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Abstract

As a subset of increasing EV growth and micro-mobility technology trends, micro-electric vehicles (micro-EVs) have
the potential to address many transport system issues. Little research quantifies micro-EV potential, increasing
investment risks. This paper builds an index to explore city propensity for micro-EV market success by incorporating
differentiation, implementation, commercialisation, consumer and manufacturer requirements, and economic
stability and viability aspects. The results highlight that micro-EV market success could most likely be influenced by
the lock-in of the city's transport system. Despite inherent difficulties due to lock-in, our index suggests that there
could be windows of opportunity for micro-EVs to be successful. Although both cities show a propensity for market
success, Shanghai scores higher than London, highlighting that these opportunities may exist particularly in
developing countries as they experience less lock-in and have more consumer incentives. Implementing micro-EVs
in cities with higher propensity could have the domino effect of motivating change in other locations.
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1 Introduction

The transition from the 19th to the twentieth century
saw the global technological development of transport,
especially in land transport [19]. Particularly of note is
the explosion of personal mobility which has brought
with it many positive consequences related to conveni-
ence, speed, comfort and freedom, as well as wider social
and economic advantages. Despite these benefits, global
transport systems are now increasingly threatening both
the quality of life of individuals and the wider environ-
ment [13]. The expansion of a large car-based transport
system has given rise to many persistent issues, such as
congestion, accidents, noise and air pollution, social ex-
clusion, land fragmentation, oil dependency and energy
security concerns [20]. Experts suggest, that increasing
pressures of population growth and climate change
might be finally causing cracks to appear that are creat-
ing ‘windows of opportunity’ changes towards sustain-
ability [45]. As such, transitions within the transport
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sector should aim to improve the efficiency of existing
systems whilst simultaneously attempting to tackle the
drawbacks in order to take advantage of these ‘cracks’.
This transformation must integrate fundamental changes
in mobility behaviour, spatial planning, traffic manage-
ment and wider system infrastructure [20].

Electric vehicles (EVs), offer technologies that many
consider fundamental in creating a sustainable future
[4]. Another area of important development is micro-
mobility — technologies that are tailored towards small-
scale personalised use including e-bikes, scooters, hover-
boards and micro electric vehicles (micro-EVs). Of these
technologies, micro-EVs have become particularly inter-
esting when considering the above-mentioned challenges
of the transport sector. Micro-EVs are miniature electric
cars that can carry one or two passengers. They are es-
sentially a synthesised technology resulting from the
adaptation of EVs to the micro-mobility context, which
could have the potential to solve many of our transport
issues [51]. Their advantages include both those of ‘trad-
itional’ EVs and those of micro-mobility technologies,
whilst simultaneously mitigating other additional trans-
port problems, such as social exclusion. Thus, micro-
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EVs could contribute to solving some of the problems
that the current transport system faces, although there
still remains uncertainty as to where they are more likely
to succeed, and what factors determine this.

The purpose of this paper is to explore the potential
for market success of micro-EVs in global cities. This re-
search will measure ‘city propensity for market success’
via the construction of a quantitative interdisciplinary
index. Considering the multiple facets required to maxi-
mise micro-EV market success in a city provides insight
into where this technology could potentially be first im-
plemented, and explores the possibility of minimising
company risk and innovation failure. London and Shang-
hai are two major global cities that micro-EV companies
are hoping to target. They will therefore be utilised as
case study cities to allow for initial exploration of the ac-
curacy and sensitivity of the index.

The remainder of the paper is structured as follows.
Section 2 will discuss the current transport system, par-
ticularly considering inherent difficulties caused by ‘path
dependency’ and ‘lock-in’ phenomena. It will then pro-
vide some background on the two case study cities of
London and Shanghai. This will be followed by a discus-
sion on the current context of EVs and micro-mobility
technologies, two innovations which are currently suc-
ceeding despite these phenomena, and which can also be
considered the ‘parent’ technologies of the micro-EV.
Building on the market successes of these technologies
within current transport systems will thus enable us to
identify possibilities for micro-EVs to fit within the
wider transport narrative. Subsequently, Section 3 will
explain the methodology for index construction, as well
as the choice of case studies. Section 4 presents the re-
sults. Section 5 outlines possible implications of these
results and Section 6 concludes by summarising the key
findings of the index, highlighting study limitations and
addressing potential future steps.

2 Background

2.1 Characteristics of the current transport system
Despite numerous attempts to integrate advances in the
transport sector, the wider regime has predominantly
resisted more radical innovations [35]. Indeed, the
current transport system is characterised by “lock-in”
and “path dependency” phenomena, which must be ex-
plained in order to understand the difficulties that inno-
vations face when attempting to be achieve market
success.

Path dependency is a self-reinforcing socio-technical
process whereby each step along a given path increases
the likelihood of continued steps in that direction, i.e.,
specific technologies and developmental pathways arise
due to positive feedback loops or increasing returns to
the adoption of specific innovations [15]. These positive
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feedback loops ultimately decrease the costs of the
chosen technology and create additional benefits for
consumers (ibid). Once a certain threshold is reached,
the cost of reversing or changing the path’s course be-
comes prohibitively high, and we say that the system is
experiencing ‘lock-in’. Indeed, this means that the vari-
ous aspects of the overall system, including the material,
organisational and conceptual dimensions, are all inter-
linked and interdependent, and a stable incumbent re-
gime has been created whereby it is very difficult to
displace existing technologies with new ones (ibid). The
established technologies thus have a distinct advantage
over new entrants, not because they are better technolo-
gies, but because they are more diffused and their adop-
tion and usage is more widespread.

Currently, society is facing its biggest lock-in
phenomenon, known as carbon lock-in, due to the
world-wide dependency on fossil fuels as the dominant
power source for all major sectors, including transport
[28]. Modern, centralised automobility systems are tech-
nically complex and demanding, and are the product of
many years of improvements of the various techno-
logical, socio-economic and political dimensions of the
system [15]. Indeed, the historical development of ICEVs
has repeatedly propagated positive feedback loops re-
lated to wealth creation and improvements in global ac-
cessibility, cementing ICEV stability within road
transport. In particular, this has resulted from the need
to have an inexpensive and reliable energy source as the
central component to the system beginning from the
period of industrialisation. Globally, this dominant en-
ergy source has been fossil fuels, and it continues to sup-
port high levels of travel consumption, particularly in
most developed countries of the world [45].

Crucially, carbon lock-in can be subdivided into three
major types which are all interlinked (ibid):

(a) Lock-in of the technologies and infrastructure
which directly or indirectly emit CO,

(b) Lock-in of governance, institutions, and decision-
making entities that affect energy-related produc-
tion and consumption

(c) Lock-in of behaviours, habits and norms associated
with demand of energy-related goods and services

Once a technology that uses carbon intensive fuel is
selected, such as the ICEV, the gradual processes of
lock-in lead those technologies which were not chosen
to become less available, attractive and costlier. Those
that were chosen gain the advantage of incumbency, in-
ertia and support from the key economic, political and
social groups that benefit from them [45]. Thus, systems
which experience ‘lock-in’ have increased risks of
innovation failure, as they make the costs and
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performance of all new technologies (both incremental
and radical) more uncertain relative to the already-
established system [28]. Yet electric lighting has dis-
placed gas, and automobiles have replaced horses and
carriages. Indeed, an innovation should be accepted if
associated benefits outweigh the costs and if it gives rise
to positive change [10]. So how can micro-EVs succeed
in the face of lock-in?

2.2 Background on case study cities: London and
Shanghai

2.2.1 London

Like many other cities, London’s transport system is fa-
cing increasing pressures due to a rapidly growing popu-
lation. At peak times, public transport operates at near
maximum capacity, and for commuters, traffic conges-
tion often results in hours of idling and stand-still traffic,
impacting both individuals and the surrounding environ-
ment [47]. With predictions of ever-increasing popula-
tion and urban growth, considerable investment will be
needed for the system to sustainably accommodate the
city’s evolving needs (ibid).

Transport for London [49] has already begun to ad-
dress these issues with expenditure plans that anticipate
future transport requirements over the next few years,
including schemes such as the Crossrail and the Tube
Upgrade Programme. Mayor of London [30] has stated
that “incorporating the environmental impacts of differ-
ent transport systems in decision-making will become
increasingly important”, as the current system accounts
for over 20% of CO, emissions and over 50-60% of
other major air pollutants within London. In fact, if
transport emission levels per capita are not reduced, the
UK will miss its 2050 climate change reduction targets.
Responding to these challenges, the British govern-
ment put forward a series of commitments that aim
to convert the city’s automobile fleet to be “as clean
as possible, as fast as possible” (ibid). One such com-
mitment involves targeting EV uptake by developing
an effective charging infrastructure, accelerated by the
£400 million Charging Infrastructure Investment
Fund. Projects such as this aim to increase the con-
venience of owning an EV, subsequently increasing
consumer demand and simultaneously encouraging
vehicle manufacturers to turn towards electrifying
their vehicle models (ibid).

These initiatives are further complemented by the Ad-
ministration’s new emissions-based parking system
within the Square Mile zone, which places greater
charges on high-polluting vehicles, and rewards drivers
of low-emissions vehicles, including EVs, with lower
tariffs [12].

Moreover, the UK government is hoping to anticipate
future technological uncertainty by implementing a
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flexible regulatory framework that targets ‘new areas’ of
development, particularly by considering micro-mobility
vehicles for the movement of people and goods (ibid).
Establishing this framework will enable future imple-
mentation and wider use of these technologies without
the need to change road legislation each time.

As it stands, London clearly recognises the benefits of
EVs, promoting their use and augmenting their infra-
structural capacity, and anticipates future micro-mobility
growth. However, the evidence for the status of micro-
EV technologies in the city is still lacking, making
London the ideal case study for analysis of the potential
success of micro-EVs.

2.2.2 Shanghai

Shanghai began as a small fishing village, but the con-
struction of the port increased trade, rapidly multiplying
the population of the area. To accommodate Shanghai’s
major growth, the city’s roads were increased by over
40% [9]. The number of privately-owned cars jumped to
over one million by 2000, and forecasts predicted that by
2020, Shanghai will have a vehicle fleet of over 2.5 mil-
lion private cars, with daily vehicle trips doubling to over
7 million [42]. This development will have costly impli-
cations for the wider environment and society.

Firstly, Shanghai’s car growth has resulted in a sub-
stantial increase in nationwide CO, emissions. For
China, where pollution is already costing £1.5 million in
annual external costs [39], finding a sustainable trans-
portation solution is of high priority. Furthermore, the
country is already facing conflict between the growth in
automotive ownership and issues related to national en-
ergy security [16]. Yet in 2009, the Chinese vehicle mar-
ket overtook the US’ to become the largest in the world
(ibid). Recently, the government attempted to tackle
these issues by promoting behavioural change initiatives;
for example, supporting the popular taxi company Didi,
to increase orders to rates of 5.5 million per day, helped
to reduce overall daily emissions by 40 metric metres by
decreasing the total number of cars in the city [52].
However, proportionally to the population size, this has
not reduced car ownership enough.

China then turned towards the green pathway;
expanding the EV market became a promising national
development strategy, one which would enable China to
solve sustainable transportation issues whilst simultan-
eously placing it at the forefront of the global automo-
tive industry (ibid). Currently, the development of EV-
based companies and the active promotion of their tech-
nology is expanding. Both central and local governments
have also increased EV subsidies [33]. This has boosted
internal sales, with growth rates surpassing previous esti-
mates. Indeed, the adoption of EVs in Shanghai ranks
amongst the most promising of the world (ibid). This
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electrical revolution includes the majority of the city’s
fleet; buses, public service vehicles and taxis have all
been replaced by EV models. Private ownership is also
higher than in many other cities, and Shanghai boasts
the world’s largest EV car-sharing program, with over
30,000 vehicles in operation [14]. Furthermore, China
has become the world’s largest micro-mobility market
(Yang, Goldmann & Lagercrantz, 2018). In Shanghai
there are over 10 million shared mobility customers and
1.5 million shared bikes and the government is increas-
ingly considering these small-scale technologies as im-
portant future urban solutions [48].

Despite pushing the EV and micro-mobility agendas,
there is again little literature which outlines the current
status of micro-EVs within the city. Similarly to London,
this makes Shanghai an optimal candidate to explore the
potential for micro-EVs success.

2.3 Micro-EVs

To better understand the possibility of market success of
micro-EVs, it is crucial to first outline and discuss current
trends for its two ‘parent’ innovations within the transport
system, EVs and micro-mobility, which are both succeed-
ing despite the aforementioned phenomena.

EVs are currently four times more energy efficient
than Internal Combustion Engine Vehicles (ICEVs) and
represent an important technological option for decar-
bonisation in transport [7, 23]. In addition to offering a
solution to numerous challenges inherently linked to
ICEVs [5], EVs also mitigate issues related to local air
pollution, climate change, noise pollution, oil depend-
ency and energy security concerns. EVs might be more
environmentally-friendly, but critics point to the possi-
bility that shifts towards this technology might increase
car usage and ownership, therefore augmenting the se-
verity of congestion and spatial problems [20]. Interest-
ingly, EV models vary by size, with smaller vehicles
utilising reduced batteries. These smaller batteries have
many benefits: i) increased efficiency, i.e. higher fuel-to-
output ratios, ii) reduced costs, and iii) lesser eco-
impacts [3]. This direct relationship between model size
and emissions supports an imperative to develop
smaller-scale technologies within transport [23], war-
ranting a transition towards technologies known collect-
ively as micro-mobility.

Micro-mobility refers to any personal vehicle that can
carry one or two passengers and which is generally pow-
ered by batteries, including bicycles, scooters, hover-
boards and micro-EVs [50]. The benefits of micro-
mobility are also linked to their decreased size, and they
therefore tackle a variety of transport issues, such as
parking and congestion. Micro-mobility technologies are
environmentally-friendly solutions that remain socially
inclusive and tackle issues such as the first and last mile
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problem owing partly to their small size and consumer
personalisation. Estimates of the potential of micro-
mobility technologies conclude that by 2028, there will
be a market worth over US$41 billion (ibid). Further-
more, micro-mobility solutions are much less expensive
when compared to all other transport options. Whilst
the reduced size of micro-mobility technology comes
with many benefits, the main consumer disadvantage
is its limited power and consequent inability to travel
longer distances compared to ICEVs [6]. However,
current research and development into these tech-
nologies is increasingly aiming to close this gap. In-
deed, one micro-mobility technology that maintains
the possibility for travelling a comparatively far dis-
tance is the micro-EV.

Micro-EVs are a subset of both EVs and micro-
mobility: an innovation that aims to tackle current and
future urbanisation problems. The technology consists
of a small electric car with one or two seats, which oper-
ates utilising a similar, yet smaller, battery system, when
compared to its larger parent vehicle [38]. Micro-EVs
also have a more compact size as the majority of them
are built from carbon fibre with bio-composite bodies
(ibid). Thus, they are smaller and lighter than their
standard counterparts, and are described as ‘ideal for city
driving’ [25]. Furthermore, their small size means that
less resources are needed to build the battery and that
the impact of end-of-life disposal is almost negligible
(ibid). Moreover, the reduced size of micro-EVs limits
their top speed, making them less dangerous than other
road vehicles and exempting them from certain crash-
testing requirements. In some countries, such as China,
no license or insurance is required for operation,
highlighting their ease of use and convenience [51].

Micro-EVs can be summarised as electric transport
technologies that have the following characteristics [24]:
(1) a small size to occupy minimum road and parking
space, (2) high manoeuvrability, (3) minimum pollution,
(4) ease of operation, and (5) low initial and running
costs. This enables the technology to have the potential
to tackle or minimise the same transport issues as both
larger EVs and micro-mobility technologies combined,
as well as possibly going further to mitigate other prob-
lems such as end-of-life disposal complications. Further-
more, predictions suggest that their suitability might
even extend into societal norms: new generations prefer
fit-for-purpose mobility solutions, and the micro-EV
could align with these preferences [44]. Micro-EVs could
also act as the missing affordable compromise between
e-bikes and EVs; the price of a micro-EV remains far
below that of other EV types and, despite being costlier
on average than a bicycle, some model prices remain rela-
tively competitive [51]. A summary of the benefits of
micro-EVs can be found in Table 1 below.
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By 2026, analysts envisage that the micro-EV market
could reach over $33 billion [22]. Zion Market Research
[54] states that the largest micro-EV markets are cur-
rently Europe and North America, but that micro-EVs
could have the capacity to fill market gaps everywhere —
including in developing countries. In the foreseeable fu-
ture, Asia Pacific is expected to emerge as the fastest
growing regional segment for micro-EVs with China as
the primary investor.

Due to their novelty, the exact positioning of the
micro-EV within transport remains uncertain. It is
hoped that as the technology develops, further iterations
of the index might be tweaked to address their specific
role more precisely.

2.4 Composite indicators

As mentioned, scarce literature explains the current
micro-EV context, suggesting that the dissemination of
this technology still remains relatively stagnant. In
addition, few studies attempt to forecast their future glo-
bal potential, despite experts highlighting micro-EVs as
a technology with many benefits. There is a degree of
risk involved in the promotion of innovations, with
many promising novelties failing to succeed. This is
principally due to inherent difficulties throughout the
innovation process, particularly between the research
output and technology success phases.

To reduce the risk of market failure, firms and govern-
ments must have a way of assessing the potential for
market success of the innovation. When talking about
this ‘innovation market success’, it is crucial to consider
various dimensions: consumer and company require-
ments, diffusion, implementation, commercialisation and
economic viability and stability [41]. These variables are
known as wider framework conditions (WFCs) [2].
WECs define and determine the flows of knowledge,
people and resources, enable the necessary interactions
and therefore shape the conditions for business’

Table 1 Summarised micro-EV benefits

Micro-EV Characteristics Benefits

Electric battery Minimum pollution,

Low running costs

Small size Low initial costs,

Occupy minimum road and
parking space,

Less resources needed to build
the battery,

Smaller end-of-life disposal impact,

Fit-for-purpose solution

High manoeuvrability Ease of operation,

More suited to city driving

Limited top speed Reduced danger when driving

Driver's licenses/insurance not Ease of use and convenience

needed in certain countries
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knowledge transformation and exploitation. By consider-
ing the WECs and their interactions, this research aims
to go beyond disciplines such as Engineering, Planning,
Economics and Psychology which prevail in transport
studies [20], drawing additional insights from Business,
Innovation, Political Science and Sociology. This under-
scores the broad scope of this study: it is difficult to pin-
point a universal algorithm for quantification of
innovation market success, and there is no absolute list
of relevant WFCs for under-researched technologies
such as micro-EVs.

Composite indicators (Cls), or indexes, are commonly-
used tools to quantify country or city performance in
areas such as sustainable development, globalisation and
innovation, as they enable the user to consider elusive is-
sues in wide-ranging fields [31, 41].identify four key rea-
sons which highlight the usefulness of such indexes:

1. They allow for the synthesis of large data masses

2. They show the current position in relation to
desirable states

3. They highlight progress towards intended goals and
objectives

4. They effectively communicate current status to
stakeholders, showing the areas which have scored
lower and demonstrating where decisions can be
taken that lead towards the targets

Cls are also utilised to express the need to improve
the sustainability of transport systems at both a global
and local level as they can consider all three key pillars
simultaneously: the economic, the environmental and
the social. The combination of these uses thus makes
the index an attractive tool for the purpose of this re-
search, which will seek to construct a CI that can effect-
ively explore the current propensity for market success
of micro-EVs in cities around the globe. Existing re-
search by Roumboutsos et al. [43] considers the complex
relationships between actors, institutions, mechanisms
and market conditions to examine how EVs may be
successfully deployed in cities. The present study will
draw from their methodology in its comparison of
multiple facets of the innovation system for sustain-
able transport technologies, whilst highlighting the
need for research to focus specifically on micro-EV
technologies (ibid). In particular, it is hoped that the
construction of this CI will provide an appropriate
exploration of city propensity for micro-EV market
success that could mainly be helpful for investors, but
could also be relevant for other stakeholders in the
micro-EV or transport sectors. Indeed, this is because
the CI will hope to explore the relationship between
city propensity for market success and the inherent
lock-in of transport systems.
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3 Methodology

Previous studies attempting to predict the market success
of transport innovations have customarily created a base-
line that is consistent with historical transport trends [53].
However, it is important to recognise the degree of uncer-
tainty associated with extrapolating current trends for fu-
ture projections, which relies on the assumption that
patterns will remain consistent moving forward (ibid).
This research will circumvent this assumption by utilising
a different methodology: the construction of a CI with
which it is hoped that micro-EV potential can be ranked
by city, and the development of this then tracked over
time. The index will be constructed following the guide-
lines of the OECD Handbook for Composite Indicators
[37]. It is important to consider that there are a variety of
different CIs, and a variety of ways in which experts
suggest they be constructed. The Handbook (ibid) is pri-
marily concerned with those which compare and rank
country performance in domains such as industrial com-
petitiveness, sustainable development, globalisation and
innovation. As the possible market success of micro-EVs
relies primarily on these same principles, an adaptation of
the Handbook’s methodology (ibid), applied instead to city
performance, seemed most suitable for the construction
of the CI. In addition, the research will analyse various
existing indices which quantify different aspects of
innovation, market success, and transport. Appropriate
models with comparable aims will seek to provide estab-
lished, credible frameworks from which to base our own
research. Although each index aims to quantify a slightly
different concept, there are various subcategories that
overlap under central themes. Quantification of some of
the values for our proposed index will be developed from
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these existing indices (e.g. Domestic market scale), and this
process will be outlined and justified in Data Selection. Fi-
nally, the index’s reliability and accuracy will be tested
using two case study cities: London and Shanghai. The
evidence for the status of micro-EV technologies in both
cities is still lacking, making them the ideal case studies
for analysis of the potential market success of micro-EVs.

3.1 Our index

It is important to consider the degree of subjectivity in
justifying the effectiveness of a CI, particularly in relation
to emerging policy areas such as sustainable develop-
ment, as analysis is often based on ‘fit-for-purpose’ inter-
pretations and peer acceptance (ibid). Transparency is
imperative for subjectivity not to influence the overall
credibility and clarity of the index. The proposed CI will
be built following the steps presented in Fig. 1 to avoid
data manipulation and misrepresentation.

3.1.1 Theoretical framework

This provides the core for the selection and combination
of distinct indicators into one meaningful CI, and is gen-
erally constructed on a ‘fit-for-purpose’ basis, i.e.
through the involvement of experts and stakeholders.
This study utilises only secondary resources, specifically
through the instruction of the OECD Handbook [37], in
conjunction with the analysis of existing, peer-approved
indexes, to build this ‘fit-for-purpose’ framework. The
primary benefit of utilising secondary sources is that it
enables the framework and data points to be rapidly up-
dated and thus maximises the index’s potential benefit
for investors and other relevant stakeholders.

Fig. 1 Methodology steps (author's work)
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Firstly, we defined the concept and distinguished the
underlying motivations: Our research aims to quantify
the current propensity for market success of micro-EV
technologies in cities.

The EEA [18] has highlighted ‘traditional’ EVs as a key
sustainable technology, particularly due to their low car-
bon emissions, and as discussed in the Background,
micro-EVs have even smaller eco-impacts than their lar-
ger counterparts. Combined with their novelty, micro-
EVs can therefore be perceived as ‘sustainable innova-
tions’. Thus, the framework of our research will consider
“sustainable innovations” — “processes where sustainabil-
ity considerations (environmental, social, financial) are
integrated into systems from idea generation through re-
search and development and commercialisation.” [8].
Alongside this, the creation of this index will be framed
by considering wider aspects of EV and road transport
which are deemed relevant to micro-EV technology, as
per the review of the technology in the Background sec-
tion. For all selected relevant variables, “success” will be
measured based on the current real-world maximum for
market, economic, legal and organisational variables in
aspects of technology diffusion, wide-scale implementa-
tion, commercialisation, company and consumer re-
quirements and wider economic frameworks [36].

3.1.2 Data selection

This step is crucial to maximise the accuracy of the index
as it involves choosing the relevant variables that will be
measured. According to Joumard & Gudmundsson [27],
the data selection should adhere to the following 10 cri-
teria: validity, reliability, sensitivity, measurability, data
availability, ethical concerns, transparency, interpretability,
target relevance and actionability. Indexes from other dis-
ciplines exist which follow these criteria and are well-
recognised in their various fields of study. Three of these
have provided our research with a useful basis for the cre-
ation of our new index:

1. The Global Innovation Index (GII) outlines
necessary criteria for a city’s best chance of
innovation market success, providing insight into
crucial aspects needed for effective diffusion,
implementation and commercialisation [17].

2. The Global Cleantech Innovation Index (GCII)
proposes necessary criteria for the market success
of a cleantech innovation company, including
aspects likely to encourage end-user uptake [46].

3. The Market Potential Index (MPI) provides
necessary criteria to measure optimum market
potential and economic stability [32].

To help focus the scope of our research, only the most
pertinent categories were discussed from each index. The
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variables utilised in this study were then chosen based on
this review of existing indexes, as well as on expert elicit-
ation and the literature and background review, modifying
the information to fit the micro-EV context. Combining
the GII, GCII and MPI thus enables construction of a
comprehensive index that measures innovation diffusion,
implementation, commercialisation, consumer and manu-
facturer requirements and economic viability and stability,
producing an overall analytical framework of ‘city propen-
sity for micro-EV market success’.

The second step of Data Selection entailed identifying
suitable ways to measure each selected variable [37]. Fol-
lowing the literature review, composite measures were
selected where possible for their peer-approved method-
ologies, and thus, eight of the 16 subcategories are com-
posite measures which have been appropriated from
existing indexes. The remaining eight subcategories were
self-constructed using the Handbook’s guidelines. This
produced a final listing of subcategories and associated
quantification methods (presented in Table 2).

3.1.3 Imputation of missing data

Where possible, our research quantifies variables using
city-specific measures to enhance accuracy. However,
this was not feasible for Domestic Market Scale and
R&ED. In the cases were this data could not be obtained
or calculated, country-specific measures were used as a
viable ‘closest possible data’ alternative [37]. Categories
such as Country Risk, Political Risk, and Rule of Law are
subcategories that required country-specific measures.
Savings from Electricity is assumed to remain consistent
throughout the country.

3.1.4 Normalisation

This phase is key to render the different variables com-
parable. According to Luzzati & Gucciardi [29], one of
the most utilised normalisation methods for indexes is
the min-max method. This linearly rescales the data by
assigning 0 to the worst value and 1 to the best, giving
the normalised result, denoted by 4, as a value between
0 and 1 inclusive. The original data point is x7 for any
indicator g and city ¢, and the max(x?) and min (x7) are
the real-world maximum and minimum values respect-
ively for the indicator g across cities. This method en-
abled us to assign the maximum as our definition for
‘success’ within each subcategory. The process follows
this equation:

x7— min(x7)

1=

(1)

max (x7)— min(x9)

Since only indicators with the same direction can be
aggregated to the overall index (i.e. all positive contribu-
tions), any indicator g for city ¢ having a negative
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Table 2 Final index categories (author’s work)
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Category Origin Measurement Method

Regulatory quality? Gll “Doing Business 2018" - city ranking
Rule of Law® Gll “Gll" = country-assigned specific scores
Education Gll Literacy rate of the city

Research & Development (R&D)? Gll “GlI" = country-assigned specific scores

EV charging ports

Savings from Gasoline over Electricity

Investment®
Domestic Market Scale®
Price

Green policies

GlI/MPI (tweaked)

GII/GCII (tweaked)

GlIi/GCll
Gll

GClII (tweaked)
GClI (tweaked)

Existing number of piles (both standard and
quick-charging) measured per capita of the city

Measured as the monetary savings (£) obtained
from travelling 100 km in an EV over a gasoline-

powered vehicle — country ranking

“Global Cities Investment Monitor 2018" — city ranking

“GlI" = country-assigned specific scores

Price of most sold EV type in £ — by city

Subsidies on EVs as % of vehicle price

% of population who hold licenses - by city

Registered license plates per capita — by city

Yearly increase in GDP per capita of the city

Licenses MPI (tweaked)
Ease of license availability MPI (tweaked)
GDP growth rate MPI

Business risk® MPI

Country risk® MPI

Political risk® MPI/GII

“Lloyd’s City Risk Index" — city ranking
“Eulier Hermes Country Risk Ranking” — country ranking

"Political Risk Index" — country-assigned specific scores

%indicates a composite variable that has been quantified within a previous index

direction was transformed by assigning the best (worst)
performer the value of the worst (best) one, i.e., utilising
the following rule:

27 = max(x?) + min(x?)-x7 (2)

It is important to note that this quantification of ‘suc-
cess’ is a snapshot of each indicator at the given moment
in time where the index is constructed. As such, it is rec-
ommended that the index be recalculated on a yearly
basis in order to account for changes.

3.1.5 Weighting and aggregation

Weighting defines the relationship between the subcat-
egory and the CI and must therefore align with the
underlying theoretical framework and the data proper-
ties. The variables can be considered: (a) independently
and equally — called Equal Weighting (EW); (b) as hav-
ing differing levels of importance to the CI, to be deter-
mined by either experts or the general public; (c) as part
of overarching categories that group correlated indica-
tors which describe similar dimensions [37]. This re-
search utilises all three weighting methods. The EW
methodology assigned each variable a weighting of 1.
The 2nd weighting methodology utilised a ranking sys-
tem where the subcategories were ranked in perceived
order of importance as per CI literature (ibid), then sub-
divided into groups of 4 and given equal weightings by
group. The ‘most direct consumer impact’ subcategories

were weighted the most (4/5), and each of the following
3 groups were weighted slightly less than the one dir-
ectly preceding it (from 3/5 to 1/5 as per their ranked
importance considering direct impact on consumer then
company, then considering indirect impacts). The final
weighting methodology grouped ‘correlated’ indicators
into the overarching categories; each overarching cat-
egory was assigned a weight of 1 to be equally divided
amongst their respective subcategories. For more infor-
mation on all three weightings please refer to the study
conducted by Danieles, Rotaris & Monte [11].

3.1.6 Uncertainty and sensitivity analysis

This entails testing the robustness of the index and the
accuracy of results, and consists of re-analysing previous
steps [37]. In this study, it was determined that the three
weighting methods were necessary for maximum robust-
ness. This multi-modelling approach provides us with al-
ternative conceptual scenarios to better understand the
relationship between the individual subcategories and
their aggregated result and also avoids the oversimplifi-
cation of the message to the reader (ibid).

3.1.7 Visualisation of the results

Generally, visualisation entails identifying the most suit-
able tools for communicating the results to the wider
public. This research utilised JavaScript to transform the
results into a simplified and accessible format (Fig. 2).
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4 Results

This research followed the ‘philosophical’ index con-
struction approach formulated by Luzzati & Gucciardi
[29]: the CI was not used to obtain one single result,
but rather, to generate three different rankings based
on various weightings. Our normalised index there-
fore enables us to compare, both temporally and
spatially, a city’s propensity for micro-EV market suc-
cess. The results will now be individually discussed
followed by an analysis of overall extrapolated
patterns.

4.1 Result for equal weighting

The overall score for the first weighting methodology for
Shanghai was 0.587 and for London was 0.570. Figure 2
shows the individual results of weighting each category
equally for both cities, highlighting the better performer.
This weighting methodology causes subcategory outliers
of the index, such as those Price, to have a higher overall
impact on results. Indeed, Allman [2] observes that vari-
ations in the strengths or weaknesses of WFCs will
strongly affect innovation performance. However, in this
first result, Shanghai and London scored similarly des-
pite performing very differently throughout the WEFCs.
Both cities appear to have almost the same propensity
for micro-EV uptake, which, given the differences in
their separate subcategory results, is unlikely. Thus, the
result from the equal weightings method is disadvanta-
geous as it does not allow us to accurately assess the
relationship between the index and individual
subcategories.

(2020) 12:42
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4.2 Result for ranking weighting

The second set of results returns a relatively constant result
for Shanghai, which scored 0.586, whilst a significant drop
is observed for London, with a score of 0.474; Shanghai
now leads by an 11% margin. The results were obtained
from the ranking methodology which split the 16 categories
into sets of four equally weighted categories, categorised
from heaviest to lowest weighting below (Fig. 3).

The difference in the results becomes clear once the
first eight categories are observed, as Shanghai surpasses
London six times. The most significant difference is seen
in the Price category. This is because the most popular
micro-EV brand throughout Europe is the Microlino,
the most expensive micro-EV on the market [38]. Utilis-
ing the min-max normalisation method means that
London is thus assigned a score of 0 in this category. On
the other hand, the Chinese market has micro-EV
brands which can be obtained at almost 1/10th of the
Microlino’s price. These can be purchased through Ali-
baba, the Chinese website, and delivered directly to your
doorstep [1]. It must be noted that we assume quality of
different micro-EV brands to be relatively constant. The
other major difference is observed in EV charging points.
This was quantified as a per capita measure, and indi-
cates that despite governmental efforts, the infrastruc-
ture is not significantly widespread relative to London’s
size. Conversely, many EV capitals in China, such as
Shanghai, mandate a certain fraction of the city’s parking
spots be equipped with charging points [21], improving
per capita charging capacity.

Clearly, Shanghai performs better in aspects that dir-
ectly impact the two major stakeholders: consumers and

Fig. 2 Equal Weighting: all subcategories (author's work)
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