate demand (fleet penetration) and marginal demand 
(annual sales) for EEVs? (Article III); 

RQ7. Are EEV demand and price endogenous? (Article III); and finally,  

RQ8. How have demographic and economic factors, such as fuel prices, 
affected EEV demand and pricing, compared with government 
incentive policies? (Article III); 

RQ9. How do the fixed and variable economies of scale affect the long-
term effectiveness of a temporary incentive policy? (Article IV); 

RQ10. How do the magnitude and duration affect the long-term 
effectiveness of a temporary incentive policy? (Article IV); and. 

RQ11. How do secondary effects, such as congestion, affect the long-
term effectiveness of a temporary incentive policy? (Article IV). 
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1.4 Research Contributions 
This thesis makes a number of significant contributions to both the field of 
energy efficient vehicle research; as well as to the public policy arena. The 
following section of this chapter provides an overview of these specific 
contributions. 

1.4.1 EEV consumer demographics 

As outlined in the literature review of Article I, although a number of studies 
analysing the stated preferences of consumers towards EEVs do exist; the 
number of studies focussing on revealed preference data i.e. actual 
consumer choices, is far scarcer. As such, Article I makes a significant 
contribution in this area, providing insight into the demographics of 
individuals who have actually chosen to purchase an energy efficient 
vehicle, specifically using the case study of Stockholm County during 2008.  

The results of this study are not only useful to other researchers 
investigating which individuals have the highest propensity towards 
purchasing EEVs, but also provide valuable feedback to policy-makers in 
Stockholm as to which individuals have been most affected by the various 
programs initiated in that region in efforts to encourage an uptake in EEVs. 
These findings also have a strong relevancy to a much wider audience of 
policy-makers around the globe, who may also be interested in gaining a 
better understanding of which types of consumers are most likely to 
purchase an EEV, in order to better design and target future incentive 
programs. 

1.4.2 EEV usage behaviour and rebound effects 

It is interesting to have a discussion about encouraging the uptake of a 
specific product, with the intention of achieving a particular outcome – in 
this case being that of reducing emissions through the adoption of EEVs – 
without a strong body of evidence existing to support such a transition. In 
the case of EEVs, their prevalence in the market is a relatively new 
phenomenon; the amount of data pertaining to actual EEV usage rates is 
limited. In turn, the number of studies into EEV usage is also scarce. 

Article II takes advantage of a unique dataset that includes real annual 
usage rates of an entire population of vehicles, in Stockholm County, 
during 2008. Through this study, the technique of propensity score 
matching is applied to compare usage rates between different vehicle 
owners, particularly between EEV owners and demographically-similar 
non-EEV (conventional vehicle) owners. This method minimises the 
number of potentially confounding factors that could also lead to 
differences in usage rates, so that any remaining difference can largely be 
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attributed to the specified treatment. In the case of Article II, the treatments 
of EEV ownership and commuting across the cordon boundary are both 
used. 

As a result of this process, valuable insight into the behaviour of EEV 
owners is gained, including in terms of rebound effects spurred by reduced 
per-kilometre operating costs (increased fuel efficiency), reduced 
environmental impacts and the reduction in the operating costs of 
commuter trips due to the exemption from congestion pricing. The study 
finds that emissions are indeed reduced, with the occurrence of relatively 
minor rebound effects, providing policy-makers with the additional 
evidence they require in order to support programs that will encourage 
further uptake of EEVs. 

The results of this study will be important to other researchers investigating 
this topic in the future, given the current gap that exists within the literature. 
This investigation will also form a useful case study for comparative 
purposes. 

1.4.3 Interaction between EEV demand and pricing 

Although research has been conducted into the interaction between 
demand and pricing in some markets, it is a relatively unknown quantity in 
the EEV literature. As such, this thesis, specifically through Article III, 
sheds further light on this particular relationship, and examines whether 
EEV demand and price are endogenous. This procedure is carried out 
through a unique method of analysing systems of equations based on 
panel data, known as Error-Component Three-Stage Least Squares 
(EC3SLS) regression. This is also novel in the EEV literature, and the wider 
field of transport, and as such, forms a significant contribution to both the 
theoretical and practical applications of this method. 

The findings of Article III have significant repercussions for policy-makers, 
in exposing the mechanisms at play within the EEV market. These results 
allow for a better understanding of not only how government incentives 
directly affect EEV demand and pricing, but also expose the indirect effects 
caused through the endogenous relationship that is found to exist between 
demand and price. 

1.4.4 Significance of economies-of-scale effects on EEV transition 

Ultimately, the reason why policy-makers need to use incentives to 
encourage the uptake of EEVs, is due to the initial cost differentials 
between these new products and the incumbent alternatives – 
conventional, internal combustion engine vehicles. Despite the 
environmental advantages of EEVs, as well as lower operating costs in the 
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cases of some, unfortunately, these benefits alone are not enough to 
convince the mass-market to adopt these new products at their current 
price premiums. Whilst Article I focusses on the specific effect of 
Stockholm’s congestion pricing exemption on the uptake of EEVs, and 
Article III reviews the effect of a range of different incentives from various 
regions on consumer demand, Article IV instead investigates the levels of 
economies-of-scales that are required to ensure a sustainable transition. 

In the case of all incentives, they are temporary. Once the incentive is 
withdrawn, the actual cost differentials between EEVs and their incumbent 
alternatives must be minimal in order to ensure that a sustainable transition 
towards EEVs will continue. Article IV reviews a series of case studies from 
around the world, including Stockholm, where EEV incentives have been 
withdrawn prematurely, the consequence being a regression in the market 
back towards conventional vehicles. 

By developing a stylized model, largely based on data from Stockholm, 
Article IV outlines the impact of varying a policies duration and magnitude 
on the level of economies-of-scale required for a long-term, sustainable 
transition. The findings of this paper are particularly significant to policy-
makers looking for guidance on how best to design an EEV incentive 
program, and how to gauge the duration of time for which the policy should 
be in place such that the transition can continue once it is withdrawn. As 
detailed in the conclusions of Article IV, this study shows just how important 
it is for policy-makers to monitor both the fixed and variable cost 
differentials between EEVs and their competitors, in order to gauge both 
the success of their EEV incentive program, and ultimately, it’s long-term 
effectiveness. 

1.4.5 Case study of Stockholm, Sweden 

Particularly Articles I, II & IV make a considerable contribution towards 
policy discussions in Stockholm, and more generally, in Sweden. These 
three papers provide evidence as to the effects of one of the principal 
incentive policies introduced by the government to encourage the uptake 
of EEVs i.e. an exemption for EEVs from Stockholm’s congestion pricing 
scheme. 

The results of these analyses provide policy-makers in the region with 
additional information to evaluate the success of past programs, whilst 
equipping them with additional insight for the efficient design of future 
policy initiatives in this field.  
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1.4.6 Public policy arena 

Last, but certainly not least, among the most significant contributions of this 
research thesis are the findings specifically relevant to the public policy 
arena. The main purpose of this document is to equip policy-makers, from 
around the world, with additional insight into the effects of different types 
of government incentive policies on the demand, usage and pricing of 
energy efficient vehicles.  

Evidence is provided through the specific case study of Stockholm, in 
Articles I, II, and IV. Article III considers a broader perspective of the EEV 
market by analysing revealed preference data from 15 different regions 
around the globe, over five years between 2008 and 2012. This particular 
study is a significant contribution to the public policy arena, as it provides 
additional insight into the effects of different types of government 
incentives – different being in terms of how and when they affect the 
consumer – on EEV marginal demand (annual sales), aggregate demand 
(fleet penetration) and pricing. Article III goes further by comparing the 
effects of different incentive policies in the EEV market, with that of 
economic and demographic changes, such as variations in fuel price, 
inflation and population density. 

Equipped with this insight, policy-makers around the globe can not only 
better understand the potential impacts of different types of incentives on 
both consumer demand and pricing; but design efficient, multi-faceted 
programs, that act in a carrot-and-stick approach, taking advantage of both 
the positive effects of some types of incentives (“carrots”) and the positive 
effects of other factors such as increases in fuel prices (“sticks”) to 
maximise inducements for consumers to adopt EEVs.  

It is particularly important that policy-makers are equipped with such 
knowledge, given the fact that vehicle fleets take a long time to turnover, 
and yet the world is currently faced with the dire need to reduce 
anthropogenic emissions as quickly as possible. Initiatives, such as 
encouraging the uptake of EEVs, if carefully implemented, can be used by 
policy-makers to reduce these emissions and help society avoid the worst 
possible climate change scenarios, whilst minimising the health-related 
impacts of this pollution. 

In order for policy-makers to have the confidence to introduce such 
mechanism, not only does evidence supporting the effectiveness of 
incentives need to be clear, but it is also crucial that governments 
understand how best to design, and in turn monitor an incentive program, 
to ensure a long-term, sustainable transition to EEVs is achieved, at 
minimal cost to taxpayers. This thesis, and the four enclosed articles, aims 
to do exactly this. 
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1.5 Article Linkage 
Although each of the four articles included in this thesis represent 
independent, stand-alone research papers, these studies have been 
arranged in a logical order, as chapters of this thesis. Here, an overview of 
the common and distinguishing elements between the articles is provided. 

Referring to Figure 1, it can be seen that the three main EEV market 
components considered in this thesis are: 

• Energy Efficient Vehicle Demand (Marginal and Aggregate); 
• Energy Efficient Vehicle Usage (and associated emissions); and, 
• Energy Efficient Vehicle Pricing. 

Although there is some overlap between the factors analysed, each 
chapter includes a unique perspective on the issue at hand.  

 
Figure 1 - Overview of the linkage between research articles 

Beginning with Article I, the main thrust of this study is to understand the 
demographics of different individuals who have chosen to purchase an 
EEV (RQ1); and the effect of a specific government incentive on EEV 
demand (RQ2), using the case study of Stockholm. This article includes 
the use of discrete choice models to analyse and estimate both of these 
relationships. Article I documents the unique opportunity of utilising 
detailed, individual-specific data to assess both EEV consumer choice and 
the effect of an incentive policy in a specific regional market. 
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Building on Article I’s analysis of the case study of Stockholm, and given 
the literature gap previously identified, it was necessary to investigate the 
effect of the uptake of EEVs (RQ3) and a congestion tax exemption (RQ4) 
on driver behaviour, in addition to the associated changes in vehicle 
emissions (RQ5) due to these two factors.  

As such, Article II employs propensity score matching (PSM) to control 
several potentially confounding demographic factors and compare the 
usage rates of different groups’ demographically-similar vehicle owners. 
These groups varied in delineation depending on the approach taken. In 
all cases, vehicle owners were divided based on their owner home location 
relative to the congestion pricing cordon boundary. The first PSM approach 
used the treatment of EEV ownership to compare usage rates between 
EEV and non-EEV owners. The second PSM approach uses the treatment 
of commuting across the cordon boundary to compare the usage rates of 
owners crossing the boundary with those that did not.  

Through these two approaches, the differences in usage rates could be 
attributed to the relevant treatment i.e. owning an EEV or commuting 
across the cordon boundary. It was not possible to fully isolate the effect 
of the congestion tax exemption on usage rates through these two 
approaches. This led to the adoption of a third approach, utilising results 
from the prior two PSM approaches to assess the effect of the congestion 
tax exemption on EEV owner usage rates. The specifics of this procedure 
are described further in the methodology section of Article II. 

This article not only sheds further light on the successes of encouraging 
an uptake of EEVs on reducing emissions, but also reveals some of the 
unexpected consequences of encouraging such a transition within the 
vehicle fleet. Given this analysis is also based on the same case study, in 
the same year, it sits complementary to the analysis of consumer 
preferences and demand for this region that is detailed in Article I. 

In contrast to Articles I and II, Article III involves a much broader analysis 
of the global EEV market, using aggregate-level data. In the first two 
articles, only one incentive type in one region was analysed. In 
comparison, Article III analyses different types of government incentives in 
different 15 metropolitan regions (RQ6). 

Given the panel dataset was personally collated, the model developed in 
this investigation could include a number of factors previously not 
considered in Articles I and II (RQ8), and also allowed for analysis of novel 
relationships, including that of the possible endogenous relationship 
between EEV price and demand (RQ7). Although both prior articles made 
significant contributions to the literature in terms of the effects of one type 
of government incentive; both failed to capture the effect of this policy (and 
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other types of incentives) on EEV pricing – as vehicle price was not 
included in the dataset used there. As such, Article III fills this void by 
analysing additional relationships that were not captured in Articles I and 
II.  

Article III details the wider, “big-picture” effects of government incentives 
and other demographic factors on EEV demand and pricing; all of which 
provide numerous valuable insights to policy-makers considering the 
implementation of similar programs in their own cities, regions and 
countries.  

Finally, Article IV uses a stylised model largely based on data from 
Stockholm, to investigate the levels of economies-of-scale required to 
ensure a sustainable, long-term transition to EEVs. Specifically, 
considering the temporary incentive of a congestion tax exemption, this 
final research paper sheds light on the relationship between such an 
incentive and economies-of-scale effects on both the fixed and variable 
costs of EEVs (RQ9). 

Additionally, Article IV builds on Article I, by looking past the initial impact 
of the incentive, and projecting the likely EEV fleet penetration rates given 
changes to the policy design, both in terms of its duration and magnitude 
(RQ10).  

The final research question – RQ11 – is also addressed in Article IV, 
building on the findings from Article II to gain a better appreciation for how 
the magnitude and duration of the policy design, in turn effects congestion 
levels and ultimately, the effectiveness of the incentive policy. 
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1.6 Summary of Research Findings 
This thesis, and the four included articles, reveal a number of interesting 
and novel findings in respect to the field of energy efficient vehicle 
research. These findings, and their subsequent implications, have been 
summarised below in terms of the previously stated research questions. 

1.6.1  What types of consumers have chosen to purchase EEVs? 
(RQ1) 

As outlined in Article I, a number of studies investigating consumer 
preferences for EEVs already exist. The majority of these studies, 
however, are based upon stated-preference surveys, where individuals 
have been asked to make hypothetical choices amongst different sets of 
alternatives. Although such methods are generally considered to be robust, 
there is always some error introduced when a researcher forces an 
individual to make a choice, in a hypothetical future scenario, particularly 
amongst alternatives that may not even exist or be widely available on the 
market today. 

As such, one of the true strengths of the first three analyses detailed in this 
thesis, are the revealed preference datasets that they examine. These 
datasets are comprised of actual consumer choices, and as such, allow us 
to take a retrospective view on decisions that individuals have actually 
made. Of course, however, this does not necessarily mean that these 
individuals will make the same decisions again in the future, but it does 
allow us to learn lessons from the experiences of policy-makers’ past 
efforts in this field. 

Specifically in relation to what types of consumers have chosen to 
purchase EEVs, in Article I’s analysis of new vehicle owners in Stockholm 
Country during 2008, it was found that: 

• Owners under the age of 30 preferred light, conventional vehicles, 
regardless of purchase price; 

• Females were most likely to purchase light, cheap, conventional 
vehicles, of which, low CO2 petrol/diesel models were most 
popular – remembering although these vehicles were defined by 
some groups as EEVs, they were not exempt from the congestion 
tax in Stockholm; 

• Higher income earners tended to purchase more expensive 
vehicles, regardless of vehicle size or whether they were exempt 
from the congestion tax or not; 

• Owners living close to or in the inner-city, preferred smaller, 
exempt EEVs – electric vehicles in particular; 
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• Exempt EEV owners also owned less vehicles – whereas non-
exempt vehicle owners, tended to own more vehicles in total; and 
finally, 

• Individuals with higher numbers of children preferred larger 
vehicles. 

These results were obtained from three multinomial logit models, differing 
in how alternatives were aggregated in the choice set. The varying 
aggregation of alternatives was undertaken in order to distinguish between 
preferences for different fuel types, vehicle purchase prices and vehicle 
size. 

Overall the results from these discrete choice models suggest that the 
individuals with the highest propensity to purchase an EEV in Stockholm 
in 2008 were: 

• Over 30 years old; 
• Male; 
• Lived close to or in the inner-city; 
• Had less children;  
• Had lower incomes in the case of flexi-fuel vehicles and higher 

incomes in terms of electric vehicles; and, 
• Had longer home-work trip distances. 

These findings are in contrast to: 

• Hackbarth and Madlener (2013) and Ziegler (2012) who found that 
younger individuals in Germany were most likely to purchase 
EEVs; 

• Mabit and Fosgerau (2011) and Dagsvik et al. (2002) who found 
that females, in both Denmark and Norway, were more likely to 
purchase EEVs; and, 

• Campbell, Ryley and Thring (2012) who found that individuals 
living further away than the city centre had the highest likelihood 
of purchasing an EEV; 

However, the results of Article I do support: 

• Bhat, Sen and Eluru (2009) and Kahn (2007) – with inner-city 
residents having higher environment preferences and in turn, 
preferring EEVs; and, 

• Flamm (2009) who found that fuel-efficient vehicle owners have 
fewer vehicles in total, compared to conventional vehicles’ owners. 
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It should be noted that Ziegler (2012) did find that males were more likely 
to purchase hydrogen vehicles than females, however, did not find a 
statistically significant relationship between gender and other types of 
EEVs.  

There probably is no stereotypical EEV buyer across the globe. The 
literature in this field tends to show that the demographic characteristics of 
consumers, appears to vary depending on which city or country they live 
in, and depending on the year of analysis. This is quite obvious when 
comparing the findings in the literature listed above for the neighbouring 
countries of Norway, Denmark and Germany. 

The findings of Article I do, however, raise questions regarding the 
differences in findings between stated preference and revealed preference 
studies. A key difference that could have led to the discrepancies outlined 
above is the fact that these SP-studies sampled the preferences of 
individuals in buying a hypothetical vehicle in the future; this is in 
comparison to the dataset in Article I, that reveals owners who actually 
have purchased a new EEV. On the other hand, given that the listed owner 
in the RP data, used in Article I, may not in fact have been the vehicle’s 
predominant user, or even the person who purchased the vehicle, the 
difference in preferences could instead reflect variations between vehicle 
owners and users. Presumably, this demarcation would have a significant 
impact on the demographic averages observed. 

As mentioned previously, it cannot be ignored that many of the SP-based 
findings in the literature are based on surveys where individuals have been 
forced to make decisions; decisions that they may not necessarily make in 
the real world. These results could suggest that, particularly in new 
markets, such as in the case of EEVs, the preferences revealed by the 
general population in SP studies, may not in fact reflect the demographics 
of “early-adopting” individuals who have actually purchased EEVs.  

As the market continues to mature, further research into this peculiarity can 
be undertaken using newer SP and RP-datasets, potentially even within 
Stockholm, to compare with the findings of Article I, and more generally. 

1.6.2 How has the government incentive of an exemption from 
congestion pricing affected consumer demand for EEVs in 
Stockholm? (RQ2) 

Stockholm and London are two main regions globally to at different stages 
had an exemption in place for EEVs. Unfortunately, there are no known 
studies on the effect of London’s exemption. In an analysis of similar 
usage-based EEV incentive, that of High-Occupancy Vehicle (HOV) lane 
EEV exemptions, Riggieri (2011) found that this type of policy had a  
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statistically significant and positive effect on consumer demand for EEVs 
in the U.S. 

Focussing on Stockholm’s congestion tax exemption for EEVs in the 
analysis detailed in Article I showed that this particular policy increased the 
marginal demand for EEVs by 1.82 percentage points (+/- 0.3; 95% C. I.) 
to a total share of 18.8%. This represented a 10.7% increase in EEV sales 
in Stockholm County during 2008, equivalent to approximately 519 
additional exempt EEVs. 

In order to verify these results, a secondary analysis was undertaken 
through which the changes in marginal demand for EEVs in Stockholm 
were compared with changes in demand in Sweden’s second largest city 
– Gothenburg – where congestion pricing was not active. Through this 
analysis, it was found that the marginal demand for EEVs in Stockholm 
increased by 1.76 percentage points more than in Gothenburg from 2007 
to 2008, providing strong evidence to support the findings of the primary 
analysis in this article. 

These results suggest that a congestion tax exemption can be effective in 
inducing demand for EEVs, and this certainly was in the case of Stockholm, 
substantially increasing the number of EEVs sold during 2008.  

What was not clear from this analysis, however, was how this incentive 
policy also affected vehicle usage rates and product pricing. Although the 
latter could not be studied using this dataset, the former is addressed in 
Article II. 

1.6.3 Do EEV owners drive further than their demographically-
similar conventional vehicle counterparts? (RQ3) 

The first approach adopted in Article II, using propensity score matching 
(PSM), used the treatment factor of EEV ownership to compare the usage 
rates of demographically-similar EEV and conventional vehicles. Through 
this process it was found that in the case of all driver groups, EEV drivers 
tended to drive further on average than their conventional vehicle 
counterparts. This difference in annual usage was greatest amongst those 
who commuted across the cordon boundary for work at 4.7 to 12.2%. For 
individuals not commuting across the cordon boundary, the rebound 
effects of EEV ownership were lower at 1.5 to 3.4%. It was not clear from 
this approach, however, the extent of these rebound effects that were 
attributable to EEV ownership, or in the case of the boundary crossing 
owners, the congestion tax exemption. An alternative approach to 
quantifying the effect of EEV ownership found that EEV owners crossing 
the cordon boundary only drove 2.4-3.3% further due to owning an EEV, 
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with the remainder of the increase in usage attributable to the congestion 
tax exemption. 

In general, despite differences in the estimates obtained, the magnitude of 
these rebound effects support the findings in the literature in regards to the 
adoption of energy-efficient products (Gillingham et al. 2013; Greening, 
Greene and Difiglio 2000; Schipper and Grubb 2000). The rebound effect 
calculated in Article II were greater, however, than the negligible difference 
in usage rates found between Prius owners and other vehicle owners in 
California, U.S.A., by Afsah and Salcito (2012). 

Despite the fact that the rebound effects of EEV ownership were 
reasonably minimal, given the adoption of EEVs has led to some level of 
increase in usage rates, on average, the overall reduction in emissions due 
to this transition would be partially offset. Article II also examines to what 
extent the emissions reductions were offset – as discussed below. 

Finally, it should be considered, that given the increase in usage rates for 
EEV owners, it is not possible to know how these increases in annual 
kilometres travelled affected other road users, and in turn, led to changes 
in their vehicle emissions. It is for this reason, complimentary to the 
possible offsets in emissions reductions, that policy-makers carefully 
consider how incentives to induce the uptake of EEVs, may also induce 
behavioural change, and potentially partially erode desired policy 
outcomes. 

1.6.4 How has the government incentive of an exemption from 
congestion pricing affected vehicle usage rates in Stockholm? 
(RQ4) 

The greatest difficulty in trying to estimate the effect of the congestion tax 
exemption for EEVs on usage rates arose due to this factor affecting 
vehicle owner groups across both propensity score treatments employed: 
1) owning an EEV, 2) commuting across the congestion pricing cordon 
boundary. Those owners assumed to be affected by the policy were a 
combination of the two treatments i.e. EEV owners who commuted across 
the cordon boundary. In order to assess the effect of the policy on usage 
rates it was necessary to compare usage between groups affected/not 
affected by the policy. Three approaches were adopted in order to do so. 

As was done in Article I, the first approach involved dividing vehicle owners 
based on their home and work locations, and comparing usage rates using 
the treatment of EEV ownership. Using a difference-in-differences 
approach, pairs of groups with the same home location relative to the 
cordon boundary were then compared, with the only difference between 
the two being whether they crossed the cordon boundary or not. Given the 
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main difference between these groups was essentially whether the 
congestion tax exemption applied or not, any difference in usage could be 
attributed to the policy’s effect on usage rates. 

By assuming that the treatment of EEV ownership affected crossing/non-
crossing EEV owners equally, an estimate of the congestion tax 
exemption’s effect on usage rates could be obtained. In terms of EEV 
owners living inside the cordon, the congestion tax appears to have 
increased usage by 10.7%, and for the EEV owners also crossing the 
boundary but living outside the cordon, the policy appears to have 
increased usage by 0.9% - a considerably smaller effect.  

In order to scrutinise these findings, a counter-hypothesis was developed 
to the assumption listed above. It was possible that these differences in 
usage rates were not due to the effect of the incentive policy, but instead 
due to the fact that owners commuting across the boundary may 
systematically travel further than those that do not. This would mean that 
the treatment of EEV ownership would not affect crossing/non-crossing 
EEV owners equally.  

In order to analyse this counter hypothesis, the propensity score matching 
procedure was modified so that the treatment was changed from EEV 
ownership to commuting across the boundary. As such, demographically-
similar vehicle owners who lived in the same location relative to the cordon 
boundary, and owned the same type of vehicle, were compared, with the 
principal difference being that of the treatment i.e. whether they commuted 
across the boundary or not. 

Through this second approach it was found that for vehicle owners living 
inside the cordon, EEVs owners commuting across the cordon travelled 
22.3% further; whilst conventional vehicle owners travelled 14.9% further 
due to the treatment of crossing the cordon boundary. For vehicle owners 
living outside the cordon boundary: crossing EEV owners in fact travelled 
-5.3% less; whilst crossing conventional owners travelled -7.0% less due 
to the treatment effect. 

Intuitively from these results, given the tax exemption applied to the EEVs 
commuting across the cordon boundary, the difference in additional usage 
rates between conventional/EEV owners crossing the boundary could be 
attributed to the congestion tax exemption. As such, it was determined that 
the policy increased the usage of EEV owners living inside the cordon and 
commuting across the boundary by 6.8% (as compared with 10.7% in the 
principal analysis) and by 1.6% (as compared with 0.9% in the principal 
analysis) for EEV owners living outside the cordon and commuting across 
the boundary.  
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With this secondary analysis, of course this difference again could be 
attributed to other factors – principally that the treatment effect of 
commuting across the cordon boundary affects EEV and conventional 
vehicle owners differently. As such, although these two approaches 
provided insight into the effects of each treatment on groups not affected 
by the congestion exemption, it was still unclear as to how significant this 
policy was in terms of inducing behavioural change. In a final attempt to 
estimate this effect, a third approach was adopted. 

In the third, and final approach, in order to estimate the effect of the 
congestion tax exemption on EEV owners commuting across the 
boundary, the results from the two prior approaches were combined with 
an additional comparison. This final comparison involved using PSM to 
determine the difference in usage rates between the two most different 
owner groups – EEV owners commuting across the boundary, and 
conventional vehicle owners not crossing the boundary. In doing so, an 
estimate of the total effect of EEV ownership, commuting across the 
boundary and the congestion tax exemption, on usage, could be obtained 
and compared with the usage differences obtained in Approaches 1 and 2. 

As a result of this third approach, the congestion tax exemption was found 
to increase usage rates of EEV owners living inside the cordon and 
crossing the boundary for work by 9.3% (compared with 10.7% for 
Approach 1 and 6.8% for Approach 2). For EEV owners living outside the 
cordon and crossing the cordon boundary for work, the policy appears to 
have increased annual usage by 1.3% (compared with 0.9% for Approach 
1 and 1.6% for Approach 2).  

Additionally, Approach 3 found that EEV ownership in fact had a larger 
effect on the usage rates of EEV owners living inside the cordon and 
commuting across the boundary (+2.4%) compared with those not crossing 
the cordon (from Approach 1: +1.5%). The opposite was true, but to a 
lesser extent, for EEV owners living outside the cordon, with EEV 
ownership increasing usage rates of owners crossing the boundary by 
3.3%, compared with the 3.4% (from Approach 1) increase for EEV owners 
not crossing the boundary. 

For researchers in this field, Article II is a useful comparative study for 
research efforts, complementary to Small’s (2012) study into the similarly  
minimal usage rebound effects of “fee-bate” incentives in the U.S.A. 

Overall, the analysis detailed in Article II, reveals that a usage-based 
incentive i.e. a congestion tax exemption, has led to significant increases 
in vehicle usage rates in Stockholm. In turn, policy-makers need to ensure 
that such rebound effects do not substantially offset emissions reductions 
when implementing similar incentive programs. Did this happen in terms of 
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the case study of Stockholm? The following section details the results of 
analysing the changes in emissions due to the transition to EEVs, as well 
as the offsets in emissions reductions due to the rebound effects of EEV 
ownership and the congestion tax exemption. 

1.6.5 How have EEV ownership and the congestion tax exemption 
affected vehicle emissions? (RQ5) 

Given the findings of vehicle owners increasing usage rates after adopting 
an EEV, and further increases due to the congestion tax exemption, it was 
extremely important, from a policy perspective, to understand to what 
extent these rebound effects offset the desired reduction in vehicle 
emissions. The analysis detailed in Article II shows that the adoption of 
EEVs resulted in average CO2 reduction per person of 49.6%. 

Taking into account the rebound effects, however, the study finds that 
vehicle emissions could have been decreased by a further 2.3% if 
increases in usage had not occurred. A total of 1.6% of this offset was due 
to the rebound effect of EEV ownership, whilst the remaining 0.7% was 
due to the congestion tax exemptions’ average effect across the EEV 
owner population.  

Despite these offsets, the overall ambition of reducing emissions through 
encouraging a transition to EEVs appears to be well served in this incentive 
policy case study. As mentioned previously, however, this does not 
account for potential secondary emissions effects due to the effect of 
increase usage rates on other, less efficient vehicle owners using the road 
network 

1.6.6 How do different types of government incentives affect the 
pricing, aggregate demand (fleet penetration) and marginal 
demand (annual sales) for EEVs? (RQ6) 

Although Article I exposed the effects of a particular incentive policy on 
consumer demand for EEVs, Article III builds on this work by analysing a 
separate set of panel data for 15 different metropolitan regions between 
2008 and 2012. By analysing data for multiple regions, the effects of 
different types of incentive policies could be analysed. Given this data was 
also personally collected as part of this PhD candidature, other factors, not 
previously considered in Article I, could be included in the analysis, such 
as: inflation, population density, fuel prices, and importantly, product 
pricing. The modelling process was carried out using a unique method of 
analysing systems of equations based on panel data, known as Error-
Component Three-Stage Least Squares (EC3SLS) regression. In turn, 
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Article III makes a significant contribution to academic knowledge, in 
providing an example of the practical applications for this unique method. 

Through this analysis it was found that, surprisingly, only two types of 
incentives had a direct effect on EEV demand. Upfront incentives (referred 
to as Type A incentives in Article III), such as cash rebates, appear to have 
led to a 1.4 percentage point increase in marginal demand (MD) on 
average, and a 0.3 percentage point increase in aggregate demand (AD) 
on average. This finding is in line with the studies of both Martin (2009) and 
Beresteanu and Li (2011) who found that Type A incentives have a 
significant effect on consumer demand for EEVs in the USA. This finding, 
does however, lie in contrast to the findings of Article I, which did find a 
significant effect for a usage-based incentive (referred to as Type D 
incentive in Article III). This discrepancy, however, could be due to the 
different time periods analysed, or the fact that many of these types of 
incentives, such as the congestion tax exemption in Stockholm, were 
phased out early in the panel data time period of analysis. 

Turning to the effect of different incentives on pricing, an innovative proxy 
was used to represent the price gap (or premium) between EEVs and 
comparable conventional vehicles. This variable was constructed as the 
normalised purchase price difference, listed by the dealer, between a 
common EEV – that of the Toyota Prius, and its conventional counterpart 
– the Toyota Corolla. 

The four types of incentive policies analysed in Article III were found to 
have an effect on the EEV price premium. Interestingly, Type A incentives, 
the group that had the greatest effect on EEV demand, in fact also led to 
an increase in EEV price premium by 11.3 percentage points, on average. 
Type B (e.g. sales tax reductions/exemption), Type C (e.g. annual fee 
reductions/exemptions) and Type D incentives all led to decreases in the 
price premium on average, at -11.9 percentage points, -18.7 percentage 
points and -7.8 percentage points, respectively. 

So what caused this discrepancy in terms of how different types of 
incentive policies appear to have affected EEV price premiums? One 
theory, as pointed out in Article III, is that Type A incentives (e.g. upfront 
cash rebates), could be more easily quantified by vehicle manufacturers at 
the point of sale, and as such, the policy benefit, although designed for the 
consumer, appears to have been partially absorbed by vehicle 
manufacturers.  

Further evidence for this theory is provided upon analysis of the effects of 
Type B incentives (e.g. sales tax reductions/exemptions). Compared with 
Type A incentives, Type B incentives, whilst also increasing aggregate 
demand (+0.3 percentage points), in fact, reduced the price premium. The 



 

 

24 

positive effect of Type B incentives on consumer demand for EEVs has 
also been identified by Chandra, Gulati and Kandlikar (2010) in their 
analysis of EEV sales in Canada. 

Given Type B incentives largely consisted of policies, such as sales tax 
waivers, it is understandable that such incentives could not as easily be 
captured in price changes. This type of incentive appears to have 
genuinely increased demand for EEVs, whilst in fact decreasing the price 
gap (premium) between EEVs and conventional vehicles. 

With different types of incentives affecting both price and demand for 
EEVs, it was important to understand whether these two factors were 
endogenous, in order to understand where incentive effects, such as 
decreases in the price premium, indirectly had an effect on consumer 
demand. This particular issue is also addressed in Article III and outlined 
below. 

1.6.7 Are EEV demand and price endogenous? (RQ7) 

As mentioned previously, it is important for policy-makers to have a good 
understanding of how the EEV market operates, and in turn, how different 
incentive policies (and other demographic and economic factors) affect 
demand and price, both directly and indirectly. 

The unique method adopted in the analysis detailed in Article III – known 
as EC3SLS – allowed for an estimation of the endogenous relationship 
between marginal demand and price premium. It was found that a                                  
1 percentage point increase in price premium would lead to a 0.02 
percentage point decrease in marginal demand, and have half that effect 
on aggregate demand, leading to a 0.01 percentage point decrease. This 
difference in effects was expected given aggregate demand represented 
fleet penetration, and as such, captured the cumulative demand for EEVs, 
as compared to marginal demand that captured the share of annual EEV 
sales – which would be more sensitive to price premium changes. 

Looking at the effect of marginal demand on price premium, the model 
suggests that a 1 percentage point increase in marginal demand could 
result in up to a 3.8 percentage point decrease in price premium. Given the 
average marginal demand over the 5-year time period and 15 regions 
analysed was 1.67%, such an increase in marginal demand could be 
substantial (59.8% increase in number of sales). Given an increase in 
marginal demand by this magnitude, we would expect, as a consequence, 
a decrease in price premiums.  
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Given the endogenous relationship identified through this study, it was also 
important to understand how these relationships impacted upon the effects 
of different policy effects. 

For Type A incentives (e.g. upfront cash rebates), the endogenous 
relationship between price and demand in fact meant that, including both 
direct and indirect effects, this policy type only led to a 8.1 percentage point 
increase in the price premium (direct effect: +11.3), however, in fact only 
increased marginal demand by 0.9 percentage points (direct effect: +1.4). 
This meant that although the policy type still had a significant impact on 
demand taking into account the indirect effects due to increased price 
premiums, the actual policy effect on demand was approximately 35% less 
than initially estimated. Such a finding has significant repercussions; both 
within the academic literature, and for policy-makers, in revealing that the 
endogenous relationship between EEV demand and price is significant, 
and can have a substantial impact of the effectiveness of different policies. 

Interestingly, when we look at how the endogenous relationship affects the 
other three types of policies, we find that these policy types lead to indirect 
effects upon the marginal demand for EEVs. Specifically, by accounting for 
the endogenous relationship between price and demand we can see that, 
on average: 

• Type B incentives (e.g. sales tax reductions/exemptions): increase 
marginal demand by 0.3 percentage points, and decrease price 
premium by 12.9 percentage points; 

• Type C incentives (e.g. annual fee reductions/exemptions): 
increase marginal demand by 0.4 percentage points, and 
decrease price premium by 20.4 percentage points; and finally, 

• Type D incentives (e.g. usage-based fee reductions/exemptions): 
increase marginal demand by 0.2 percentage points, and 
decrease price premium by 8.5 percentage points. 

It can be seen from these findings that in fact all types of incentive policies 
appear to increase consumer demand for EEVs, however, the mechanism 
by which they do so differs. The findings of Types B and C increasing 
demand are in line with that of Diamond (2009), whilst the positive effect 
of type C on demand is also found by Riggieri (2011). 

Gallagher and Muehlegger (2011) find that Type A policies have a greater 
impact on demand than Type B incentives, as found here, however, they 
find the Type B incentives have a greater impact on demand than Type C 
incentives, which is opposite to the findings of Article III. 

Overall, the results presented here are particularly relevant to policy-
makers considering introducing different types of incentives to encourage 
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the adoption of EEVs. As detailed, the direct effects of these policies does 
not always tell the whole story, and given the endogenous relationship 
identified between EEV demand and price, it is suggested that all future 
studies in this field attempt to capture this effect in order to properly assess 
both the direct and indirect effects of government incentives. 

1.6.8 How have demographic and economic factors, such as fuel 
prices, affected EEV demand and pricing, compared with 
government incentive policies? (RQ8) 

The final research question of this thesis was included in order to provide 
both policy-makers and other researchers in this field with a better 
understanding of how different demographic and economic factors also 
influence EEV demand and pricing. A few other studies have already 
attempted to quantify some of these other effects – specifically fuel price 
changes – on EEV demand and pricing. The findings of these studies are 
compared with those outlined in Article III, and have been summarised 
below. 

Although some studies, such as Riggieri (2011), have not found conclusive 
evidence to suggest a link exists between higher fuel prices and increased 
demand for EEVs, other studies, such as Beresteanu and Li (2011) have 
observed substantial effects. Specifically, the latter study found that a US$ 
1 increase in petrol prices (per litre) in 2006 would have resulted in a 176% 
increase in EEV sales.  

In Article III, higher fuel prices are also found to increase demand for EEVs 
– a US$ 1 increase in petrol prices (per litre) would lead to a +1.7 
percentage point increase in marginal demand and a +0.4 percentage 
point increase in aggregate demand. Using the average MD and AD figures 
in the dataset of 1.67% and 0.53%, respectively, this effect would represent 
a 102% increase in annual EEV sales, and a 76% increase in the number 
of EEVs in the vehicle fleet – findings in line with those of Beresteanu and 
Li (2011). 

Shifting focus to the effect of increases in fuel prices on EEV pricing, again 
a number of studies have investigated this issue. Busse, Knittel and 
Zettelmeyer (2009) found that a US$ 1 increase in petrol prices would 
increase the price of the Toyota Prius by 17.2%, whilst Beresteanu and Li 
(2011) found that this increase in petrol prices would lead to a 24.8% 
increase in the price of the Toyota Prius. In line with these findings, the 
model developed in Article III shows that a US$ 1 increase in petrol prices 
would lead to a 19.7 percentage point increase in the EEV price premium 
i.e. a 19.7 percentage point increase in the price gap between a Toyota 
Prius (EEV) and a Toyota Corolla (conventional vehicle). 



 

 

27 

  
 

So how do these effects compare with the impact of different policies? This 
is an extremely relevant question given that fuel taxation is seen as an 
alternative mechanism by which governments can encourage the adoption 
of more fuel-efficient vehicles. Based on the results listed above (excluding 
indirect effects): 

• US$ 0.57 increase in petrol prices would have the same effect as 
Type A incentives (e.g. upfront cash rebate) on price premium; 

• US$ 0.88 increase in petrol prices would have the same effect as 
Type A incentives on marginal demand; 

• US$ 0.75 increase in petrol prices would have the same effect as 
Type A incentives on aggregate demand. 

As discussed previously, however, these increases in fuel prices would 
ultimately also increase EEV price premiums and partially offset the 
increase in consumer demand. The average petrol price (per litre) in the 
dataset was US$ 1.77 – meaning that these changes in fuel prices 
represent a 35-50% increase in the fuel price. For incentive Types B, C 
and D, the required increase in fuel price would be closer to 15-20%. 
Increased fuel taxation could, realistically, get close to these figures, 
however, the distributional equity effects of increasing fuel prices for the 
entire population, without subsidisation of alternatives, would likely be 
substantial, particularly in countries with low population densities.  

Although some increases in fuel prices would be positive for policy-makers 
endeavouring to increase demand for EEVs, it is the recommendation of 
this study that the revenue raised through any increases in fuel taxation 
are used to subsidise EEV purchases in order to offset any increases in 
EEV price premiums, and minimise the distributional equity effects – in a 
carrot-and-stick approach. This is an alternative program to that of the “fee-
bate” schemes, analysed by Gallagher and Muehlegger (2011) and Musti 
and Kockelman (2011). 

Equipped with this knowledge, policy-makers and researchers alike can 
better design and investigate future incentive policies in this field, taking 
into account the wider effects of other demographic and economic factors 
on EEV demand and pricing. 

1.6.9 How do the fixed and variable economies of scale affect the 
long-term effectiveness of a temporary incentive policy? (RQ9) 

The final research piece of this thesis, Article IV, takes a different approach 
to the first three articles by using a stylised model to better explain the 
precise mechanisms at play within the EEV market that ultimately affect 
whether an incentive policy is successful or fails. 
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All EEV incentives are designed to be temporary, with the ambition being 
that within a finite time period, policy-makers can encourage a shift within 
the vehicle market to EEVs through reduced prices. What ultimately 
determines whether an EEV is cost-competitive is the cost differential 
between it and its incumbent competitor – an equivalent conventional 
vehicle.  

As is the case with all new products, when both demand and supply are 
initially low, prices are generally higher. The ambition of an incentive in 
driving up consumer demand for a new product, such as EEVs, is to also 
initiate reductions in the cost differentials between EEVs and conventional 
vehicles through economies-of-scale. 

Article IV outlines the minimum threshold economies-of-scale effects 
required for both the fixed and variable costs of EEV ownership, in order 
for an incentive to push the EEV market towards its tipping point, and 
subsequently be phased out without a market bounce-back or collapse 
towards conventional vehicles. Whether the incentive policy directly affects 
the variable or fixed costs, economies-of-scale effects in both variable and 
fixed costs can be attained through increased levels of consumer demand.  

It is critical that policy-makers have an accurate indication of the threshold 
economies-of-scale levels when designing and monitoring a EEV incentive 
policy, in order to ensure that it is pushing the market towards its tipping 
point, and in turn, that the policy is not prematurely withdrawn. 

The precise threshold levels of economies-of-scale effects vary 
significantly across different policy designs, and as such, Article IV, 
attempts to highlight the effects of a policy’s magnitude and duration on 
these minimum required levels, as describe further below. 

It is important to recognise that Article IV’s use of a stylised model means 
that the results obtained are qualitative in nature, and as such, are only 
reported to provide an indication to policy-makers of the mechanisms at 
play within the EEV market, but not precise estimates for Stockholm. 

1.6.10 How do the magnitude and duration affect the long-term 
effectiveness of a temporary incentive policy? (RQ10) 

As described previously, in order for a sustainable transition to EEVs to be 
achieved, sufficient economies-of-scale effects must be attained in order 
to ensure that the EEV market does not bounce-back or revert to 
conventional vehicles after policy phase-out. The level of economies-of-
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scale effects that are required vary significantly according to both the 
magnitude and duration of the incentive policy that is employed. 

Article IV utilises a stylised model largely representative of Stockholm’s 
EEV market. Three different policy designs are modelled, where the 
original magnitude and duration of the policy are varied to understand the 
effects of these changes on the economies-of-scale required for a 
sustainable transition, EEV market shares, as well as on secondary effects 
such as congestion – as will be discussed further below. 

The results of the stylised model employed in Article IV suggest that given 
the nature of vehicle fleets and their associated slow rates of transition, a 
longer duration incentive is much more likely to lead to a successful 
outcome, rather than shorter incentives of higher magnitudes.  

Stockholm’s congestion tax exemption was only in place for new vehicles 
for 18 months, but was prematurely phased out due to increased 
congestion levels. As shown in Article IV, if the incentive had been 
maintained for the originally-intended 5 year duration, it is much more likely 
that a sustainable transition to EEVs would have been achieved, and the 
subsequent market bounce-back avoided – assuming no other market 
conditions contributed to the bounce-back in Stockholm.  

In saying, this analysis also shows, that the magnitude of the incentive i.e. 
a 100% exemption from the congestion tax, was likely excessive, and 
beyond what was necessary to spur the minimum economies-of-scale 
effects required within the 5-year exemption period. As such, although the 
results are qualitative, Article IV’s model suggests that a more effective 
congestion exemption policy design would have comprised of a higher toll 
rate, with a lower discount/exemption, over the originally-intended 5-year 
exemption period. Such a policy would have also minimised the secondary 
effect of congestion, as outlined the following section. 

1.6.11 How do secondary effects, such as congestion, affect the 
long-term effectiveness of a temporary incentive policy? (RQ11) 

The final research question of this thesis is answered in Article IV, where 
the secondary effect of induced congestion, caused by a congestion tax 
exemption, are analysed.  

As was already outlined in Article II, it is clear that EEV owners tend to 
drive further than their conventional vehicle counterparts, and that 
congestion tax exemption encouraged even further usage by EEV owners. 
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This was expected given the rationale for prematurely phasing out 
Stockholm’s congestion tax exemption after only 18 months was due to the 
rapid uptake in EEVs, and in turn, the rapid increase in congestion levels 
– the very factor the congestion pricing scheme was put in place to 
manage. 

Article IV takes a different perspective on the issue, by providing insight 
into the varying levels of congestion that could be expected based upon 
variations in the incentive policies design. Now again, given the stylised 
nature of the model, these findings were more qualitative in purposed, and 
only suitable for comparing between the three policy designs modelled in 
Article IV. Given a more detailed dataset, presumably the model could be 
expanded to provide quantitative results to be compared with the findings 
of Article II – this is not, however, dealt with in this thesis. 

As expected, Article IV highlights that the longer the exemption policy is in 
place, the greater the levels of congestion given the higher uptake and 
usage of EEVs. In order to manage this congestion, Article IV models a 
policy design that is comprised of a higher toll rate and a lower exemption 
discount (referred to as Policy C). The results show that although the 
economies-of-scale required for a sustainable transition are slightly higher 
for this policy design, they are relatively similar to the excessive policy of a 
100% discount for 5 years (Policy B). In contrast, however, Policy B was 
found to lead to congestion levels more than 18 times higher than Policy 
C. 

The findings of Article IV highlight to policy-makers the importance of 
monitoring EEV cost-differentials, and that EEV incentives need not be 
excessive to induce sustainable, long-term transitions, but if they are, such 
policies run the risk of leading to substantial secondary effects, and 
ultimately are not cost-effective. 
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1.7 Significance of Findings 
The analysis of results detailed in this thesis are useful to both policy-
makers and researchers in the field of transport research, particularly in 
terms of the energy efficient vehicle market.  

Although a number of studies have already analysed the stated 
preferences of consumers towards EEVs, this thesis, particularly through 
Article I, contributes to providing demographics of individuals who have 
actually chosen to purchase an EEV. This is done through the analysis of 
new vehicle registrations in Stockholm County during 2008. This 
information is particularly significant when considering the design of future 
government incentives, and EEV consumer surveys, in terms of better 
targeting these initiatives.  

The scarcity of literature investigating the usage rates, and potential 
rebound effects of EEVs, spurred the production of Article II. The findings 
of this paper are particularly significant, given that rebound effects have 
been identified – with EEV owners driving up to 12.2% further than their 
demographically-similar conventional vehicle counterparts. Although the 
repercussions on emissions reductions seem to be minimal (-2.3%), it does 
highlight the need for policy-makers to thoroughly investigate the impacts 
of incentivising the adoption of EEVs, not only on demand and pricing, but 
also in terms of vehicle owner behaviour and usage. This is one of the first 
research publications on this topic, and as such, will form a useful case 
study for future analyses. 

Another topic in the field of EEV research that has not yet been 
investigated is that of the endogenous relationship between EEV demand 
and price. Article III directly addresses this need through the modelling of 
panel data for 15 regions around the world, using a unique analysis 
technique known as Error-Component Three-Stage Least Squares 
(EC3SLS) regression. Through this process, the study identifies 
statistically significant relationships between EEV demand and price, 
which is of great significance, particularly in terms of assessing the 
effectiveness of different government incentives. The discovery of this 
relationship meant that incentive policies not only have direct effects on 
EEV demand and price, but also can indirectly affect these factors through 
the endogenous relationship that is present. Article III is the first such study 
to investigate this issue, and as such, its findings are of paramount 
significance to both policy-makers and researchers investigating the 
effects of different types of EEV incentives on the market. 

Finally Article IV takes a detailed look at the primary mechanisms at play 
within the EEV market, and how variations in incentive design ultimately 
effect the economies-of-scale required for a long-term sustainable 
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transition, as well as secondary effects such as congestion. Any policy-
maker with the ambition of introducing similar initiatives, can use the 
findings of Article IV to design a cost-effective, targeted but flexible 
incentive policy, with the required knowledge of what to monitor to increase 
the likelihood of long-term success for the program. 

Articles I, II and IV make significant contributions to the case study of 
Stockholm in terms of EEV policy analysis.  

Article I shows that the congestion tax exemption was significant in terms 
of increasing marginal demand for EEVs – resulting in an additional 519 
EEVs sold in 2008. Article II builds on this work to show that, although 
some rebound effects were present in Stockholm, due to EEV ownership 
and the influence of the congestion tax exemption, overall, these moves 
have resulted in a 49.6% reduction in the direct emissions of EEV vehicle 
owners. Article IV sheds further light on why this policy did not lead to a 
sustainable transition to EEVs, and highlights possible changes to this 
incentives, and similar policy initiatives, that could increase the likelihood 
of success in encouraging a transition within vehicle fleets towards EEVs. 

Taking a broad view across the four articles included in this thesis, it is 
clear that this body of work makes a substantial contribution to the public 
policy arena, with a number of significant findings. This is particularly 
important given that the main purpose of this document is to equip policy-
makers, from around the world, with additional insight into the effects of 
different types of government incentive policies on the demand, usage and 
pricing of energy efficient vehicles. 

Articles I and II demonstrate the effect of a congestion tax exemption on 
both the demand and usage of EEVs, using the specific case study of 
Stockholm. Article III expands on this work by analysing different types of 
incentive policies – categorised into four groups – in terms of their effect 
on EEV demand and pricing in a number of markets around the world. 
Although some incentive types appear to have a substantial impact on EEV 
demand, some also can increase the EEV price premium, such as Type A 
(e.g. Upfront cash rebates), and in turn offset some of these increases in 
consumer demand. These findings again are significant in contributing to 
the body of literature that has analysed the effects of different types of 
policies in the EEV market. It also makes novel contributions to academic 
knowledge by exploring the effects of different government incentives on 
EEV pricing – a topic that has largely been ignored. 

The main significance of the findings in this study is that they equip policy-
makers with additional information so that they can better understand the 
potential impacts of different types of government incentives on EEV 
demand, usage and pricing, and how variations in policy design can 
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ultimately affect the market – both through intended and unintended 
mechanisms.  

With this knowledge in hand, policy-makers can design efficient, targeted, 
multi-faceted “carrot-and-stick” programs, which take advantage of both 
the positive effects of incentive policies (“carrots”) and the positive effects 
of other factors, such as increased fuel prices (“sticks”), maximising the 
benefits of EEV adoption, whilst minimising market distortions, 
distributional equity effects and secondary/rebound effects, such as 
congestion. 
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1.8 Limitations of Thesis Research 
Despite the significant findings outlined in this thesis, there are of course 
some limitations. Firstly, this thesis makes no attempt to determine which 
types of vehicles, or EEVs, are the most environmentally-friendly; nor is it 
suggested which type should be encouraged. These factors are 
superfluous to the main ambitions of this study. They are, however, 
nonetheless critical issues that deserve proper attention. 

Focussing firstly on the two articles analysing the case study of Stockholm 
(Articles I and II), although revealed preference data was used, it is 
impossible to know whether the registered owner of these vehicles was in 
fact the predominant user or even the decision-maker when it came to the 
vehicle purchase. This could be one reason as to why some discrepancies 
were found in terms of EEV owner demographics, when compared with 
some stated preference data publications. It may, however, also simply be 
due to geographical differences between the regions analysed. 

Another shortcoming of the first two articles is that the research design fails 
to capture the effect of the congestion tax exemption on non-commuting 
trips. Given the data that was presented, assumptions had to be made in 
regards to which individuals were most likely to be affected by this policy. 
As such, the results are based on the assumption that owners not crossing 
the congestion pricing cordon boundary were not affected by the 
exemption incentive. This assumption, in reality, is likely stretched. If 
anything, however, this suggests that the estimates provided, particularly 
in terms of the policy’s effect on consumer demand, are conservative and 
underestimate the total impact of this government incentive. 

In terms of Article III, aggregate level data from multiple sources has been 
used – leading to a potential increase in error. The study was also confined 
to only 15 regions over 5 countries, that may not necessarily be 
representative of other regions – at least in the developed world – and as 
such further work needs to be carried out in terms of expanding this dataset 
and rerunning the documented analysis. 

In terms of Article IV, the study is only partly based on aggregate date from 
Stockholm, and makes many assumptions about both consumer and 
market behaviour. The purpose of the paper was to provide a qualitative 
overview of the mechanisms at play within the EEV market, particularly 
with the intervention of government incentive program. Nonetheless, it is 
important to highlight that, given the stylised nature of the model employed, 
the results of Article IV are not precise and cannot be used to predict actual 
market shares, economies-of-scale effects or congestions levels under 
different policy designs. In other words, the results are indicative only. 
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Finally, this study is limited to the analysis of developed countries, yet 
transport emissions amongst developing nations are a significant issue. 
Given the substantial differences in demographic and economic factors 
between the regions analysed, and that of an average developing country, 
some of the findings enclosed may not be applicable to these nations. This 
warrants further work that specifically focuses on policy tools that could be 
used in developing countries to encourage a shift towards a more 
sustainable transport system. 
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1.9 Future Research 
As outlined in the limitations of this study, there are several areas that 
remain unaddressed and where further investigative efforts are warranted. 

Specifically, additional RP-datasets need to be analysed in order to shed 
further light on the discrepancies in ‘typical’ demographics of EEV 
consumers that currently exist within the literature. Of course, the various 
SP-based studies are comprehensive in their analysis, but there is a need 
to compare these findings with that of RP-based studies, particularly given 
that the EEV market is still maturing, and the characteristics of individuals 
who actually purchase EEVs may differ somewhat from those who ‘think’ 
or ‘want’ to purchase an EEV. 

Further work developing the dataset analysed in Article III is planned, with 
the ambition of expanding the panel data to include 30-50 regions over a 
5-to-10 year time period. Through this process, the validity of the findings 
documented in Article III will be examined, with additional focus placed on 
the indirect effects of different types of government incentives on EEV 
demand and price. 

Additionally, with the collection of more accurate EEV market data, 
including EEV sales, vehicle fleet figures and EEV pricing, it is hoped that 
the conceptual model developed in Article IV can be applied to determine 
quantitative results for a specific region, under a specific incentive policy 
program. 

Finally, with the increasing uptake of electric vehicles in particular, in 
conjunction with the advent of self-driving vehicles and the sharing 
economy, a range of completely new dynamics have been introduced into 
the EEV and wider vehicle markets. At the beginning of this PhD, there 
was a general consensus that vehicles would gradually increase in 
autonomy, but at a far slower pace than has been witnessed during the 
course of this candidature. As such, there is a whole new realm of research 
to be carried out, investigating the interactions between EVs (and other 
EEVs), self-driving vehicles and shared vehicles – given these three 
disruptive trends have the potential to radically transform our transport 
systems, and significantly impact the uptake of each other. It is also 
particularly important to understand the potential effect of different 
incentives and initiatives, given government policy will undoubtedly play a 
significant role in influencing the ultimate outcome of these three trends. 
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1.10 Recommendations for Policy-makers 
Encouraging a transition towards a more energy-efficient and sustainable 
vehicle fleet is a noteworthy endeavour for any policy-maker to adopt. 
Given the current pressures of increasing emissions on the global climate, 
and the effects of this pollution on human health, it is more important than 
ever that policy-makers adopt programs and strategies that will move us in 
the right direction towards a more sustainable society. 

This thesis’s specific contribution to this issue is to equip policy-makers 
with both the evidence and knowledge required in order to design 
successful incentive programs. Its success will be measured by the 
efficient increase in the uptake of EEVs with minimum distortion to the 
market and minimum usage rebound effects. 

Firstly, for the sceptics and others interested in the environmental impacts 
of EEV adoption, Article II of this thesis details the changes in both user 
behaviour, and in turn, vehicle emissions, through the adoption of EEVs. 
Some rebound effects are identified, with particular EEV owners driving up 
to 12.2% further annually than their demographically-similar conventional 
vehicle counterparts. Despite the increased usage rates, through the 
adoption of EEVs, such owners have decreased their direct tailpipe 
emissions by 49.6%, with rebound effects only offsetting emissions 
reductions by 2.3% - of which 1.6% was due to the rebound effects 
associated with EEV ownership, with the other 0.7% due to the congestion 
tax exemption. 

In particular, it was found that the congestion tax exemption had a 
significant effect on the usage of EEVs. Although this incentive policy 
overall had a substantially positive effect on Stockholm’s environment, this 
case study provides a cautionary warning to policy-makers to carefully 
consider the design of incentive programs to ensure that any behavioural 
changes will not excessively erode the desired policy outcomes.  

From the results of this thesis, it can be seen that most types of 
government incentives do increase the demand for EEVs, however, it is 
the mechanism by which they do so that does in fact differ. Incentives such 
as cash-handouts or purchase rebates (Type A incentives) appear to have 
the greatest effect on demand, which is expected given consumers are 
provided with “no strings attached” cash which they can then use for 
whatever means they desire. One of the problems of this incentive type, 
however, is that it also appears to drive up the dealer-listed purchase price 
gap between EEVs and comparable conventional vehicles. It is suspected 
that, given the ease with which one can quantify the value of this incentive 
at the point of sale, vehicle manufacturers are in fact partially absorbing 
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this type of government incentive by increasing EEV prices. As shown 
though, this is not the end of the story. 

It has been found that EEV demand and price are endogenous – price 
increases lead to decreased marginal demand, and vice versa. Specifically 
referring back to Type A incentives, this means that any increase in 
demand is partially offset, indirectly, through the increase in price 
premiums. 

In contrast, purchase cost reduction incentives, such as sales tax waivers 
(Type B incentive), whilst increasing aggregate demand, in fact reduce 
EEV price premiums, and in turn lead to further increases in consumer 
demand. 

Similarly, running cost reduction incentives, such as registration fee 
exemptions (Type C incentive), or usage-based benefits, such as toll road 
exemptions (Type D incentive), also lead to decreased EEV price 
premiums, and in turn, indirectly increase marginal demand. The direct 
effects of these policies on EEV consumer demand is, however, less clear. 
The literature in this field is also not conclusive in terms of the effects of 
each policy type. Article I of this thesis, however, does find that a 
congestion tax exemption (Type D incentive) has had a statistically 
significant effect on consumer demand for EEVs in Stockholm. 

It can also be seen through this study that other demographic and 
economic factors influence EEV demand and pricing. Lower inflation rates 
and higher population density, tend to lead towards higher demand for 
EEVs, however, can also lead to higher EEV price premiums. 

Specifically referring to the effects of changes in petrol prices, this study 
shows that, depending on the type of incentive, fuel prices would need to 
increase by 15-50% in order to have an equivalent effect on consumer 
demand. An increase in fuel prices of this magnitude, however, would 
equally lead to a substantial increase in price premiums, particularly given 
that a US$ 1 increase in average petrol price (representing approximately 
a 50% increase in average petrol prices across the 15 regions analysed in 
Article III) would result in a 19.7% increase in the price gap (or premium) 
between EEVs and comparable conventional vehicles. This is not to 
mention the significant distributional equity effects of increasing fuel prices 
to such an extent, for an entire population, without subsidisation of 
alternatives. 

Given vehicle fleets are slow to transition, it is likely that incentives of a 
greater duration are more likely to push the EEV market towards its tipping 
point. If incentives are withdrawn prematurely, as was the case with 
Stockholm’s congestion tax exemption, policy-makers run the risk of 
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inducing a bounce-back towards conventional vehicles, and ultimately, the 
failure of their incentive program. As outlined in Article IV of this thesis, this 
phenomenon has been observed across several different markets, during 
different time periods and affecting different types of EEVs.  

It is critical that policy-makers understand the interaction between a 
incentive policy’s magnitude and duration on the minimum economies-of-
scale that are required to ensure a sustainable transition to EEVs after the 
policy is phased-out. As demonstrated in the Article IV, the policy need not 
necessarily be excessive in magnitude, and in fact, in doing so, particularly 
in terms of a usage-based incentive (Type D), such as a congestion tax 
exemption, an excessive incentive may induce greater secondary effects 
i.e. increased congestion. 

Taking all of these factors into consideration, the findings of this study 
suggest that the most efficient and successful strategy a policy-maker can 
adopt in order to encourage the uptake of EEVs would be to progressively 
increase fuel taxation, and in turn fuel prices, using the subsequent 
revenue generated to introduce different government incentives for EEV 
adoption and public market campaigns, in a multi-faceted “carrot, stick and 
sermon” approach. 

Given that upfront cash rebates (Type A incentives) appear to distort the 
market, it is recommended that other incentive types be given precedence, 
but with careful attention paid to the potential effects of these policies on 
vehicle owner behaviour, particular in terms of usage-based (Type) 
incentives, such as a congestion tax exemption. 

The incentive policy program should be in place long enough to ensure 
economies-of-scale are obtained, such that the EEV market reaches its 
“tipping-point” and after the incentive program is phased out, the transition 
to EEVs continues. The incentive program should be cost-effective, 
minimising both the magnitude of revenue required to fund the scheme, as 
well as the likelihood of inducing secondary effects, such as congestion. 

By implementing a program on this basis, a policy-maker would have the 
best chance of ensuring that their incentive package is cost-effective and 
targeted in terms of increasing demand for EEVs, and potentially cost-
neutral through increased fuel taxes.  

Furthermore, such a package would minimise the potential distributional 
equity effects caused by increased fuel prices, by subsidising the costs of 
alternative mobility options i.e. EEVs and Public Transport. Such a 
package would also ensure minimum distortion to the EEV pricing market 
and if carefully designed, minimal rebound effects in terms of vehicle owner 
usage rates.  
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Article I:  

The impact of a congestion tax exemption on the 
demand for new energy efficient vehicles in 
Stockholm 
With an ever-increasing focus of governments on measures that can be 
implemented to reduce greenhouse gas emissions, including within the 
transport sector, it is often helpful to look to other regions that have already 
experimented with various policy options, in order to learn from their 
mistakes. 

Article I of this thesis includes the analysis of a unique dataset comprised 
of new vehicle registrations in Stockholm County, in 2008. This registry 
data has been been paired with owner-specific demographics, including: 
Owner age, gender, income, home location, work location, number of 
children, etc. 

Using this highly detailed revealed preference data – which is comprised 
of actual consumer purchase choices – a discrete choice model is 
developed in order to determine which individuals purchased EEVs 
(Research Question 1) and, through a policy simulation, assess the effect 
of a government incentive – that of an exemption for EEVs from 
Stockholm’s congestion pricing scheme – on the consumer demand for 
EEVs (Research Question 2). The results of this paper are compared with 
previous, simpler analyses of the congestion tax exemption.  

Overall, Article I includes a number of interesting findings in regards to 
which individuals choose to purchase EEVs, and how a government 
incentive has ultimately affected consumer demand. 
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Article II:  

Transitioning to energy efficient vehicles: an 
analysis of the potential rebound effects and 
subsequent impact upon emissions 
Despite the increasing number of studies investigating consumer 
preferences and demand for EEVs, usage rates and behavioural changes 
due to EEV adoption are yet to be comprehensively addressed in the 
literature. 

Building on the model structure presented in Article I, but focussing on a 
different subset of data for Stockholm County in 2008 that included real 
annual usage rates; Article II compares usage rates between 
demographically-similar vehicle owners to assess the rebound effects of 
EEV ownership (Treatment 1) and commuting across the boundary 
(Treatment 2). Using propensity score matching, owners are compared 
based on their demographics – age, gender, income, home location, 
number of children, etc. – and a car characteristic – vehicle weight (as a 
proxy for size) – in order to minimise the number of potentially confounding 
factors. As a result of this process, any differences in usage rate could be 
attributed to the specific treatment – either owning an EEV (1) or crossing 
the cordon boundary (2). 

Article II, whilst complementary to the research effort detailed in Article I, 
focuses specifically on the rebound effects of owning an energy efficient 
vehicle (Research Question 3); how a specific government incentive 
affected EEV usage rates (Research Question 4); and finally, the change 
in emissions due to the transition towards EEVs, including any offsets due 
to rebound effects. 

The article details a number of particularly important lessons for policy-
makers considering to incentivise the uptake of EEVs using usage-based 
benefit policies (Type D), such as an exemption from congestion pricing. 
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Article III:  

The impacts of incentive policies on energy 
efficient vehicle demand and price: an 
international comparison 
As the number of regions incentivising the uptake of EEVs increases 
around the globe, it is important for policy-makers to sufficiently understand 
how different types of policies affect marginal demand (annual sales), 
aggregate demand (fleet penetration) and pricing of energy efficient 
vehicles. 

Article III departs from the case study analysis of Stockholm featured in 
Articles I and II, and focuses on a broader set of aggregate level, panel 
data, consisting of EEV market information for 15 metropolitan regions 
around the globe, over a 5-year period between 2008 and 2012. Although 
there is some overlap with Article I in regards to analysis of consumer 
demand, Article III investigates the effects of four different types of 
incentives policies on not only consumer demand (marginal and 
aggregate) but also upon pricing (Research Question 6). Utilising an 
innovative proxy for the price gap (or premium) between EEVs and 
comparable conventional vehicles, this analysis also examines whether 
different incentives have increased this difference in price, or reduced it. 

By taking a broader perspective on the market, a number of additional 
factors could be introduced into the model (Research Question 8), and 
specifically the relationship between EEV demand and price could be 
examined for endogenous effects (Research Question 7). 

Complementary to the findings of Article I, policy-makers would be 
particularly interested in the evaluation of different incentive effects on EEV 
price and demand, as well as the magnitude of these impacts, relative to 
other economic or demographic changes, as detailed in Article III. 
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Article IV:  

Pushing the market towards its “tipping-point”: 
What conditions support a sustainable transition 
towards energy efficient vehicles? 
Despite policy-makers best of intentions, Stockholm’s congestion tax 
exemption, examined in Articles I and II, did not ultimately lead to a 
sustainable transition to EEVs. The policy was prematurely withdrawn due 
to increases in congestion, due to the uptake of EEVs, and the increased 
levels of usage carried out by these drivers, as was found in Article II. 

Article IV builds on the previous three articles, to provide insight into the 
precise mechanisms at play within the EEV market and equip policy-
makers with a better understanding of how incentive policies can fail, and 
conversely, what can be done in order to increase the likelihood of their 
success. 

Policy-makers should use temporary incentives to drive economies-of-
scale effects, such that the cost differentials between EEVs and 
conventional vehicles are minimised, and the prescribed incentive program 
can be withdrawn without resulting in a market ‘bounce-back’. 

In addition to highlighting the minimum threshold economies-of-scale 
levels required under different incentive policy designs (Research 
Question 9), in order to ensure a long-term sustainable transition, Article 
IV also examines the interaction between policy duration and magnitude 
and the minimum required economies-of-scale (Research Question 10). 

Article IV, again building on the results of Article II, also investigates the 
effects of an incentive’s magnitude and duration on secondary/rebound 
effects, such as congestion, in the context of achieving a long-term, 
sustainable transition to EEVs (Research Question 11). 

As the capstone research piece of this thesis, Article IV is an important 
contribution to the EEV research literature, in addition to its usefulness for 
policy-makers designing similar incentive programs, and wanting to ensure 
the long-term success of these initiatives in encouraging a transition within 
vehicle fleets towards EEVs. 
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APPENDIX A:  

Assessing the environmental impact of the 
Double PhD Program between QUT and KTH 
I admit, when I first started this Double PhD program – between two 
universities that lie on opposite sides of the world – the magnitude of the 
environmental consequences of my actions during this candidature were 
not immediately apparent to me. Within the first 12 months of starting the 
program – a particularly emissions-intensive 12-month period that 
happened to include one and half round-the-world trips – I started to 
converse with several different people about my work, my ambitions, but 
more importantly, the environmental consequences of my own actions. 

I thought - sure it’s great to write a thesis on a topic that hopefully will make 
a difference in the public policy arena of my own country, and around the 
world, but is it enough to bank on these potential successes offsetting the 
environmental impacts of my research efforts undertaken in the course of 
producing this thesis? Being the modest person that I am, I wasn’t 
convinced, and so I started to reassess how I lived my life and what I could 
do differently in order to reduce my own environmental footprint. 

I’ve always been of the belief that the best leaders in society, lead by 
example. As my mum would say – practice what you preach – it’s just that 
simple. It’s unreasonable, as researchers, if we preach to policy-makers 
and the general population that they need to make all of these revolutionary 
changes in their lives in order to help us move towards a more sustainable 
society, but are unwilling to “take some of our own medicine” and assess 
the impacts of our own behaviour. 

This appendix has been included in my PhD thesis to shed some light on 
my own personal experiences in trying to reduce my environmental 
footprint – a footprint largely expanded through my research activities – in 
the hope that I can inspire other researchers, and like-minded individuals, 
to do the same in their own lives, and to practice what we preach. So just 
how significant has the environmental impact of my research efforts been? 

A.1.  My Carbon Emissions 
In order to assess the environmental impact of my actions, I logged all of 
my predominantly research-related trips, and calculated the associated 
emissions. As mentioned previously, the first year of my candidature was 
a particularly emissions-intensive year, with a total production of 9.4 tonnes 
of CO2 equivalent through the course of travelling 69,182 kilometres 
around the world. To put this into perspective: this is over double the 
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average transport emissions per capita in Australia in 2011 (3.8 tonnes of 
CO2 per capita) and almost double the average global carbon emissions 
of 4.9 tonnes of CO2 per capita (Olivier, Janssens-Maenhout and Peters 
2012) – and this is only considering my flight emissions.  

On the basis of requiring a 50% cut in the 1990-levels of carbon emissions 
by 2050, in order to prevent the most catastrophic effects of climate change 
(Intergovernmental Panel on Climate Change 2013), it has been calculated 
that personal carbon emissions need to be reduced to 1 to 1.5 tonnes of 
CO2 per capita per annum (Marc 2007). These figures lie in stark contrast 
to the emissions produced through my own research activities. 

Initially I was shocked at just how disproportionate the impact of my own 
activities were on the global environment compared with that of the global 
average – and even worse, compared with emissions levels deemed to be 
‘sustainable’. Immediately I started to think about ways I could reduce this 
impact and developed a three-pronged approach through which I would 
aim to reduce my own personal carbon emissions. These three main 
initiatives were:  

Approach 1. Adopting a personal carbon budget to track my own 
transport emissions, and endeavouring to reduce my 
flight emissions by 10-15% year-to-year;  

Approach 2. Assessing other emissions generated in my day-to-day 
life and determining ways in which these could be 
reduced through changed behaviours; and finally, 

Approach 3. Donating funds to organisations working on 
sustainable development projects, particularly in 
developing countries, in order to offset my flight 
emissions. 

When I first presented these initiatives to my colleagues and friends, they 
asked – but if you are offsetting your emissions completely (Approach 3), 
then why would you reduce your travel emissions (Approach 1) or change 
any other behaviour (Approach 2)?  

My simple answer is – Approach 3 is the rich, developed-country persons’ 
excuse. To only adopt Approach 3 would be like saying – I have the 
financial capacity to ‘offset’ my emissions, without having to change any of 
my behaviour (unlike the rest of the world), and that is enough. Well for me 
it simply wasn’t. At the very least I wanted my research efforts to be as 
close to carbon neutral as possible – regardless of whether they resulted 
in carbon reductions through public policy development – and simply 
‘paying’ to have the excuse to pollute made me uncomfortable.  
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I sense the economists cringing as I write my point of view, but in my mind, 
the economy is not the be-all and end-all of our society. It is a tool that we 
can use to achieve many fantastic things – including encouraging the 
uptake of energy efficient vehicles – but at some point we all need to step 
back and reflect on our own behaviour, and the consequences of our own 
actions – not use the financial wealth we are lucky enough to gain, in order 
to make excuses for our behaviour. 

The tracking of my own personal emissions is detailed further in Section 
A.2. The other initiatives I have adopted in order to reduce my day-to-day 
emissions are also discussed in Section A.3, whilst the details of the 
carbon offset programs are provided in Section A.4. 

A.2.  Tracking my Research Flight Emissions 
I have included the tracking of my research-related flight emissions in 
Figure 2. As can be seen, by the conclusion of this program in early 2016, 
I should have come close to reducing my emissions, year-to-year, by 10-
15%. Of course it was harder to reduce my flight emissions further during 
this program, given a return trip between Australia and Sweden equated to 
4.9 tonnes of CO2 – and, as selfish as it was, I wasn’t willing to give up the 
PhD program in order to reduce my footprint further in the short-term. 

It should be noted that my initial reaction upon discovering the extent of my 
personal carbon emissions in 2011 resulted in a dramatic decrease in 
2012, however, this level of travel could not be maintained in order to 
attend various conferences and workshops around the globe and to be 
adequately present at both QUT and KTH during the course of the 
program.  

Despite some level of improvement in my flight emissions, the 
environmental impact of this program has nonetheless been significant. 
Precisely, it has resulted in the production of 33.1 tonnes of CO2 over the 
course of 5 years (6.6 tonnes of CO2 per year on average) generated 
through 240,198 km of travel (48,039 km per year on average) or 
approximately 6 trips completely around the world. Clearly reducing 
emissions year-to-year would not be enough, and as such, I changed my 
life in other ways to further reduce my personal emissions. 
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Figure 2 - Tracking of flight emissions: 2011 and 2015 

A.3.  Other ways to reduce my personal emissions 
The true consequences of our actions in life are not always immediately 
clear. At the beginning of this program, in 2011, I considered myself as an 
environmentally conscious individual who generally tried to minimise my 
waste and consumption. I hadn’t seriously considered, however, how my 
lifestyle choices were really impacting on the environment. 

I owned a four-wheel drive – a small one by general standards – but 
nonetheless, not the most environmentally-efficient vehicle on the market. 
I consumed about the average amount of electricity, but simply purchased 
this energy from the cheapest provider – regardless of where it was 
sourced. I also was a regular consumer of meat and dairy, and hadn’t really 
ever considered how this was affecting the environment. All of these 
actions, however, were having real consequences. 

In 2011, I sold my four-wheel drive, and adapted to use public transport or 
cycle – using my parent’s small car for non-standard trips. This immediately 
reduced my footprint, but was much more difficult to maintain in Brisbane, 
as compared to when I was living in Stockholm – purely due to the fact that 
the level of public transport offered there far outclassed what was available 
in Brisbane. I maintained a car-free life until early 2014, however, reneged 
on my change and purchased a small, low-emission vehicle. This move 
was somewhat forced through a change in personal circumstances, 
however, was a backwards step in my journey. Today, I try to avoid driving 
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as much as possible, but with family living all over the city – and Brisbane’s 
transport network still severely limited in how it addresses suburb-to-
suburb, round-city transit, it is not possible to get by without it. In saying 
this, I intend to purchase an electric vehicle during 2016. 

Moving to electricity consumption. Immediately on returning to Australia in 
2012, I replaced all light fittings in my property with LED lights; installed 
energy-efficient appliances and purchased accredited 100% renewably-
sourced electricity. My electricity bill in fact was reduced by 10%, despite 
the increased cost of purchasing green energy, due to the significant 
increases in energy efficiency – as well as a more conscious effort on my 
own behalf to minimise my energy consumption. 

Finally, we come to the issue of meat and dairy products. Experts ranging 
the former World Bank chief economist Lord Stern, to the chief of the 
United Nations Intergovernmental Panel on Climate Change have warned 
that meat and dairy production, and in turn consumption, is having a 
massive effect on the global environment. Agriculture accounts for 15% of 
global greenhouse gas emissions, half of which comes from livestock – 
and this does not include the emissions produced through the transport of 
meat, dairy and derivative products (Eshel et al. 2014; Ripple et al. 2014). 
Some studies have found that meat is having such a significant impact on 
the environment that consumption will need to be cut by 50% by 2050 in 
order to avoid the worst predicted climate change scenarios (Davidson 
2012). 

Beef consumption, in particular, has significant environmental effects – 
requiring 28 times more land and producing 5 times more GHG emissions 
compared with pork or chicken; or 160 times more land and 11 times more 
GHG emissions compared with potatoes, rice or wheat (Eshel et al. 2014). 

Furthermore, it has been found that the average meat-lovers diet leads to 
double the greenhouse gas emissions of the average vegetarian diet, and 
two and half times that of the average vegan diet (Scarborough et al. 2014). 

Taking a look at my own behaviour, in light of this mountain of evidence 
exposing the environmental impact of meat and dairy consumption, it was 
apparent that cutting out meat and minimising dairy would be a tangible 
behavioural change I could make, that would substantially contribute 
towards reducing my own environmental footprint. As such, I ate my last 
piece of meat in January of 2012, became a vegetarian and haven’t looked 
back since. In terms of dairy, I’m not quite ready to give up Camembert just 
yet, but I minimise my consumption of dairy through the use of dairy-
substitutes, such as: almond milk, rice milk, coconut cream, oat cream and 
vegetable oil-based butter substitutes – just to name a few.  
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Although I have not tracked the precise change in my environmental 
footprint in terms of general lifestyle changes over the course of this PhD 
program, I have estimated that my personal carbon emissions in 2015 
(today) were 50% less than compared with 2011 (including flight 
emissions), with average year-to-year decrease of -17.6% - see Table 1. 

Table 1 – Change in personal carbon emissions: 2011 to 2015 
Annual CO2 
Emissions 
[tonnes] 

2011 2015 Difference % Year–to–
Year (%) 

Electricity 
Consumption 3.2 0.0 -3.2 -100.0  

Vehicle Use 2.2 1.3 -0.9 -40.9  
Food/Diet/Waste 2.8 1.4 -1.4 -50.0  
Sub-total 
excluding Flights 8.2 2.7 -5.5 -67.1 -24.2 

Flight Emissions 9.4 5.4 -4.0 -35.8 -12.9 
Total 17.6 8.1 -9.5 -53.9 -17.6 

Despite these efforts, my personal carbon emissions in 2015, at 8.1 tonnes 
of CO2, were still higher than the global average. 66.7% of these 
emissions, however, were produced through my research-related flight 
activity. Given my emissions, whilst somewhat reduced, are still 
reasonably high, the final approach I took in order to reduce the 
environmental impact of my research activities was to offset my flight 
emissions through carbon offset and development programs. 

C.4.  Carbon Offset Programs 
Various carbon-offset programs exist on the market, offering ‘rich’, 
developed-country persons the opportunity to offset their behaviour. I 
apologise for the cynical tone in which I write this, but this really should be 
a last resort when an individual considers how to reduce their personal 
environmental impact. 

In my case, given emissions generated through my research activities 
were inevitable, I needed to take additional measures to offset the 
emissions that could not be eliminated i.e. flights between Australia and 
Sweden. As mentioned previously, however, I did not simply want to just 
pay for my pollution and use my financial means to excuse the 
consequences of my actions. If I was to pay to offset some of my 
emissions, I wanted to ensure that this money went towards helping those 
most vulnerable in society – who do not have the financial means to excuse 
their behaviour – develop sustainable infrastructure. This is why I 
principally purchased carbon offset through Climate Care, a firm that 
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invests funds in sustainable development projects in various developing 
countries around the globe. 

Some of my flights were also offset by Scandinavian Airlines through The 
Carbon Neutral Company, and by Qantas and Jetstar through programs 
accredited with the Australian Government’s National Carbon Offset 
Standard. In total, I have spent approximately AU$ 550/ 3,500 SEK during 
the Double PhD program on carbon offset credits. 

 

             

C.5.  Concluding Remarks 
We all have a responsibility to reflect on our actions in society and ensure 
the consequences of our behaviour do not impede upon the ability of others 
today, and into the future, to support themselves on this planet. I am part 
of the problem, and this is specifically the reason as why I have included 
this Appendix.  

If we truly are to avoid the worst possible climate change scenarios, and 
move towards a more sustainable society, we all have a part to play – and 
no one, including researchers, are exempt. Researchers, in particular, 
travel frequently for conferences and workshops, and although many of us 
in the sustainability field hope our research ultimately will play a part is 
moving us in the right direction; it is easy to lose sight of the fact that our 
very actions in doing so, could in fact have a greater impact on the 
environment than we could ever expect our research to offset. As such, it 
is critical we take this into consideration with our activities, find new and 
innovative ways to not only live our lives, but also to conduct research in a 
sustainable manner. 

My story is just one example of how a researcher might consider reducing 
their environmental impact. Whilst I still have much work to do in this area, 
and am by no means anywhere close to a sustainable level as of yet, I 
hope that this final contribution to my PhD thesis inspires others to consider 
the consequences of their own actions and behaviour, and to do something 
about it. 

After all, we only have one planet – what’s the point in researching 
sustainability if your own research activities ultimately jeopardise the very 
thing you are trying to save. 
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