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OBefore we can even ask how things might go wrong, we must first

explain how they could ever go righB®. A. Hayek



Abstract

The thesis seeks to analyse the electric bicycle (e-bike) tranpiienomenon in
China by applying the Multi-Level Perspective (MLP) Transition Theory and
Multi-scalar PerspectivBILP. The research is performed with abductive case studies
drawn from mixed methods. Firstly, we synthesised secondary data to invetstegate
e-bike transition at the national level (China) and the city level (Oonsis&studies of
Beijing and Fuzhou) to explore the research questions of 1) Can socio-technical
transition occur without deliberate policy support (RQ1)? 2) How can we explain the
rapid emergence and enduring popularity of e-bikes in China (RDR¢n we
performed exploratory research in Cardiff, UK and Nanjing, China using
semistructured interviews. The interview results are used to help design survey
guestionnaire in Nanjing case study. It is the key research step and esitiess
following research questiond) How are e-bikes embedded in the current transport
regime (RQ3)? 2) How much longer can e-bikes continue to be embedded in the
transport regime (RQ4)? 3) What are the mechanisms underlying the rapid emergence
of e-bikes (RQ5) To analyse the data collected from the survey, Generalised Linear
Models and Binomial Generalised Linear Models are adopted to investigataetcurre
mode choice behaviour and predict future choice.

In the theoretical aspect, the thesis applied the Multi-scalar PevepeitP, filling

the gap that traditional MP does not take into account geographical, socio-political
heterogeneity. In addition, we paid attention to the individual role in travelem
behaviour. From a practical perspective, the thesis uses substantiat&nagaita to
provide a comprehensive understanding of the e-bike transifennvited various
groups in the survey, including e-bike users, bicycle users, car drivers, pedestrians and
traffic police. The thesis explores a wide range of influencing factaoc, as user
anxiety, feelings related to e-bike adoption, e-bike user charging behaviour, other
travel mode users and traffic police attitude towards e-bike developmestt thdave

not been studied in previous e-bike literatures.

The main findings are: 1) The fast emergence of e-bikes in China is spmrgane
without direct policy support from governments; 2) E-bike transition in China begins
with transformation pathway (P1), followed by akgnment and re-alignment
pathway (P2)3) E-bike users in China are mainly young career-aged commuters and
have a much higher education level than average, which are different from other
countries; 4) E-bikes are well embedded in the current transport regime aradehey
adopted widely in many aspects of peopleOs daily lives, including commuting, going
shopping, and collecting childre®) The underlying reasons for the selection of
e-bikes are they provide affordable personal mobility due to the advantagesrof eff
saving, flexible trip times, time saving in traffic jams, and high ssibdity, whereas
environmental and health factors are negligib® E-bikes are possibly an
intermediate mode on NanjingOs motorisation pathway.
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Chapter 1

Introduction

1.1 Electric bicycles in China

With its fast development and growing population, China is confronted by a severe
energy crisis and environment pollution, and these negative effects wipralgagate

to other countries due to ChinaQOs role in global economics. Hence, it would & a gre
contribution to the global sustainability if China could achieve sust&nab
development. To reach this goal, a sustainable form of transport is dgpecial
important, for the reason that the traffic sector is central to the aotihg industry

and closely related to peopleOs social practices. Traditional methodsbitifym
depend on fuel to a great extent, which leads to a large consumption of eneigly and

hazardous to the environment.

A promising alternative to fuel-based transport is the electric bicycle&kéd;hvhich

has developed rapidly in China in recent years and exhibited huge potential for its
energy-saving and environmentally friendly features. However, e-bikes have not
drawn sufficient attention from academics and the government as they déseve
urgent to understand why and how the e-bike industry has developed in China in order

to further boost its development.

1.2 Research approach and research questions

This research follows an abductive case study approach to explore the e-bike

transition process in different dimensions. The Multi-Level Perspective (khe®yy



serves as a framework for analysing the socio-technical transition ofsHbikdina.
In addition, Multi-scalar approach is used as a specific tool to explore-khilee
transition process in the context of China with a complex geographic andgbolitic

structure. This research is guided by five main research questions (RQ):

RQ1. Can socio-technical transition occur without deliberate policy support?

A number of previous transition studies claimed that direct policy suppasénial

in promoting, nurturing and accelerating sustainable technologies, sustainable
production systems, and sustainable consumption (Geels and Schot, 200°&t @iith
2010; Foxoret al, 2010). However, from the e-bike literature, the e-bike emergence
in China seems to occur largely without state support, which is rather wifferthe
majority of the existing transition studies. Therefore, this researchpiemaddress

the question of whether socio-technical transition can occur without dediljeykdy

support by using e-bike transition in China as an example.

RQ2. How can we explain the rapid emergence and enduring popularity of electric

bicycles in China?

RQ2 is intended to provide an insight to the e-bike transition process. Thedransit
theory is used for analysis because it is an ideal theoretical to@xfdaining
socio-technical transition. Especially, we adopted the transition pathwagvitark

by tracking the e-bike transition process with historical analysis. In this,séasms

to understand how e-bikes are developed from the niches level, the role policy playe
on e-bike transition, which transition pathways e-bikes followed, when e-$i#atsd

to develop rapidly, and how e-bike coped with the landscape change and regime

re-construction.

RQ3. How are e-bikes embedded in the current transport regime?



In the existing transition study literature, there are few discussions on how
incremental innovations are embedded in the current regime and how they interact
with other sectors on a regime level. In our case, RQ3 is intended to explore how
e-bikes are embedded in the current regime, and how e-bikes re-align with other
regime sectors. Specifically, we need to know: 1) How e-bikes co-exishtamdct

with other transport modes, such as private cars, bicycles, buses, the meaxisand

on a regime level; 2) How e-bikes re-align with the movement of the seven
components in the regime, including industry, policy, science, culture, technology,
market, and user practice. In order to answer these question, e-bike users, non-e-bike
users and traffic police are sureely investigating the attitudes towards e-bike
transition, the positive and negative impact of e-bike development on the transport
regime, and how e-bikes users interact with other e-bike users, non-e-bike users, and

traffic police.

RQ4. How much longer can e-bikes continue to be embedded in the transport regime?

The future development of e-bikes faces two challenges: 1) the compeiitioother

travel modes; 2) the possibility of e-bike ban policies in a large numbériedf. ¢&Ve

need to know how e-bikes can find a way to survive in the future transport regime, or
which alternative transport modes will otherwise replace e-bikes. Sjyadigifiwe

focus on the following questions: 1) What factors influence the future cobebike

use? 2) What alternative travel modes will be available and whatganfluence the
corresponding choices? 3) Are e-bikes a future sustainable mobility or only an

intermediate mode to cars?

To answer these research questions, e-bike users are asked which alteamesipoet

mode they would choose in the absence of e-bikes, under which conditions would
they stop using them, how much longer they intend to keep using e-bikes, and
suggestions on future e-bike development in terms of technology, infrastructure,

business models, and policy.



RQ5. What are the mechanisms underlying the rapid emergence of e-bikes?

In the absence of direct policy support, individual behaviours play a crucial role in
determining or altering transport mode. It is unclear why users select e-lukes f
variety of transport modes, how e-bikes fit into their life settings, and to extent
e-bikes satisfy their personal mobility needs. The answers of theseoqgaesti
constitute the mechanisms underlying the rapid emergence of e-bikes. However, the
individual behaviours are neglected by traditional transition theory in transportsstudie
and therefore our thesis seeks to fill this gap. In doing so, e-bike users Wede as
who they are (demographic information), where they are from (previously used mode),
the trip purpose for using e-bikes, the reasons for selecting e-bikes, their favourite
e-bike types, where they charge e-bike batteries, the feelings associftexthike

adoption, the use anxiety when using e-bikes, and the drawbacks of e-bikes.

1.3 Research Scope

This research use& mixed method approach by combining qualitative and
guantitative methods. The data collection methods included secondary data,

semistructured interviews, and survey questionnaires.

To answer RQ1 and RQ2, the case studies of China (national level) and Beging a
Fuzhou (at city level) were performed, based on the secondary data. The secondary
data includeda wide range of sources from previously published research, such as
statistics data from government-published year books, publicly available policy
documents, published journal papers, conference papers, published books, social

media, e-bike user forum, and online sources.

To address RQ3, RQ4, and RQ5, we performed Exploratory Research in Cardiff, UK

4



and Nanjing, China and more importantly, conducted surveys in Nanjing. The
Exploratory Research adopted semi-structured interviews and the interview results
were used to shape the questionnaire design of the survey in Nanjing. The
semistructured interviewees were e-bike users, non-e-bike users and e-bike retailers.
The survey questionnaire participants were e-bike users, bicycle users, car, drivers
pedestrians, and traffic police. The collected data from the survey naysed using

statistics models.

1.4 Thesis structure

Chapter 1 (Introduction) introduces the research questions and gives a brief

introduction to the research approach employed in this work.

Chapter 2 (Literature review of transition theory) introduces four socio-technical
transition theory strands, including Transition Management, Strategic Niche
Management, Technological Innovation Systems, and the Multi-Level Perspective
(MLP). Then, the reason why the MLP is chosen as the theoretical bhsestddy is
justified and the concept of the MLP is discussed in detail. Aftgr the literature of
transition pathways and the MLP in transport study is reviewed. We idemtifynain
research gaps in the MLP theory: 1) the MLP lacks a capability of coingjdée
system with complicated geographical and socio-political structures; 2\MLhe
applied iro the sustainable mobility transition field only focuses on the institutiona
and organisational transition and interactions, ignoring the effect of individdal a
institutional-individual behaviour. The first problem can be solved by applying the
Multi-scalar MLP to e-bike transition in China. To fill the second re$egap, we
reviewed the literature on individual behaviour and incorporated the corresponding

guestionsn the survey to investigate the travel mode choices.

Chapter 3 (Literature review of e-bike research)reviews the previous literature



studying electric bicycles.

The e-bike literature in social science is limited compared usthreisearch in the
engineering area. We compared the literature of e-bike research in China and that
other countries, identifying the distinct properties of e-bike development and the

characteristics of e-bike users in China.

The existing e-bike literature has several limitations: 1) Most of iweg
guestionnaire studies demonstrate self-selection bias; 2) Informationitedliabout
the interaction between e-bike users and other vehicle users; 3) The e4uaike us

charging behaviour is not clear; 4) Transition theory were not applied.

Chapter 4 (Research design)describes a research design based on a single
embedded case study that was built on a mixed methods approach informed by the

MLP and Multi-scalar MLP perspectives.

We firstly explain and justify why we choose critical realism as outopbphy

standpoint, and explore the relationship between critical realism aimLtPe

Secondly, we explain that the design of the research is an abductive esifigidded
case study. The rationale for selecting a mixed method approach is afsevévi
detailed research plan is provided and the research data collection methods va

according to different research questions.

Then we explain and justify the rationale for three data collectiohadst secondary

data, semi-structured interviews, and survey questionnaires. The detailed sample
selection method, question design and data analysis methods are provided. In addition,
the quality criteria of this research design, and also the ethical cagds of the

research design, are given.



Chapter 5 (An overview of e-bike industry and transition in China)describes the
main e-bike industry regions, the policy structure of China, the current e-bike olicie
issued in the different cities and areas of China. More importantlyplaies the

e-bike transition process in China using transition themanswers RQ1 and RQ2.

We analysed the reasons for the formation of current e-bike industry cluster region
distribution. To explain how the e-bike policy is made and excised, the policy
structure of China is introduced. According to the heterogeneous spatial dimension
and hierarcttal political structure of China, it is divided into three scalars or levels

from the Multi-scalar perspective.

The Multi-scalar MLP is applied in an institutional setting with fpecific case of
China. Then, it is used to explore the transition pathways occurring in macro-level
(the entire China) and micro-level (Beijing city and Fuzhou city) based on secondary

data.

Chapter 6 (A case study of electric bicycles in Nanjing: sustainabliansport
consumption behaviour and socigechnical transition part 1) studies the results of
survey questionnaires conducted in Nanjing City, including the demographics of
e-bike users, e-bike mode choice behaviours, attitudes to e-bike adoption,
consumption behaviours, battery use patterns, and interaction with non-e-bike users.

The analysis of the survey results answers RQ3 and RQ5.

Chapter 7 (A case study of electric bicycles in Nanjing: sustainabliansport
consumption behaviour and socio-technical transition part 2)investigates the
future mode choice behaviour of e-bike users. The Generalised Linear Model (GLM)
and Binomial GLM are applied to study the future model choice behaviour of e-bike

users.

Firstly, we use the model to identify the factors influencing e-bike chofecondly,
;



supposing that arDebike ban policyO is issued, we identify the most feasible
alternative modes (buses, the metro, private cars, walking and bicycles), and
investigate the factors leading to these choices. The analysis iohdgpter answers

RQ4.

Chapter 8 (Conclusion)summarises the thesis and suggests future work.



Chapter 2

Literature Review of Transition Theory

2.1 Introduction

This chapter provides the theory base of the present thesis. In social-technology
transition theory, there are four main strands: the Transition Management, the
Strategic Niche Management, the Technological Innovation System, and the
Multi-Level Perspective (MLP). In the four research strands, the Multi-Level
Perspective (MLP) is adopted as the main research theory in the thegdin the
e-bike transition process. The first reason for adopting the MLP is betaxgtains
historical socio-technical change through many theoretical perspectives traher
only as a policy instrument. The MLPB comprised of a wide range of perspectives,
such as policy, culture, user practice, market, technology, industry, and sciente, whic
allows a discussion of the e-bike transition from a large variety of rdiimes.
Secondly, the MLP offers a flexible framework to understand the permeation of
socio-technical change across time and space, which is crucial in undiergtthe
success of technological innovations in historical and spatial terms.isThiesely
related to the research question of the thesis, that is, how e-bike dciniprd
development in China during the last decades (RQZ2). Thirdly, the typology from
Geels and Schot (2007) provides a framework in which there are six potential
transition pathways to analyse the transition process, offering a more tddbora
guidance to explore the e-bike transition process. Fourthly, the MLP does not only
focus on any specific level, but also emphasises the interactions aneolagdscape
level, regime level, and niche level, and thus can better explain the prbaess t

radical innovation enters regime level; for example, the exponential development of



e-bikes from 0.054 million in 1998 to 35 million in 2014 (Ruetnal, 2014; Tian,

2015). Last but not the least, the MLP has been successfully appligdldoeethe
socio-technical transition of various travel modes, such as steam shigianans
process (Geels, 2002), the co-evolution of waste and electricity regimédse in t
Netherlands (Raven, 2007), and the emergence of car regime (Geels and Kemp, 2012).
These successfully applied case studies gave us more confidences &aed furt

guidance to use MLP to study the e-bike transition process.

The chapter is organised as follows. Firstly, an overview of the four strdnds o
socio-technology transition theories is givenSection 2.2. Then the Multi-Level
Perspective (MLP) is detailed because it serves as the maimcreseeory in the
thesis. Followed is the section introducing six transition pathways withe som
illustrative examples. After that, thdLP in transport study is reviewed in Section 2.5.
Section 2.6 discussed the limitations of MeP, in which the Multi-scalar MLP is
introduced as an extension of the traditional MLP to explain the trangitomess
occurringin a heterogeneous geographical and socio-political system. The role of
individual behaviour is also stressed in this section. Section 2.7 furtheisskst
individual choice in the context of travel behaviour, which is followed by the

conclusion of the chapter.

2.2 Review of socidechnology transition theory

Socio-technical transition is a set of transition proegssivolving different
dimensions such as technology, institution, culture, economy, and policy (Kemp,
1994; Schot and Rip, 1996; Geels, 2006). There are four main research strands of
socio-technology transition studies, including the Strategic Niche Management
(SNM), the Technological Innovation System (TIS), the Transition Management
(TM), and the Multi-Level Perspective (MLP). See Figure 2.1. We willlyingview

the origin of the four strands, and then give an introduction to each strand.
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These four research strands are derived from the concepts of OregimeOha@ Onic
(Figure 2.1). On the one hand, from the perspective of regime, the Otechnological
regimeOQ concept identified by Nelson and Winter (1977) is the antecedent of
socio-technical transitions. The current regime concept is developed by combaing t
ideas of evolutionary economice.g. technological regime) (Nelson and Winter,
1977; Dosi, 1982) with the history and sociology of technology. It is intertwindd wit
scientific knowledge, social practice, institutional structure and techesld@gijker

et al, 1987; Hughes, 1987; Kengt al, 1998). The key of socio-technical transition

is to understand Ohow to deliberately reorient regimes and manage traritamos t
sustainabilityO (Markardt al, 2012). Some scholars have already published high
quality papers to see&n answer to this question (Schot, 19%thotet al., 1994

Kemp, 1994; Schot and Rip, 199%&emp et al., 1998; Schot, 1999; Geels, 2002;
Geels, 2004; Geels, 2006). On the other hand, OnicheO is another important concept in
socio-technology transition, which was firstly clearly identified by Kexnhal, (1998)

as Oprotected spaces where radical innovations can develop without regemeres
The concept of niche hasvery important role in the socio-technology transition

because it is the place where innovation started (Ho@gmlg 2002).

As one of the research strands in socio-technology transition studies, Stiatdgic
Management (SNM) is developed to support radical innovations, which could trigger
off regime shifts Kemp et al., 1998; Kempet al, 2005; Geelsand Raven, 2006

Smith, 2007). The earlier Strategic Niche Management literature masdyssies

how the early adoption of new technologies could contribute to sustainable
development, but has not contained many policy discussions (8tladf 1994;
Kempet al, 1998). Currently, SNM not only highlights the role of policy in terms of
steering niche innovations, but also concentrates on the role of various nichd-interna
processes such as networking, visioning, and learning processes (Schot and Geels,

2007; Schot aneels,2008).
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Figure 2.1 Map of key contributions and core research strands in the field of
sustainability transition studies.

Technological Innovation Systems (TIS) provide another research strand in
socio-technology transition studies, which is developed by deriving from the concept
of development blocks (Dahmen, 19&hflo et al., 2008), the concept of national
innovation systems (Freeman, 1988elson, 1988), and an innovation systems
approach (Edquist, 1997). At its earlier stage, the main goal ova$$o identify the
functions that make the system perform well (Jacobsson and Bergek, 2004sdacobs
ard Lauber, 2006; Hekkeret al, 2007). Currently, TIS is further developed to
incorporate specific technologies, focusing on radical innovation in the eagly sta
that may change the current regime system (Bergek and JacobssarB@@@ket

al., 2008 Negro and Hekkert, 200&uhlmannet al., 2010 Weber and Rohracher,
2012).

The third research strand is Transition Management (TM), which is devolved by

combining the base concepts with insights from complex system theory (Kauffma
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1995) and governance management (Rotnedias, 2001; Kempet al, 2005;Smith

et al., 2005). The aim of the Transition Management is to provide a feasible,
instrumental, practice-oriented model (especially, for government) to guide and
influence the current transitionswerds sustainable directionK€mp and Loorbach,
2006 Vos et al., 2006 Nill and Kemp, 2009Loorbachet al., 2010). Many studies
have further developed the TM by action research and participation in real policy
contexts, involving multi-stakeholder arenas, new coalitions, and applied in
experimentsNill and Kemp, 2009; Kern and Howlett, 2009; Loorbach and Rotmans,

2010; Bulkeleyetal., 2011).

Lastly, the Multi-Level Perspective (MLF asignificantly important research strand

in socio-technical transition study, which has a series of fruitful outcomgsmore

than 100 papers applying the MLP to study the socio-technical transition @ralth
2010; Berkhouet al, 2010). As the main theory base of the thesis, the details of the

MLP will be discussed in the next section.

2.3 The Multi-Level Perspective transition theory

The Multi-Level Perspective (MLP) is the main theory in the presenistigssed on

the concepts of regime and niche, the MLP is developed from the pioneering work of
Rip and Kemp (1998), van den Ende and Kemp (1999). The MLP is Oa middle-range
theory that conceptualizes overall dynamic patterns in socio-technicaltitras(,
including both multi-dimensionality and structural change (Geels, 2011). The MLP
possesss some advantages compared to other theories: (1) Compatiedthe
Technological Innovation System approach (Heldteal, 2007), the MLP addresses

the structural changes rather than only focusing on cultural and demand dimensions;
for example, how radical innovation interacts with existing systems. (2) The
advantage of MLP over the Strategic Niche Management is that thendLBnly

focus on niche innovations but also the interaction between niche, regime and
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landscape levels. (3) Compared with the Transition Management which mainly
studies the transition governance, the MLP studies the whole transitionr@es
Compared with disruptive innovation (Christensen, 1997) and technological
discontinuity (Anderson and Tushman, 1990), the MLP tolerates wider dimensions
(e.g. culture, and policy) rather than only technology and market dimensions. (5)
Compared with the long-wave theory on the techno-economic paradigm shift
(Freeman and Perez, 1998) which also considers both multi-dimensionality and
structural change, the MLP can be directly applied to, for example, the emergy a
transport systems (Geels, 2005). Furthermore, the MLP goes beyond single
technology studies, such as wind power, bio fuels, and EVs (Geels, 2011). The specia
scope and structure of the MLP makes it widely applicable, particuiartiie study

of sustainable transport socio-technology transition.

Landscape

Patchwork
of regimes

Niches
(novelty)

':

Adapted from: Geels, 2005.
Figure 2.2 Multiple levels as a nested hierarchy.

The MLP is identified as Oa nested hierarchy of structuring process€s@I®yand

Schot (2007), as shown by Figure 2.2. Based on three major conceptual backgrounds
b evolutionary economics, science and technology studies, and neo-institutional
theory B the MLP contains three levels: landscape, regime, and nichend$eajze

is the macro-level, which consists of slow changing, such as geography chatiges a
national policy changes (Geels, 2005). The regime is the meso-level regarding a

stability of existing technological development (Geels, 2004). The niche is the
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micro-level where many radical innovations generated and developed (Geels and
Schot, 2007). Niches are the grassroots of innovations and change (Geels, 2004). It is
noted that the niches are embedded in the regimes, while the regingesimeie
landscape. There are many novelties on the niche level, which attempetahe

regime level in the context of current regimes and landscapes.

, N 4 Socio-technical
N
,' Markets, user ™ , landscape
1 preferences N f

/ / Socio-technical
regime

Social-technical
niches

Adapted from: Geels, 2002.
Figure 2.3 Multi-Level Perspective framework

The MLP has a dynamic pattern which is demonstrated in Figure 2.3, where the
arrows represent the technology development direction. As a nested hierarchy of
structuring processes, the transition occurs in the structure framed by landscape,
regime and niche. The landscape changes slowly with long arrows, exerting pressure
on regime level. Meanwhilayith the regime transferring, landscape is also subject to
the pressure from regime. These two levels are interactive (Geels, 200&)e On
socio-technical regime level, there are seven components which link whhodzer

as a nest, including technology, user practices and application domains (markets),

symbolic meaning of technology, infrastructure, industry structure, policy and
15



techno-scientific knowledge (Geels, 2002). As the meso-level, the regitnsothas
under the pressure from both landscape and niche is forced to respond atsall time
When the pressure from landscape is strong and intensive so that the segimabklé

to adjust itself quickly and properly, a Owindow of opportunityO may occur (Geels,
2002). As a result, the radical innovations on niche level successfully break out
niche level, combined with the incumbent innovations on regime level to induenc
the landscape (Geels, 2002). The small arrows on the niche level represadidhle
innovations. The radical innovations which did not break out of the niche level may
fail and disappear or still develop while waiting for the next window of oppaytuni

The MLP reviews the socio-technology as a non-linear process (Geels, 2005).
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No Title Authors Source title )
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1 Dynamics in socigechnical systems: Typology of changGeels and Kemp [Technology in 79
processes and contrasting catelies (2007) Society
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12[Toward a spatial perspective on sustainability itams (2012) Research Policy 70
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Table 2.1 The twenty most cited papers in the MLP study

In recent years, the MLP has attracted great attention in the reseanchunity.
Table 2.1 lists the twenty most cited papers and orders them withtdlierctimes.
On one hand, some of the papers discussed the theoretical aspects aPthieo
example, the paper by Geels in 2002, which is also the most cited, ifitstiduced
the full theoretical framework of the MLP framework. The second most @aper
further developed the MLP to six transition pathways (Geels and Schot, 2007). Papers
no. 4, no.5 and no. 6 responded to the criticisms of the MLP. On the other hand, some

papers mainly adopted the MLP in empirical studies. For example, no. 7 explered
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socio-technical transition pathway from horse-drawn carriages to automobilds, (Gee
2005). No. 14 and no. 17 examined the electricity systemOs shift towards sestainabl
transition by applying transition pathways (Foxemnal, 2010;Verbong and Geels,
2007).

It is worth noting that Wells and Nieuwenhuis (2012) adopted the MLP to inviestiga
the transition failure, which is ignored by many the MLP researchers whoymainl
concentrate on the existing successful sustainable transition or how to ptbmote
successful sustainable transition. With the case study of the autonmolustry, the
paper by Wells and Nieuwenhuis (2012) has two main contributions: On the
theoretical aspect, the paper filled the gap of understanding how transitsorOfa

the practical aspect, the paper revealed that the transition failtine iautomotive
industry was due to its strong regime stability, and the vehicle manufactures

(dominant economic actors) maintain the regime stability.

The limitations and challenges of the MLP are also discussed in sapees, which

were also highly cited and attracted much attention. The third most [aeelr
discussed current development of the MLP and analysed challenges of the MLP
(Smith et al, 2010). In these challenges, the geographical issues of transition were
discussed intensively, suggesting that the MLP does not explicitly idémtifgpatial
dimension of socio-technical transition (Smegh al, 2010). Lawhon and Murphy
(2012) also highlighted that MLP lacks geography consideration. The lack of
geography sensitives of the MLP may lead to problematic usage, meaning that
socio-technical transition could be shaped in any places such as viltages, tities

and regions (Coeneet al, 2012). In addition, without the consideration of spatial
dimensions it is difficult to analyse the socio-technical transitiovarious contexts

in practice (Hodson and Marive, 2010). To remedy this problem, Catradr(2012)
proposed a multi-scalar approach called Olocal node, global networkO to distinguis
the scalar boundaries that were not clarified in the traditional MLP.eMeny the

multi-scalar approach proposed by Coersnal. (2012) did not address the
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relationship between nations and cities and to what extent they could tieape
socio-technology transition. In the thesis, our study explicitly clarifies thig-stalar
MLP regarding the relationship between different geography scales in the

socio-technical transition study in China.

2.4 Transition pathways

2.4.1 Six transition pathways

Deviating from the transition pathway typology of Smethal, (2005), the MLP is
further developed into six transition pathways (Geels and Schot, 2007). The six
transition pathways describe how regime and niche reformed under different
landscape pressures (Suarez and Oliva, 2005), based on timing and nature of

multi-level interactions:

(1) In terms of the timing of multi-level interactions, Geels and Schot (208im e

that the timing of landscape pressure on regimes is associated witatef niche
developments. If landscape pressure happter radical innovations are fully
developed, the radical innovations have a higher probability of breaking out of niche
level. Otherwise, the transition pathway will become different. Thay jisposed

some indictors to examine whether the radical innovations are fully developed.

(2) Concerning the nature of multilevel interactions, it can be determined by the
following two criteria. The one is that different landscape pressures ditigeent
effects on the regime (Suarez and Oliva, 2005). The other is that niche ionevati
havea competitive relationship with existing regimes (Geels and Schot, 2007). Based
on these criteria, the transition pathways are identified as followsl§@ed Schot,

2007)
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PO. Reproduction procesdf there is no external landscape pressure, then the

regime remains dynamically stable and self-reproducing.

P1.Transformation pathtf there is moderate landscape pressure (Odisruptive
changeO) when niche-innovations haweyet been sufficiently developed,
then regime actors will respond by modifying the direcbbrevelopment

paths and innovation activities.

P2. De-alignment ande-alignment pathif landscape change is divergent,

large and sudden (Oavalanche changeO), then the increasing regime problems
may cause regime actors to lose faith. This leads to de-alignmentoaizhe

of the regime. If niche-innovations are not sufficiently developed, there is no
clear substitute. This creates space for the emergence of muligble ni
innovations that co-exist and compete for attention and resources. Eventually,
one niche-innovation becomes dominant, forming the core for re-alignment

of a new regime.

P3. Technological substitutionlf there exists much landscape pressure
(Ospecific shockO, Oavalanche changeO, Odisruptive changeO) when niche
innovations have developed sufficiently, the latter will break through and

replace the existing regime.

P4. Reconfiguration pathwaySymbiotic innovations, which developed in
niches, are initially adopted in the regime to solve local problems. They
subsequently trigger further adjustments in the basic architecture of the

regime.

P5. If landscape pressure takes the form of Odisruptive changeO, a sequence

of transition pathways is likely to happen, beginning with transformation,
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then leading to reconfiguration, and possibly followed by substitution or

de-alignment and re-alignment.

The developed transition pathways provide a clear relationship between the three
structural level and actors, and clarifying the transition pathways conquers the

niche-driven bias of the MLP (Geels and Schot, 2007).

It is worth noting that a sequence of transition pathways could happen. Twhaers,
landscape has Odisruptive changeO, transformation transition pathways would happen

firstly, then other transition pathways would follow up, including substitution,

reconfiguration, or de-alignment andakgnment (Geels and Schot, 2007).

Transition Main actors Type of actions Key words
Pathways
Transformation Regime actors  Outsiders voice criticism. Incumber Outside pressure, institution:
and outside actors regime rules (goals, guidir power struggle, negotiations
groups(social principles,search heuristics) adjustment of regime rules
movements)
Technology Incumbent firms Newcomers develop novelties, whic Market competitiorand power
Substitution Versus new compete with regime technologies struggles between old and ne
firms firms
Reconfiguration  Regime actors  Regime actors adop Cumulative componen
and suppliers componerdinnovations, developec changes, because of econon
new suppliers. Competition betwee and functional reasons
old and new suppliers Followed by new
combinations, changing
interpretations  and nev
practices

De-alignment

and re-alignment

New niche
actors

Changes in deep structures crei
strong pressure on regim@cumbents
lose faith and legitimacy. Followed b
emergence of multiple resource
attention and legitimacy. Eventuall
one

novelty wins, leading t

restabilisation of regime

Erosion and collapse, multipl

novelties, prolongec
uncertainty and changini
interpretations, new winne

and restabilisation

Adapted from: Geels and Schot, 2007.
Table 2.2 Main actors and actions in transition pathways
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Through the transition pathway analysis, the actors and actions can beeaddofifi
different transition pathways (see Table 2.2). For the transformation transition
pathway, the main actors are outside groups who create the pressure to cégiisie a
As a result, the regime actors have to adjust the rules to respond tosherqré&or

the technology substitution transition pathway, the main actors are the incumbent
firms and new firms. The transition process is driven by the competitiore®etw
incumbent firms and new firms. For the reconfiguration transition pathway, the
transition actors are the regime actors and regime suppliers. The trapsitess is

that the old suppliers under the control of regime actors introduce cumulative
component changes to influence the current regime. In terms of the de-aligmchent a
re-alignment transition pathway, the main actors are new niche actorsaibigion
process is that the regime structure is drarabyicchanged by the pressure of

landscape and the successful emergence of a new niche.

2.4.2 The application of transition pathways

The transition pathways are employed to investigate various transitiontodsss s
(Table 2.3). For example, the most cited paper in the MLP (Geels, 2002) intektiga
the transition from sailing ships to steamships as an exampke tethnology
substitution pathway. In the 1850s and 1860s, sailing ships dominated the regime,
while the steamship was in the niche market and only used for mailing. 1:840s,
political revolutions and the Irish potato famine (specific shock landsdagege)
caused mass emigration from Europe to America, which created a window of
opportunity for widening steamship applications (Geels, 2002). With the further
development of steam technology and iron works, steamship cumulatively increase
with bigger ships to carry more people and casj@eels, 2002). When the Suez
Canal opened in 1896, the use of steamship was booming because sailing ship could

not be used in the Suez Canal (Geels, 2002). In addition, the steam technology
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development provided higher coal efficiency and low transport cost. As a, result

sailing ships were finally replaced by steamships in the 1890s (Geels, 2002).

Transition
Case study Reference
pathway
. . ) ) Technology
The transition from sailing ships to steamships Geels (2002) o
Substitution
. ) ) De-alignment
The transition from horsdrawn carriages tautomobiles Geels (2005) )
Re-alignment
The transition in water supply and personal hygignéhe )
Geels (2005) Transformation
Netherlands
The hygienic transition from cesspools to seweresyist Geels (2006) Transformation
The transition of aviation systems from propellers 1 )
) Geels (2006) Transformation
turbojets
American factory production transition Geels (2006) Reconfiguration
Dutch highway system transition Geels (2007) Transformation
The breakthrough of rockony roll Geels (2007) Reconfiguration
Energy transition of the Dutch electricity system Verbong and Geels (2007) Transformation

Combined heat and power technologies in Netherlands Raven and Verbong (2007) Reconfiguration

The transition from mixed farming to intensive p )
Geels (2009) Transformation
husbandry

The use of ICT in car sharing Papachristo§2011) Transformation

Policy challenges to the dominance of the privateitdhe Dudley and Chatterjee (2012) Transformation
UK

German and UK transition policies felectric mobility Mazuret al.(2015) Reconfiguration

Table 2.3 Transition pathway studies

The second example is the transition from horse-drawn carriages to automobiles,
which is a case study of de-alignment and re-alignment transition pathwaels,(Ge
2005). In the late nineteenth century, America was experigpalitical, social and

cultural change. On one hand, these landscape changes resulted in signifssame pre

on the then-current horse-based urban transport regime, including concerns about
hygiene associated with horse excrements on the streets, a demand forréeder t
distances demanded, and the high cost of horses (Geels, 2005). On the other hand, the
divergent, large and sudden landscape changes created opportunities for radical
innovations on the niche level, such as electric trams, bicyclesri@leehicles,
gasoline cars, and steam automobiles (Geels, 2005). Due to FordOs mass production
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system introduction (in 1908), the price of new cars decreased dramaticallir, whic
stimulated car sales. The use of electric trams declined initite1820s for political,
economic, culture and infrastructural reasons (Geels, 2005). As a result, tinekear

out of the niche level, and then entered the regime.

Geels (2006) examined the hygienic transition from cesspools to sewer systbms
Netherland. In this study, the main actors were outside groups, such as doctors,
engineers, medical communities, and local authorities. Under the pressurthé&om
medical regime and outside criticism, the local authorities gradually othesgyeer

pipe construction. This transition process is identified as a transfornedisition
pathway (Geels, 2006). Some similar type of transformation transition pathgay ca
studies include the transition of aviation systems from propeller to turffegss,
2006), the transition of the Dutch highway system (Geels, 2007), the energy transition
of the Dutch electricity system (Verbong and Geels, 2007), the co-evolutiorstd wa
and electricity regimes in the Netherlands (Raven and Verbong, 2007), the transition
from mixed farming to intensive pig husbandry (Geels, 2009), the use of ICT in car
sharing (Papachristos, 2011), and how the concept of sustainable mobility has

influenced the car regime in the UK (Dudley and Chatterjee, 2012).

The transformation of American factory production (1850D1930) from traditional
factories to mass production is a typical example of reconfiguration toansit
pathway (Geels, 2006). During this period, there appeared some important
landscape-level developments, which created opportunities and pressures to factory
production transition. One landscape-level development is the construction of a
national rail network in the 1840s and 1850s that lowered the coal price atdtéatil

the transportation (Geels, 2006). Another landscape-level development is that the
population increased triple times between 1850 and 1900, which expanded the market
and stimulated economies of scale in production (Geels, 2006). The third [@dsca
level development is a fact that big business and industry rapidly grevinaiidased

production of goods after the Civil War (1861D1865) (Geels, 2006). In the same
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period, there were several problems on the factory production regime, such as labour
costs, insufficient lighting in mill factories, and power-distribution problé@sels,

2006). To solve these regime problems, many radical innovations were developed on
the niche level. In particular, electricityas applied for many purposes, such as
telegraphy, electrometallurgy, lights, and electric motors. Then, regime has a
reconfiguration with the electricity becoming dont in this level, which motivated

American factories towards mass production.

In addition to explaining the history of transition process, the transition pattamays
also applied to predict the future transition process. For instance, Verbongelsd G
(2010) predicted three possible transition pathways for the electricity sefcton®s
transition, including a transformation pathway, reconfiguration pathway, and
de-alignment and re-alignment pathway. Papachristos (2011) presented a model of the
substitution transition pathways to forecast the new technologies transitithre
future. Yuaret al. (2012) studied the delivering power system transition process from
2010 to 2050 in China by setting five different transition pathway scenarios, including
reproduction, transformation, substitution, reconfiguration, de-alignment and
re-alignment. In their assumption, if the delivering power system transition proces
follows transformation transition pathway, the delivering power system in Chiiha w

achieve a low carbon system by 2030.

2.4.3 Limitations of transition pathways

Transition pathways have been successfully applied in many fields, bebayse
analyse changes at the whole system level, and are able to explain both
social-institutional factors and techno-economic factors and their intete.cHence,

the framework is identified as a process-based approach which explainsulh®fre
causal interactions between systems (Foebnal, 2010). This conceptual and

analytical framework is appropriate to analyse the processes, actors, andcdysfam
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historical transitions, and therefore is adopted in this thesis to study-likke e

transition in China.

Nonetheless, the transition pathways are not without limitations. Firsily,
framework des not in-depth explore the key role of users in the system change.
Secondly, the transition pathways only focus on a single system transittbouiwi
taking into account multi-system interactions (Papachrist@d, 2013). Thirdly, the
six transition pathways are not able to cover all the possible transitiorsg®c
Some transition studies are found which cannot be categorised into any of the s
transition pathways, such as the emergence of the computer regime (Vandden E

and Kemp, 1999), and the emergence of functional foods (Papachktisip2010).

2.5 The Multi-Level Perspective in sustainable mobility

Sustainable mobility is significant because transport sector is oneoimost
important in industry generally, and in social use, and in this sectere@3sions

keep increasing (Anablket al, 2012). Applying the MLP to analyse suitable mobility
can help understand the current transport system situation and possible transition
pathways towards a more sustainable mobility (Geels, 2012). A book called
OAutomobility in Transition? A socio-technical analysis of sustainaatesportO
(Geelset al, 2012) provides a significant contribution to the complexity of transport
system transition. The book is a compilation of various works by different authors,
aimed at understanding the stability, change and interactions betweeendifiges

of change in transport system with Bndepth exploration of culture, governance,
traffic management, infrastructure, the automobile industry, radical innovations,
emerging niche markets and transitions (Keetpal, 2012). The key research
questions of the book were Othe force of stability and change and if a green
technology pathway is more likely to be a broad transformation of the transport

systemO (Kemgt al, 2012).
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There were three main parts of the book. Part 1 introdadgettansport in societyO
perspective, which included the following aspects: 1) understood the mechaihisms
lock-in and stability of the existing automobile regime in a soci@nsa perspective
(Lyons, 2012); 2) explained the MLP framework and transition patterns with
corresponding case studies such as add-on and hybridisation patterns in the case
sailing ships shifting to steam ships, and fit-stretch patterns twéhhorse-based
regime transferring to the car regime (Geels and Kemp, 2012). This part provides the

theory bases of the book, which leddls good start point.

Part 2 focused on the theme of Ostability and regime pressuresO. Thebghaletiés

et al. (2012) explained the reasons behind the existing automobility industry
resistance, including demand for scale economy, safety regulations babedsteet

body, exit barriers and entry barriers, and consumer habits, which provided a
comprehensive study of interactions of industry actors, customers, and government. In
the chapter by Dudley and Chatterjee (2012), they introduced how the sustainability
concept diffused into th&KOs transport policy regime. Then, Docherty and Shaw
(2012) further analysed the governance of transport police in Scotland and London.
Their result showed that simply replicating successful sustainable tramspiost

from one place to other place could resultaithure. Other chapters in this part studied
the road capacity of automobility (Goodwin, 2012), linking between car mobility and
spatial planning (Zijlstra and Avelino, 2012), and the emergence of new cultures of

mobility in the USA (Sheller, 2012).

Part 3 concentrated on the dynamics of change with the study themesto€ elec
vehicles, transport information system and personal mobility. The chapter by Orsat
et al. (2012) studied pure battery electric vehicles (BEVs). They stated that BEVs
dominded the motor vehicle regime for a very short period around 1915. Then, there
was a revival of BEVs for a short time in the 1970s and 1990s. Due toelimabge,

high oil prices and the success of hybrid electric cars, BEVs once agamée
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popular. Orsateet al. (2012) did not expect that BEVs will replace the existing car
industry, but believed that the BEVs now were accepted culturally compélethe

period of the 1970s and 1990s. Electric vehicles (EVs) were further studied by Ehret
and Dignum (2012). They studied the full cell vehicles (FCVs) in Germany, finding
that FCVs were regime-preserving as tligycurrent driver preferences as well as
regime-changing as they aaalisruptive innovation in the energy sector. In addition,
Pelet al. (2012) and Lyonst al. (2012) investigated the role of traffic information in

the transport regime transition. In particular, Lyensl. (2012) pointed out that the
innovation of Olntelligent transport systemO would have an impact on thetséyell
mode choice behaviours. In addition, innovation in public transport was highlighted
by Harman et al. (2012), including bus lanes, demand-dependent services,
information provision about arrival times and short distance radio systems. Among
the various innovations, they found that the tram-train concept was a bettemstalut
attract more commuters and widen access to cities. Another study (Pagkhailrst
2012) suggested that the intermodal personal mobility promotion would be a possible
way to achieve sustainable personal mobility. The book ended with policy proposals

for transferring to a sustainable transport regime.

Overall, this book contains diverse components of the automobility regimeitnansit
including culture, industry, historical analysis, policy, and emerging innovations,
which provides a comprehensive understanding of stability and change and
interactions between three levels. However, it is not without lirartati Firstly, the

book almost solely focuses on the automobility transition in the Netherladdhea
United Kingdom. Verylittle information about automobility transition in other
countries is given. Secondly, the radical innovations to achieve sustainablgynmobil

the book are mainly the green cars, such as BEVs and FCVs, without the
consideration of bicycles, e-bikes, and other transport modes. Thirdly, most chapters
in the book emphasise the interactions between institutions and organisgitiongs,

little attention to individuals. Last but not least, the book empha#imesole of

governance, that is, that the strong policy support of sustainable mobility innovations
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is the prerequisite for the successful sustainable mobility transition.

There are numerous journal articles studying sustainable mobility by applying the
MLP, as listed in Table 2.4. These articles emplayiedLP framework to interpret

a range of cases but in a limited range of different regional conMgts. studies
mainly investigated the sustainable mobility transition in Europe, eslyanidhe UK,

the Netherlands, Finland, Sweden and Germany. Only a few studies focus on China

and the North America.

Theme Study Topic Region Reference
Niche Human Powered Vehicles Netherlands Brown et al.(2006)
innovation
Novel transport technologies UK, Sweden Nykvist and Whitmarsh
(2008)
Aeromobility United States Cohen (2010)
Hydrogen and batterglectric Netherlands Van Breeet al. (2010)
vehicles

Hybrids, biofuels, natural Gas,  Netherlands Farlaet al.(2010)

hydrogen
Electric mobility China Tyfield (2014)
Heavy vehicles Sweden Berggreret al. (2015)
Biogas Sweden Fallde and Eklun@2015)
E-mobility German Augenstein (2015)
Mobility Multimodal mobility in urban German Spickermanret al.(2014)
System transport system
Policy Emissionfree transport Finland Auvinenet al.(2015)
Climaterelated policy UK, Finland, Uphamet al.(2014)

Sweden

Table 2.4 Sustainable mobility case studies apply the MLP

Some of the studies focused on the niche innovations (see Table 2.4). Nykvist and
Whitmarsh (2008) identified three ongoing niche developments in the UK and
Sweden as follows: 1) radical vehicle technologyg(dual modes, biofuels, electric
power train, and personal rapid transport systems); 2) preahgetvice shift ¢.g.an
increase in public transport demand and car sharing); 3) mobility managentent (

slow-modes, walking and cycling, congestion charging and road pricing). They found
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that different countries have different preferences for greener transport tecésologi
Furthermore, they found that three ongoing niche developments had synergies with
the sustainable mobility transition. They concluded that the tendency of iroTowrat
transport is diversity, hybridisation and co-evolution of niches in the future. An
important contribution of the paper is that it provides diverse ongoing niche
innovations in the sustainable mobility transition rather than only focusing omlradic
vehicle technologies. However, as the authors stated, the studyisamaaly
concentrated on the UK and Sweden, and should be developed in a broader range of

countries.

Some studies on the sustainable mobility transition mainly &tos the radical
innovations of new energy vehicles and renewable energy vehicles, such as the huma
powered vehicle study (Browet al, 2006), the aeromobility study (Cohen, 2010),
hydrogen and battery electric vehicles (Fagtaal, 2010), biofuels vehicles and
natural gas vehicles (Van Bre¢ al, 2010; Berggreret al, 2015), and e-mobility
(Tyfield, 2014; Augenstein, 2015).

The mobility system is another important research theme in these joupws pa
(Table 2.4). Spickermanet al. (2014) studied the possible multimodal mobility
solutions in urban transport systems, and designed an integration of individual and

public passenger transport systems for future sustainable urban mobility.

The sustainable mobility governance is also researched but not intensivaly 214.
Auvinen et al. (2015) proposed a process to support strategic decision-making and
policy planning in sustainable transport policy transition by simulation and nmagelli
with impact assessment based on the MLP framework, which developed an
Oemission-free transport in cities by 20500 project. Another study (@phar2015)
focused on the current climate-related transport policies in three countmeslyna
Finland, Sweden, and the UK. They found that the climate-related transpost polic

supported by regime actors in these three countries mainly concentrated on
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technological substitution and incremental changes rather than path-breaking

innovations (Upharet al, 2015).

2.6 Limitations of the Multi -L evel Perspective

The Multi-Level Perspective (MLP) has been applied to a wide range a$,are
suggesting that it has great flexibility and adaptability. However, therstilh some

shortcomings that will be discussed in this section.

2.6.1 The relationship between different scales

The traditional MLP mode is difficult to apply to a complicated systbecause it

does not realise that each system can contain micro-structures or sussyste
Furthermore, the definitions of OlandscapeO, OregimeO and OnicheO are mmbiguous
practice. For example, how large a scale should a landscape be compaegirtea

The whole world or a country or a city? To solve these problems, Ceeati(2012)

and Lawhon and Murphy (2012) suggssto incorporate a multi-scalar system into

the MLP, or called Multi-scalar MLP. That is, each system in macale is
comprised of numerous sub-systems or constituent elements in micro-ada¢ach
element has its own micro-structure with complete multiple perspsctiVhe
interaction between the sub-systems forms the mechanism underlyitrgutbigion
process in the macro-level, rendering the transition either not OhomogeneousO or
OsynchronousO. Multi-scalar MLP is an extension of traditional MLP, anchtrey s

the same fundamental framework. Using MieP in multi-scalar manner allows us to
understand the structure of the social-technical transition depending on ke sca

wherewe investigate the system.

However, the Multi-scalar MLP proposed by Coem¢ral. (2012) did not provide a
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guideline to explicitly distinguish the scalars in the national context. listady, the
various dimensions in Multi-scalar MLP are clearly and reasonably identifie
according to the scale of geography and policy structure. Furthermore, the
Multi-scalar MLP research in previous literatures was restrict@eddoncept, but our

work appliedit to analyse a specific transition process.

2.6.2 The role of individual actions

Due to the broad system-wide focus and consideration of Ooutsider® and medical a
incremental innovations, the MLP provides a very useful theoretical framewaork
policy makers, industry, and other actors in decision-making (Setithl, 2005;
Foxon et al, 2009; Whitmarshet al, 2009; KsShleret al, 2010). However, in
transition studies, the social-technical lacks the treatment of individied in the
context of travel behaviour, which is a limitation of the MLP from aaa&tience
perspective. The literature of social-technical transition tends tgna#ise role of
individuals as technology consumers and users rather than citizens who halve socia
attributes such as the roles of family members, voters, community members,
employees, or employers, especially in transport research (Bueigaks1998; Nye

et al, 2010). As a result, the individuals in social-technical transition studies are
treated as homogenous and passive rather than heterogeneous and active (Eaxeltine

al., 2008; Geels, 2011).

In the transport system, individual vehicle purchase and use is important. The
individuals can change their behaviour in non-technological or social ways. In
addition, to achieve a sustainable transport system, the technical rsessue are
not sufficient (Grubler and Riahi, 2010). At the individual and household level, one
might alter oneOs choice of travel according to time, income, cost, loeatibayen
weather. The individual lifestyle and travel choice is closely reletadgime level.

For example, if there are bike lanes, the individuals are more likely tbicyees.

32



Understanding such niche and regime relationships is a priority for future MLP
research. In this case, the role of individuals in the e-bike transition pricess

explored in the thesis with mexd methods.

2.6.3 The role of policy

One of the main aspects of the MLP studies is the transition nrapagevhich
emphasises the role of policy and tends to suggest that the distiegtiptdrvention

is fundamental to turning unsustainable practices into sustainable onesisThis
because it stimulates and nurtures new production-consumption modes in the
following aspects: distributing fiscal and other incentives; providing Rdseard
Development (R&D) supports; taking charge of infrastructure development; and
formulating regulatory frameworks (Schettal, 1994; Kemget al, 1998; Hoogmaet

al., 2002, Becket al, 2013). The requirement of policy interventions in different
contexts is highlighted to steer a radical innovations transition (Sghigth, 2005;
Smith, 2007; Genus and Coles, 2008). In contrast, the disruptions identified by
Marsden and Docherty (2013) are necessary triggers of socio-technical change. In
addition, these disruptions embedded in different regimes have indeed provided
opportunities for e-bike development in China. The thesis will examine whether a

transition can occur without a purposive policy support.

2.7 The role of individual choice in the context of trael behaviour

As mentioned above, the MLP lacks a discussion on the role of individuakecimoi
the context of travel behaviour. Considering the significance of individual mode
choice in theory and practice, this section attempts to give a revighe liferature on

this topic.
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There is a wide variability of research projects that study individaa¢k behaviours.

The studies vary in geographical extent, from local level (Boarnet and Crane, 2001;
Ampt et al, 2005) to national level (Dielemaat al, 2002; Lyonset al, 2002) and
international level (Marchetti, 1994; Hjorthol, 2002). Some of the studies
concentrated on the travel behaviour in particular types of journey purposes, such as
work purposes (Cullinane, 2002; Aguilezgal, 2009), leisure purpose (Anable, 2002;
Anable, 2005), and shopping purpose (Van Acker and Witlox, 2010; Leeling

2014). Some of the studies discedthe use of travel modes (Anable and Gatersleben,
2005; Handyet al, 2005; Schwanept al, 2012). The research methods applied to
study travel behaviour are also diverse, and include travel diaries (Boarnet and Crane,
2001; Schlich and Axhausen, 2003), interviews (Brown, 2005; Huang and Hsu, 2009),
guestionnaires (SSnmez and Graefe, 1998; Nutley, 2005), modelling (Golob, 2003;
Caoet al, 2009), and experiments (GSrliegal, 1998; Jansseret al, 2009). Many
studies developed theories to further explore the underlying mechanisms behind travel
behaviours, including attitude-action gap (Blake, 1999; Kollimuss and Agyeman, 2002;
Mairesse,et al, 2012), income effect (Deaton and Muellbauer, 1980), information
integration theory (SSnmez and Graefe, 1998), and protection motivation (SSnmez

and Graefe, 1998).

In addition, many studies investigated the impact factors influencing brakiaviours,
which are divided into four groups: urban form; socio-demographic variables;

psycho-social variables; and pricing.

(1) Urban form plays a significant role in influencing travel behaviours and travel
patterns. Many studies shed that higher density land use with better access to
sustainable modes increased the probability to promote sustainable trawebineha
(Handy, 1996; Cervero, 2002; Naess, 2003; Naess and Jensen, 2004; Srinivasan and
Rogers, 2005). On the other hand, low and single density land use produced longer
journeys and a higher probability to use cars (Goudie, 2002; Srinivasan and Rogers,

2005; Nutley, 2005; Holz-Raet al, 2014).
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(2) A large number of studies explored the impact of socio-demographic variables on
travel behaviours. The socio-demographic variables include age, gender, income, and
household composition. Boschmann and Brady (2013) conducted a survey to explore
the travel behaviour of older adults (aged 60 and over) in Denver, Colorado, USA.
They found that the total trips and mean distances decreased wititrib@se of age
(Boschmann and Brady, 2013). Newbeidal. (2005) also obtained a similar result
when studying the travel behaviour of older Canadians (aged 65 and over) and young
Canadians. They found that the older Canadians made fewer daily trips than younger
Canadians. Because employment statuses changed, older Canadians took fewer daily
trips. Many studies found that there is a significant difference betwesm and
women. Compared with men, women are more likely to adopt sustainable travel
behaviours (Boarnet and Sarmiento, 1998; Polk, 2003; Best and Lanzendorf, 2005;
Moriarty and Honnery, 2005). Income is another very important factor. The higher the
household income, the higher the probability of car ownensh{pielemanet al,

2002). In terms of household composition, Ryley (2005) found that the travel
behaviour of households with children is distinct from others. These households are
highly dependent on cars. Other household compositions that influence travel

behaviour include gaining employment and retirement.

(3) Some studies explored the impact of psycho-social variables on traveldoehavi
Anable (2005) used the Theory of Planned Behaviour (a psychological theory of
attitude-behaviour relations) to study the travel behaviour of leisure travellerarevho
divided into different segments by multi-dimensional attitude statentanwsigh
cluster analysis. She found that each traveller segment has its own unique
combination of preferences, worldviews and attitudes. In addition, attitudes can
significantly influence travel behaviours. Furthermore, the same attitudebean
attributed to different reasons and can lead to different travel decisiihsr
psycho-social factors, including the perception, and motives, also have acaignifi

impact on travel behaviour (Pizam and Mansfeld, 1999; Cullinane, 2002; Histock
35



al., 2002).

(4) The cost of travel would be an effective tool to alter travel behaviéars.
example, due to the high parking cost, travellers are more likely to switctcénmnto

public transport (Hensher and King, 2001). Similarly, Janssera. (2009) found

that environmentally friendly travel behaviour (reducing the number of trips,
switching to more environmentally friendly travel modes) can vary depending on
different congestion pricing scenarios by analysing stated adaptation expsriment
Francke and Kaniok (2013) explored travellersO responses to different road pricing
schemes. If the road pricing schemes were well designed and simplayld lbe

faster and easier for travellers to choose their transport modes (FrancKearaok,

2013).

As an important impact factor of travel behaviours, the travel cost itael be
influenced by the value of travel time and the value of travel timabibty. The
former is the cost of time spent on transport, and the latter refehe teatue of
reducing the variability of travel time. The concept of the value of tiawel has a

long history based on the time allocation models. Many estimated valuesveif

time have been conducted to control pricing (Wardman, 1998; Wardman, 2001,
Shires and de Jong, 2009; Wardman, 2004; Ztaal, 2015). The history of the
value of travel time reliability research is not as long as the waiueavel time
research. However, there are an increasing number of papers which paid atbention t
this topic using two main theoretical approaches: centrality-dispersion laedutiag
models (Batest al, 2001; Copleyet al, 2002; Tsenget al, 2009; Tilahun and
Levinson, 2010; Devarasetét al, 2012). The studies of the value of travel time and
the value of travel time reliability provide multi-dimensions to balatiee travel

demand and pricing.

The literature on individual mode choice gave us some clues about how to design

guestions in the survey and analyse the survey results related to the factors
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influencing individual behaviours in the travel mode transition.

2.8 Conclusion

This chapter introduced four theory strands of socio-technical transition, in thieich
MLP is reviewed in detail because it is applied as a tool tdyseahe e-bike
transition (RQ1DPRQ5). The reason for adoptinghhé® as the theory base of the
thesis is due to its following advantages in studying sustainable toansi) The
MLP provides a useful analytical framework for understanding complex
socio-technology transition; 2) The MLP intertwines with different levebctors in

one context; and 3) six transition pathways in the MLP provide more realistic

assumptions on future sustainable mobility transition modelling.

The limitations of the MLP are also discussed. Firstly lleterogeneous spatial
dimensions and socio-pbtal structure of transition are not well explained by the
MLP. Hence, a multi-scalar MLP is used as a framework to solveptbldem. In
addition, individual behaviour is an important mechanism to promote the e-bike rapid
development in China (RQ5), but the MLP focuses on the interactions of the
institutions and organisations rather than integrating natural, behavioural analpolitic
science to understand how behavioural-institutional change occurs (Whitmarsh, 2012).
Therefore, we also reviewed the literatures on individual mode choice as a
supplement to the theory, which is helpful to our questionnaire design in thg sfirve

Nanjing City and useful to discuss the data result.
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Chapter 3

Literature Review of E-bike Research

3.1 Introduction

This chapter reviews the literatures on e-bike research, aimed to iniegtga
current knowledge of the Oe-bikesO, conveying an understanding and a critical

analysis of e-bike studies, and identifying the research gaps.

Due to the significant difference of e-bike sales between China andastes, the
e-bike research themes are different accordingly. The e-bike studies in @hisah
e-bike user characteristics, environment impact, safety issues and sbeasrdar
e-bike development, whereas the e-bike studies in other countries and areas focus
the characteristics of early e-bike adopters, safety issues, and the proaiaibike
usage. This thesis will review the e-bike research in China and other csuntrie
respectively, seeking the answers of important questions about e-bike user
demographics information, the reasons for e-bike adoption, safety, health, and

environment impact.

3.2 An overview of ebike literatures

The e-bikes in the thesis are referred to as three different typedelstyle e-bikes,
hybrid style e-bikes, and scooter style e-bikes. All three types of e-bikesinaia
characteristics: two wheelers, electric assisted power, and lowd.spke electric
motorcycles are excluded. The reviewed papers were mainly scanned via Scopus,

using the key terms such as Oelectric bicycleO, Oelectric bike@OQaHa Oelectric
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two-wheeler vehiclesO. The review was restricted to English publicationigind
quality Chinese literatures, including books, peer-viewed journal papers, conference

papers, and conference reviews.

Figure 3.1 shows the articles relevant to e-bike topics published since 1974talhe t
number of e-bike articles scanned by Scopus is approximately 400. The very first
article published in 1974 announced that e-bikes had been assembled in Dublin (Anon,
1974). The number of published e-bike articles is no more than five each year before
1999. However, this started to increase after 2000, which could be an indicator that
e-bikes may emerge in the niche market. In the following years, the number of
published e-bike articles fluctuated between 2003 and 2009. After that, the number of
published e-bikes had an explosive growth, especially in 2013 and 2014, with 52 and
67 published articles, respectively. The increase in published e-bike artieles

imply that the e-bike industry developed very quickly and has been a highly notable

social phenomenon, and therefore attracted the attention of the academic world.
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Figure 3.1 The number of articles published every year

Most of the published articles are in the engineering subject area, wytla delv in
the social science. The themes in the engineering subject area ouslgt of the
research of batteries (Kumaet al, 1993; Yan, 2001; Hwangt al, 2005; Ke and
Zhang,et al, 2007; Gucet al, 2009; Manojet al, 2011; Zhacet al, 2014; Berjoza

and Jurgena, 2014), motors (Cledral, 2002; Trifaet al, 2007; Son and Kang, 2010;
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Lu and Jen, 2014; Wu and Lin, 2014), controllers (Haetial, 2008; Zhanget al,

2011; Zhouet al, 2013; Zhanget al, 2013), wheel hubs (Esparettal, 2001; Wu

and Sun, 2013), frame designs (Wangal, 2001; Duet al, 2008; Xiaoet al, 2012;
Donget al, 2012), propulsion systems (Scott, 2008; &ahl, 2013; Ren and Ren,
2014), and brake systems (letial, 2008; Hua and Kao, 2011; Chuasigal, 2012).

These themes explored important technology components of e-bikes, for the purpose
of breaking through the technology bottlenecks, optimising e-bike technology, and

achieving e-bike industrialisation.
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Adapted from: Jamerson and Benjamin, 2013; Fishman and Cherry, 2016.
Figure 3.2 Global e-bike sales (1,000 units, excluding China)

The research scopes of the e-bike studies in China and other countries are very
different. China is the largest producer and market of e-bikes, with 35 million in
production and 32.40 million sales in 20T4af, 2015). In comparison, the market in
Europe, India, the USA and Japan are still in the elementary stages (Figure 3.2).
Although e-bike sales in these countries are increasing every year, ttstyl anech

lower than that in China. The unbalanced regional e-bike development leads to
different preferences for e-bike research themes. Eastern studies, Igspe€hina,

tend to concentrate on the e-bike operations, technology improvement, e-bike user
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characteristics, environment issues, safety issues, market growth, andsthesréor

the rapid development of e-bikes. In comparison, western studies, especiadigthn N
America and Europe, focus on emerging markets, the behaviour of early adoption,
and health issues. The following sections will explore the e-bike thien@sna and

other areas, respectively.

3.3 Ebike research in China

This section reviews the e-bike research in China, including the characteafti
e-bike users, environment impact, safety issues, and the reasons for rapid e-bike

development.

3.3.1 Characteristics of e-bike users

Understanding e-bike user characteristics is useful for determining who tke e-bi
users are, where they are from, and their future travel mode choices, which would
help understand e-bike transition and how e-bikes are embedded in the current
transport regime. Thenvestigation of e-bike usersO characteristics is mainly

performed through questionnaires.

Demographic information

The demographic characteristics of e-bike users are investigated inffigrerdi cities
(Shanghai, Kunming, Shijiazhuang, Beijing and Hangzhou). Although these cities are
different in their sizes, locations, populations, and development levelsyehaga
ages of e-bike users are quite similar, ranging from 31 to 36.4 years old (Table 3.1),
which suggests that e-bike users in China are mainly of a young age. In addition, the

result shows that the average education levels of e-bike users are deligge in
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Shanghai and Kunming. In terms of income level, e-bike users are at the raityie

of the local income level.

City Gender(%F) AverageAge Education Income (CNY)
Shanghai 41 36.4 College degree 592094
Kunming 51 33.1 College degree 377344
Shijiazhuang 51 32 NA 20000
Beijing and Hangzhou 35 31 NA NA

Aincome per househald * income per person
Adapted from: Cherry and Cervero, 2007; Weinettal, 2007; Yao and Wu, 2012.
Table 3.1 Demographic information in different cities in China

Cherry and Cervero (2007) and Weinetral. (2007) also compared the demographic
characteristics of e-bike users with that of bicycle users. Theyl steiee-bike users

had higher incomes than bicycle users. In terms of educational background, the
e-bikes users in Shanghai and Kunming also had a higher education level than bike

users (Cherry and Cervero, 2007).

E-bike trip information

City Year  Trip Trip Trip distance Triptime  Speed Trip frequency
purpose*  purpose”’ (km) (min) (kph)  (per day)

Shanghai 2007 Commute Shopping 4.83 25.56 13.04 2

Shanghai 2014 Commute Shopping 11.09 31.82 19 NA

Shijiazhuang 2008 Commute NA 5.8 27.2 14 3

Kunming 2007 Commute Shopping 3.63 20.28 11.85 2.54

Fei County 2011 Commute Go to school NA 14.7 NA 2.73

* Primary trip purposg ” Secondary trip purpose.
Adapted from: Cherry and Cervero, 2007; Weinettal, 2007; Zhang, 2011; Yet al, 2014
Table 3.2 E-bike trip information

The primary trip purpose of e-bike adoption is commuting, which has more than 70%
of the response rate regardless of the city size, location, and survey camdinos
(Table 3.2). The second main purpose is shopping, followed by going to school.

Combined with the aforementioned fact that e-bike users are mainly of a ygeing a
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could be concluded that the characteristics of e-bike users in China apé ybang

career-aged commuters (Weinetial, 2007).

Other trip information varies with the survey conduction year and city sizes. For
instance, the survey conducted in Shanghai had very different results between 2007
and 2014 with regards to trip time, trip distance and e-bike speed. The avgrage tri
time increased from 25.56 minutes to 31.82 minutes, the average trip distance from
4.83 km to 11.09 km, the average speed of e-bikes from 13.04 kph to 19 kph, and
e-bike trip distance increased by over 50% (Cherry and Cervero, 200&t de

2014). The increase of the trip time, trip distance and e-bike speed could lraply t
travel demand is changing and that e-bike performance is improving over time. The

result could also imply that urbanisation could explain the increase of trip time.

Mode choice behaviour

Shanghai Kunming Shijiazhuang XiOan
Previous Alternative | Previous| Alternative | Previous | Alternative | Previous | Alternative
mode mode mode mode mode mode mode mode
1 | Bus Bus Bus Bus NA Bike Bus Car
(509%0)* (55%)* (52%)* | (58%)* (62%)* (38.3%)* | (47.1%)*
2 | Bike Bike Bike Bike NA Bus Bike Bus
(19%)* (12%)* (38%)* | (20%)* (36%0)* (31.4%)* | (19.6%)*
3 | Walk Walk Walk Car NA Taxi Walk Walk
(109%0)* (10%0)* (11%)* | (8%)* (8%)* (16.3%)* | (10.5%)*

* Response rate of the total participants
Adapted from: Cherry and Cervero, 2007; Weinettal, 2007; Zhang, 2011; Xet al, 2014
Table 3.3 Top three previously used modes and alternative mode choices

Table 3.3 summaries the previously used mode of e-bike users and their aternati
travel modes in the absence of e-bikes. The e-bike users mainly transferred f
buses, bikes and walking in Shanghai, Kunming and XiOan (Cherry and Cervero, 2007;
Weinertet al, 2007; Xuet al, 2014). If e-bikes were unavailable for some reason,

travellers in Shanghai, Kunming and Shijiazhuang firstly considered transferring to
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buses and bikes (Cherry and Cervero, 2007; Wegtegtl, 2008). The third best

alternative mode choice varied between walking and using a car or taxi (Chérry a

Cervero, 2007; Weines#t al, 2007). However, the preferred alternative mode choice

changed with time. In 2013, the best alternative modes were buses and bik&arin

City, but afterwards changed to cars, buses and walking(él, 2014). The result

could imply that the demand of transportation changed over time.

Reasons for choosing e-bikes

Shanghai 2007 Shanghai 2014 Kunming Shijiazhuang
1 Fast Saving time Fast Faster than bike
(82%)* (49%)* (72%)* (80%)*
2 Less effort Bus inconvenience Public transport Do not have to wait
crowded for bus
(20%)* (20%)* (309%0)* (50%)*
3 Safer than Comfort Cheaper than cars ~ Comfortable
motorcycle
(9%)* (15%)* (28%)* (40%)*
4 Public transport Saving money Less effort Bus is toocrowded
crowded
(8%)* (12%)* (26%)* (38%)*
5 Cheaper than auto Convenience Safer than Commute distance
motorcycle too long for bike
(5%)* (5%)* (10%)* (32%)*

* Response rate of the total participants

Adapted from: Cherry and Cervero, 2007; Weinettal, 2007; Xuet al, 2014.
Table 3.4 Top five reasons for e-bike adoption

Table 3.4 lists the top five reasons for e-bike adoption derived from differarys

guestionnaires. By comparing e-bikes with other travel modes, the reasons for e-bike

adoption are summarised as faster speed, less effort, bus crowdedndsityflexi

saving time, comfortability,

better

performance, safety,

saving money, and

convenience (Cherry and Cervero, 2007; Weiereml, 2007; Xuet al, 2014). The

result indicates that e-bikes are a better alternative to bikes aesl (Wsineret al,

2007).
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The most prevalent reason for e-bike adoption is faster speed, followed jfdess

which could help conquer some physical barriers and offer commuters the ability t
travel further (Popovicket al, 2014). OBuses are too crowdedO is another main reason
why travellers shifted from buses, which indicates the insufficient puaitsport
services in China (Cherry and Cervero, 2007; Weieeral, 2007). The other
advantage of e-bikes is their OflexibilityO, which is evidenced in quaeSybu do

not have to wait for the busO (Weinettal, 2007). It suggests that the demand of
personal mobility emerges in ChinaOs current transport system. In addition, e-bikes

have an advantage as they allow people to achieve personal mobility.

3.3.2 Environmental impact

Generally speaking, e-bikes serve as a form of sustainable mobility (Rteete

2013), because the energy supply of e-bikes is electricity which can be renewable
compared with petrol and diesel. Moreover, e-bikes are zero emissions in dse, so
not contribute to air pollution. In addition, due to the light weight of e-bikes, energy
consumption is further reduced. Compavéth electric vehicles (EVs), which mean

the cars driven by electric motors, the energy consumption of e-bikes ithdess
2kWh/100km, which is 10% of a small EV and the carbon dioxide emission is 40
times less than a small EV @lial, 2012).

A report published by Asian Development Bank (2009) and a paper written by Cherry
et al. (2009) detailed the environmental impact of e-bikes in China, which could be
the most comprehensive study in this aspect, including e-bike lifecycle ianyes
comparison of e-bikes with other transport modes, and lead acid battery pollution and
recycling. The environmental impact of transport modes is mainly divided in® thre

parts: the e-bike production phase; e-bike use phase; and lead-acid batteries.
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E-bike production phase

Bicycle style Scooter style Bicycle 100cc Bus
electric bike electric bike motorcycle
Weight of component materials (kg/vehicle) and %otal weight

Steel 18.2 (46.1%) 26.2 (46.5%) 13.0 (72.2%) 76.4 (81.3%) 6303(57.8%)
Plastic 5.7 (14.4%) 15.2(27.0%) 2.0 (11.1%) 9.1 (9.7%) 553 (5.1%)
Lead 10.3 (26.1%) 14.7 (26.1%) - 1.7 (1.8%) 90 (0.8%)
Nickel -- - -- 0.3 (0.3%) --

Fluid 2.9 (7.5%) 4.2 (7.5%) -- - 78 (0.7%)
Copper 2.6 (6.6%) 3.5 (6.1%) - 1(1.1%) 109 (1.0%)
Rubber 1.1 (2.9%) 1.2(2.2%) 2.0 (11.1%) 3.2 (3.4%) 405 (3.7%)
Aluminium 0.5 (1.3%) 0.6 (1.0%) 1.0 (5.6%) 1.5(1.6%) 1666 (15.3%)
Zinc - -- - 0.8 (0.9%) --

Glass - 0.2 (0.3%) - -- 490 (4.5%)
Wood - -- - -- 396 (3.6%)
Other -- - -- - 308 (2.8%)
Total weight 41.3 65.8 18.0 94 10900

Associated energy and emissions of manufacturinggzses

Energy use (tonne SCE 0.179 0.261 0.045 0.188 34.345
Energy use (kWh) 1456 2127 363 1534 279605
Air Pollution (SQ) (kg) 1.563 2.198 0.275 1 274
Air Pollution (PM) (kg) 5.824 8.173 1.176 4 1064
Greenhouse gas (tonne; 0.603 0.875 0.097 0.284 70.601
Waste water (kg) 1488 2092 393 1397 201182
Solid waste (kg) 4.463 7.139 0.641 3 756

Adapted from: Asian Development Bank, 2009.
Table 3.5 The production phase of e-bikes and other modes

Table 3.5 shows raw material use, energy use, and emissions in the maini@noduct
phase of e-bikes, bikes, motorcycles and buses. The main production processes for
manufacturing these vehicles are identified as the Omining or extractiaw of
materials, processing those raw materials into usable refined nstéaiaticating
refined materials into individual parts, and finally, assembling the paasivehicleO
(Cherry, et al, 2009). From Table 3.5, the lead material contributes to 26.1% of the
total weight of the component material of e-bikes, which forms the nuaineens
attributed to lead pollution. The main reason for this is that e-bikes equmtied
leadacid battery dominate the market (Mabal, 2008). For other material usage
(e.g.plastic, rubber and steel), e-bikes require much less than motorcycles and buses,
although they need more than bikes do. Consistent with material consumption, the

energy use and emission of production processes have the same tendency. That is,
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e-bikes rely on less energy use and emit less pollution than motorcycles asd bus
while bike production processes have the lowest energy use and pollution. Akl,a res
compared with motorcycles and legsthe production processes of e-bikes are greener.
However, compared with the bike production process, e-bikes appear to be much less

sustainable.

E-bike use phase

The use phase comparison studies conducted by Chemy, (2009) and Asian
Development Bank (2009) showed that e-bikes provide a considerable environmental
improvement in terms of the most emissions compaiiéd car use and bus travel in

the condition of a per passenger kilometre basis. In additioef ALI(2014) analysed

the environmental impacts of e-bikes by simulating the levels of energwanise
pollutants in two scenarios: with e-bikes and without e-bikes in the Xi®anTGe

result indicated that the adoption of e-bikes reduces energy use ammnSion, but

increases the emissions of $OM and lead emission (>at al, 2014).

The average electricity consumption of e-bikes is 2.1kWh/100km, including the
transmission losses and in-plant losses (China Statistics Bureau, 2007).eBecaus
batteries can be removed from e-bikes, users are able to charge the battbilea
usersO work places. As a result, the electricity demand would be easdtetyy ba
charging time, whichallows charging batteries in the off-peak time to increase the
ratio of electricity usage. However, the electricity consumption from eshikstill a
problematic issue in China as electricity generation relies heavily difiremapower

plants (Jiet al, 2012).

Lead-acid battery

E-bikes are restricted because of the level of lead pollution createdatyatid

batteries in 2011 (Rose, 2012). In 2007, 95% of the e-bikes in China used lead acid
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batteries (Cheret al, 2009). Although lithium batteries were expected to be a
possible substitute, lead acid battery designs still occupied 95% eflitke market
in China (Liuet al, 2015). So the lead pollution caused by lead acid batteries is still

the major concern with regard to using e-bikes.

The lifespan of lead acid batteries is usually one to two years (Céteaty 2009).
After that, lead acid batteries need to be replaced by new ones in ordamtain
their endurance power. As a result, an e-bike could use five to seven battéises
lifespan (Chenet al, 2009). For e-bikes and hybrid style e-bikes, the lead acid
batteries usually use 36V or 48V battery systems with an average weitj0tkof
(Tianet al, 2015). The scooter style e-bikes are typically equipped with 48V or 72V
battery systems, with an average weight of 18 kg (Earal, 2015). The lead
component accounts for 70% of the total battery weight, which means thatcée bi
style e-bike or a hybrid style e-bike carries 7kg of lead and a scooter stile ledds

14.7 kg of lead (Liuet al, 2015).

More seriously, only 33% of lead-acid batteries in China are properly recycled by
official companies, while 67% are illegally recycled in hazardous and pgjluiays

(Chun, 2013). The uncontrolled lead recycling process increases the likelihood of a
negative impact on human health, such as developmental disorders and a lower 1Q
(Sanderset al, 2009). Therefore, lead recycling is the key challenge of using e-bikes.
One solution is to propose strict regulation for lead acid recycling (DillRosk,

2012). In addition, lithium battery technology should be further developed to improve
the environmental impact of e-bikes (Rose, 2012; Weetalt, 2007).

3.3.3 Health effects

Table 3.6 lists the health effects of PM2.5 (fine particulate maitem different

pollution sources. From the table, the emission factor of e-bikes is higher tha
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gasoline cars. The e-cars have the highest emission factor. The reasus i®that

the electricity generated by coal increases the emission factor inséh@hase of
e-bikes and e-cars (8t al, 2012). However, the health impacts of emissions from
e-bikes and e-cars should be much lower because most of the power plaats are f
away from where people live (&t al, 2012). In this case, e-bikes provide some
environmental benefits for China in terms of g@duction, less energy use, and less
emission factors, when e-bikes are used to replace the motorised vehicleg éChe
al., 2009). However, the e-bikes are the driving force of lead pollution in China (Van

der Kuijpet al, 2013).

Gasoline Diesel Bus E-car E-bike
car car
Emission factor (mg[personkm]%® 3 30 12 58 9
Kilometres travelled (km y?) 10%° 10%° 10%° 10%° 10%°
Intake fraction (ppm) 51 51 51 8.2 8.2
Unit dose (g deatf) 188 188 188 188 188
Total excess deaths per year 9 90 32 26 3

Adapted from: Jiet al, 2012.
Table 3.6 Example calculation: health effects of PM2.5 in Shanghai

3.3.4 Safety issues

Safety issues are perhaps the most controversial topic related to e-hikebese

also influence the direction of e-bike policy and regulation to a great eXteere

have been an increasing number of literatures focusing on e-bike safetyimssues
recent years, especially in China. Here, most research focused on fous theme
e-bike safety: 1) the perception of safety using survey questionnaires; 2) crash and
injury data analysis from hospital and government crash records; 3) conflict and
violation behaviour mainly using camera recorded observation at intersections; and 4)
possible solutions to increase safety levels by using comparison studies and

simulation.
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Perception of safety

Although e-bikes are considered as OdangerousO vehicles to the e-bike uskets (Tyfie
2014), some studies gave evidence that e-bike users feel safer usingothpaesd
with other two-wheeler vehicles. When e-bike users were asked why theytchsse
e-bikes, some of the respondents believed they are safer than met@yaey and

Cervero, 2007).

Another perception of safety analysis in Shijiazhuang found that female edgke
feel safer, while both male and female e-bike users feel thaspasd of e-bikes
causes some conflicts with ordinary bike users (Weikieal, 2007). Another study
by Lin et al. (2008) showed that travellers feel safer when riding e-bikes than when

riding bicycles.

Although e-bike users feel safer riding e-bikes, the results showed thatgtgestbi
annoyances to e-bike users were other two-wheeler vehicle users and not car drivers

and pedestrians (Weineat al, 2007).

A study analysis investigated user behaviour associated with crash histdouadd
that lower safety attitudes and risk perception was the main caude @ft-fault
crashes (Yao and Wu, 2012). In the e-bike studies in China, no study showed a

different perception of safety among the two-wheeleickef

E-bike crash data in China

The e-bike crash data used to examine e-bike related injuries are mainlydSoomte
traffic police and hospital records. Feetgal. (2010) provided the earliest study of the
relationship between the rapid e-bike development and the increase in ibyries

inspecting police crash data between 2004 and 2008. They found that the rates of
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mortality and injury increased by 6.5 times in 2004 and 3.7 times in 2008, whilst both
injuries and fatalities per 100,000 registered e-bikes slightly decreasec®bet@@4
and 2008. Then, the authors suggested improving current regulations to increase

safety levels.

A more recent study examined the non-fatal injury rate and mortality usipplibe
records of crash data from 2004 to 2010 (Zheingl, 2013). They found that e-bike
related non-fatal injuries increased four times, from 0.41 per 100,000 population in
2004, to 1.52 per 100,000 population in 2010, while the mortality rate per 100,000
population was decreasing over the same period. Furthermore, they employed linear
regression to predict that the e-bike related casualty rate would sigtijficecrease

by 23% per 100,000 population per year. The authors suggested that more efforts
were needed to reduce the e-bike related injuries, including mandatory legiflation

wearing a helmet, the requirement of a driving license, and mandatory insurance.

The e-bike user injury patterns were studied in a rural hospital in Suzhou over seve
months (Duet al, 2013), using data from 500 people who were hospitalized with
non-fatal injuries. Findings showed that e-bike related injuries accounted for 25% of
all the hospitalised injuries, with 57.2% of injuries from road crashes. In @uditi
fractures and head injuries were the main injury types. Head injuries icuparti
were associated with nighithe ebike crashes and collisions with motor vehicles. As

a result, the authors advised e-bike users to use helmets to prevent head injuries.

A comparison study between e-bike users and bike users was conducted noHefei
2009 to 2011, mainly through hospitalised records @t@al, 2014). This comparison
study showed that nearly 33% of e-bike users suffered severe injuries, comphared wit
only 17% of bike users. The injuries were caused by violating traffic rules. lioaddi
compared with small motor vehicles, the accidents caused by large motdesehi

increased the rate of severe injuries.
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Lu et al. (2015) focused on examining the characteristics of fatal e-bike crashes on
urban roads by analysing the crash reports (2010D2012) of Taixing City in China,
which explained the reasons behind these crashes. They revealed the following
findings: 1) most of fatal crashes were associated with e-bike useesana
behaviours, including driving on the motorway, red light running, and driving against
the direction of traffic; 2) fatal e-bike crashes were mainly relatedetivy goods
vehicles and smaller passenger cars; 3) e-bike users with a loweofl@dication
tended to display more aberrant behaviours; and 4) most night-time fatal crashes

occurred due to a lack of street lighting.

E-bike safety behaviour

The e-bike safety behaviour research is mainly studied using video-based otiservati
at signal intersections, because intersections are highly mixed by difiesieicte

users, which leads to more frequent aberrant behaviours. Most of the studied showe
that running red lights is the most commonly found violation behaviour. One of the
earliest studies (Wanet al, 2011) that investigated intersection behaviour revealed
that typical e-bike violation behaviours included running red lights, riding in the
wrong direction, waiting at improper positions, riding in improper lanes and
overloading in Shanghai. They further discovered that aberrant e-bike behaviours are
very closely linked with the traffic environmerg.g. traffic facilities, traffic signal
status, and other ridersO behaviours), but less associated with usersO stiuaracteri
(e.g.age and gender). They concluded that the violation behaviours of vehicle users
did not much differ under the same traffic environment. In addition, e-bike users had
more aberrant behaviours than users of other two-wheeler vehicles and tridgces.
result, they recommended encouraging the construction of traffic facibtiespiport

e-bike use and enhancing e-bike user safety awareness. A similar study #Qu

2013) identified the unsafe riding behaviours of e-bike users by observing more than
18,000 e-bike users at intersections in Suzhou. They found that the unsafe behaviours

included carrying passengers, riding on motor lanes, running red lights, talking on the
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phone, and riding in the opposite direction to traffic.

Another study (Wuet al, 2012) applied a similar approach and found that red light
running among bike and e-bike riders in China accounted for 56% of all the violation
behaviours, which was associated with both usersO demographic and situational
factors. In addition, e-bike users have a higher rate of red light running behaviour
(63%) than bike users (50%). They explained that the possible reasons could be: 1) a
general acceptance of red light running; 2) little general differentiationebat
e-bikes and bikes; and 3) the sampling sizes were too small to finatisticsl

difference of red light running behaviour between e-bike users and bike users.

A comparison study (Baet al, 2013) provided information of aberrant behaviour
among all the road users. They used video-based observation data as raw data, whi
was further distributed by the risk-taking behaviour of e-bikes users and bike users
and categorised to 16 types of conflicting movements, and then Poisson Regression
was applied to predict models for conflict. They found that 6.53% of e-bike users
showed red light running violation behaviours, which was higher than bike users
(4.66%). In terms of the 16 types of conflicting movements, they discovered that 75%
of the behaviours were displayed by medvehicle drivers, while the other 25% of
responsibility was evenly shared by bike users and e-bike users. However, e-bike

users had higher conflict rates than that of other bike users.

A study (Yanget al, 2015) used a hazard-based duration approach to examine when
and why e-bike and bike users run against red lights at signalised intarsectiey

found that most of the red light running violation behaviour was associated with
waiting time: 1) 21% of e-bike and bike users ran against red lights withdutgya)

more than 50% of riders waited for 49 seconds; 3) 25% of riders waited 97 seconds; 4)
e-bike users had a higher violation hazard and waited less time than othesdrige

5) male riders were more likely to display violation behaviours compared wiiide

riders.
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Although e-bikes have violation behaviour problems, much evidence shows that
e-bike safety outperformed that of motorcycles and cars (Liu and Sun, 2011). 77.7%
of conflicts were caused by the risky behaviour of motor vehicle drivers, white onl
13.2% of conflicts were caused by e-bike users and bike userst(&ai2013). Four
studies examined the speed of e-bikes in the mixed flow of e-bikes andTikes.

of them found that e-bike speeds were 40% to 50% faster than that of bikes (Cherry &
He, 2010; Linet al, 2008; Yanget al, 2014). One study found that the speed of
e-bike and bicycle flows was higher than that of pure bicycle flows duesthigher
speed of e-bikes (Zhaet al, 2015). These speed studies did not concentrate on safety

issues, but they provided empirical evidence of traffic regulation and control.

Possible solutions to increase the e-bike safety level

Due to the concern about e-bike safety issues, some studies gave pokdiolessto
increase e-bike safety levels by using regression analysis. An earlier studyetChe

al., 2010) examined the mixed flow of shared-use paths used by pedestrians, e-bike
users and bike users. They found that increasing widths of shared-use pathasmuld e
all types of traffic conflicts. As running red light behaviour veasommon violation
behaviour of e-bike users, a study (Zhang and Wu, 2013) examined whether installing
sun shades can decrease red light running behaviours. They found that the probability
of running against red lights without sunshields was 1.367 times higher thantthat w
sunshields when other traffic environment factors were controlled, but tlet effe
sunshields was significantly weaker on cloudy days than on sunny days. They
recommended installing sunshields for torrid climate areas to improve fisty sa
performance of e-bike users and bike users. Another study (Bbrad, 2014)
investigated the effect of flashing green light on the red light violatidva\beur.

They found that flashing green lights could give e-bike users more time to decide
stop and go during signal change intervals, which prevented some aggressive

behaviours. However, in the literature of e-bike safety in China, more detaiked dat
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are still needed. In addition, there is little knowledge of the causeaalttdahalysis

(Fisherman and Cherry, 2015).

3.3.5 The context in which désikeswas growing

Motorcycle Bicycle Private car Moped®
1985 NA 152.27 NA NA
1986 NA 163.45 NA NA
1987 NA 176.53 NA NA
1988 NA 177.54 NA NA
1989 NA 184.68 NA NA
1990 NA 188.59 NA NA
1991 NA 185.51 NA NA
1992 2.8 190.48 NA NA
1993 3.53 197.16 NA NA
1994 5.26 192 NA NA
1995 6.29 194.26 NA NA
1996 7.94 193.23 NA NA
1997 11.6 179.1 0.19 NA
1998 13.22 182.05 0.25 NA
1999 15.12 183.03 0.34 NA
2000 18.83 162.72 0.51 NA
2001 20.4 165.42 0.6 NA
2002 22.19 142.71 0.88 2.72
2003 24 143.55 4.25 1.36
2004 24.48 140.21 2.18 6.5
2005 25 120.04 3.37 9.54
2006 25.3 117.57 4.32 12.61
2007 24.81 NA 6.06 175
2008 21.39 NA 8.83 23.12
2009 22.4 NA 10.89 25.73
2010 22.51 NA 13.07 28.37
2011 20.13 NA 18.58 32.56
2012 20.27 NA 21.54 34.47

#Moped refers tobike, escooter, and gasoline scoote
Adapted from: Nanjing Statistics Bureau (2005-2015)
Table 3.7 Ownership of vehicles per 100 urban households, China 1985-2012

Table 3.7 shows the changes of ownership of various vehicles at a househald level
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China. The motorcycle ownership per 100 urban households increased from 1992 to
2006. In 2006, the motorcycle ownership per 100 urban households reached the
highest level, 25.3, taking 15 years. After that, the motorcycle ownership per 100
urban households decreased. The bicycle ownership per 100 urban households
increased from 1985 to 1993, and afterwards decreased. The highest level of bicycle
ownership per 100 urban households was 197.26 in 1993. The ownership of private
cars per 100 urban households increased from 1997 to 2012 with highest level of
21.54, taking 15 years. The moped (e-bikesomters, and gasoline scooters)
ownership per 100 urban households has increased since 2002. After seven years of
development, the moped ownership per 100 urban households has exceeded private
car ownership. After eight years of development, the moped ownership per 100 urban
households has exceeded motorcycle ownership. In 2012, the moped ownership per

100 urban households was 34.47.

3.3.6 Reasons for the rapid development of e-bikes in China

As ebikes rapidly developed in China, some researchers explored the reasons for the
e-bike transition phenomenon in China. A main factor is technology, particularly the
improvement in batteries and motors which enabled e-bike market growth (Wtinert
al., 2007). In the 1990s, the e-bike motors had to be changed every three months,
because their durability was very poor with high noise, low efficiency, and poor
slope-climbing ability (Huang, 1999). During 2003, brushless motors were developed,
which have a low material cost, low noise, higher efficiency and a veryifesgan
(10Db20 years) (Zhest al, 2006). In 2005, the sales of e-bikes increased to 15 million
(Zhenet al, 2006). In addition, lithium-ion batteries were developed to be lighter in
weight and smaller in volume compared with lead acid batteries. The technology

development of e-bikes provides a substantial market.

Economic factors included the income level of citizens, low e-bike puratesds,
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low e-bike operation costs, and high fuel costs (Weieewl, 2007). The income

level of citizens increased by 82% from 5,160 CNY in 1997 to 9,422 CNY in 2004
(Weinertet al, 2007). In 2014, the annual disposable income of urban households per
capita (CNY) was 28,844, which is 5.6 times more than the income level in 1997
(China Statistical Bureau, 2015). On the other hand, the average e-bike price in 2013
is similar to that in 2004, which ranges from 2,000 CNY to 3,000 CNY (Weaneit

2007; Xuet al, 2014). In this case, there is a huge reduction in the price of e-bikes
relative to the increase in income. Because of the usage of etgcthe operation

cost of e-bikes is much lower than that of gasoline scooters, motorcycleg publ
transport, and private cars due to the low electricity fare and high fugVéestertet

al., 2007).

Policy factors mainly included one national law which allowed e-bikeasat@!| on

the road and a national e-bike standard; this opened the door to the e-bike market
(Weinert et al, 2007). Some local government regulations of e-bikes were also
analysed, and divided into pro-e-bike policy (Shanghai and Chengdu), anti-e-bike
policy (Guangzhou), and neutral e-bike policy (Shijiazhuang). Another study @Ruan

al., 2014)alsofound that the government played an important role in its success, such
asnational safety law and national e-bike standard released from centrairgen,

and motorcycle bans from local governments. However, compared to government
support for the car and motorcycle industry, the support from government for e-bike

development was negligible and unsustainable (Dill and Rose, 2012).

Environment protections also an important factor fdiast e-bike growth. Theair
pollution is one of the reasons that motorcycles were banned in many areds, whi
created a market gap for e-bikes. On the other hand, since e-bikes are environmental
friendly, the e-bike users emphasised this point to oppose the e-bike ban policy in

some cities.

In addition, with the urbanisation and the increase of housing price, many chtexns
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to move out of the town, which resulted in the increase of the travahcis(@€heret
al.,, 2011; Wang and Chai, 2009). Meanwhile, the cost of public transport was
increasing (Weineréet al, 2007). In this case, e-bikes became a practical vehicle to

achieve personal mobility due to low purchase and operation cost.

Later, Weinertet al. (2008) further analysed the reasons for e-bike market growth,
separating the factors as driving forces and resisting forces. The drivingiaeea

policy that banned motorcycles, local policy support for e-bikes, the cost and
performance improvement of e-bikes, and a poor bus provision and service (Weinert
et al, 2008). The resisting forces were an e-bike ban policy, demand for motorcycles,
and support for public transport (Weinettal, 2008). They further proved that the
driving forces outweigh the resisting forces. Compared with previous studies, this
study provided a more comprehensive research of e-bike rapid growth reasons and the

challenges that e-bike transition may face in the future.

3.3.7 The limitation of e-bike studies in China

The previous e-bike studies in China have some restrictions. Firstly, the number of
studies in the characteristics of e-bike users is very limited. Mathedftudies were
conducted in 2006 and 2007. Nevertheless, in the period between 2006 and 2014,
e-bike sales in China increased dramatically from 18 million to 32.4 miBiorit, is
necessary to update the information of e-bike user characteristics. Secandly, a
criticised by Fishman and Cherry (2016), the studies employing survey questionnaires
display self-selection bias, because the survey questionnaire misthgibatly
dependent on e-bike ownersO responses. The bias needs to be minimised by using a
sample from the general e-bike user population in future studies (Fishman and Cherry,
2016). Thirdly, the existing studies do not provide information of e-bike use patterns,
changing behaviour, the anxiety felt by e-bike users, the feeling associdtagsing

e-bikes, the attitude of e-bike users, and how e-bike users position themsehes
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transport system. Fourthly, the previous literature normally did not adopt a unified
theory framework for analysis. To conquer these limitations and explore e-bike user
characteristics in a wide range of aspects, our research uses more than 1,000
guestionnaires which are designed on the base of semi-structured interviews.
Furthermore, the transition theory is used in our work for analysis of e-bike tansiti

in China.

3.4 Ebike research in other countries and areas

E-bike research in other countries and areas are also limited. They noaudgd on
its early adoption and niche market. Some studies analysed the charegtefist
e-bike users, and some provided safety information regarding e-bike adoption. In
addition, e-bikes are considered as a sustainable mobility to benefit lasalth

mitigate climate change.

3.4.1 Characteristics of e-bike users

Demographic information

Gender Age Education Income Other vehicle
(%F) ownership
North 15% Over 44 College graduate (37%) NA Bicycle
America (71%) Graduate degree (34%) (94%)
Australia  29% 41-60 University degree Over 75,000 AUD Car (90.4%)
(57%) and above (72%) (61%)
Austria 41% Over 60 Secondary Less thart 1,674  Car (85%)
(61.6%) education (57%) (64%)

Adapted from: Johnson and Rose, 20MacArthuret al, 2014; Wolf and Seebauer, 2014.
Table 3.8 Demographic information of different countries and areas

From Table 3.8 we can see that the demographic information of e-bike users in

different countries and areas are diverse. The ratio of female e-bikeiru$éosth
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America is only 15%. 71% of the total participants were over 41 years old, and 94%
of them had a bicycle (MacArthuet al, 2014). An online survey conducted in
Australia showed that only 29% of e-bike users were female (Johnson and Rose,
2013). The age distribution of e-bike users mainly ranged from 41 to 60 years old
(Johnson and Rose, 2013). In addition, 72% of them held university degrees and had
higher incomes than average population, and 90.4% of them had a car (Johnson and
Rose, 2013). The survey conducted in Australia found that 41% of the e-bike users
were female, which is higher than North America and Australia, whileatieeage
education of e-bike users was the lowest. 57% of the participants wereeedttat
secondary level and had a lower income (Wolf and Seebauer, 2014). In addition, the
majority of the participants were aged 60 years old and above and owned\olfar (

and Seebauer, 2014). Compared with e-bike users in China, the e-bike users in these

countries and areas tend to be older, are mainly male, and own a car.

Trip information

Some evidence shaa that e-bikes could increase trip frequency and distance. In
North America, e-bikes were found to increase cycling participation (MacAethalr,

2014). The survey result indicated that 55% of e-bike users travelled by bicycle
weekly or daily, while 93% of the participants rode weekly or daily since owmng a
e-bike (MacArthuret al, 2014). A comparison study in Norway randomly selected 66
individuals who were given an e-bike and compared them with a control group of 160
individuals with bicycles (Fyhri and Fearnley, 2015). The study found that thetrips

the e-bike user group increased and trip distances increased, while the control group
with bicycles showed no increase (Fyhri and Fearnley, 2015). In addition, the trip
distance in the group using a mixed e-bike and bicycle share system is 13% higher
than that in the group using purely bicycle share system (Langford, 2013). In addition,
the e-bike adoption increased the travel speed (Marchetti, 1994). In China, compared
with bicycle adoption, the trip frequency, trip distance and travel speed alscsettrea

following e-bike adoption (Cherry and Cervero, 2007; Weietdl, 2008).
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Reasons for e-bike adoption

Similar to the reasons for e-bike adoption in China, the key benefit of e-dlsikes
identified as being able to Omaintain speed with less effortO,l@anth@lusers to
travel more comfortably with less exertion (Popovihal, 2014). E-bikes were
viewed as promising vehicles to provide mobility to those who, due to physical
limitations, could not ride bicycles (Inagadd al, 2012; Langforcet al, 2013; Rose,
2012). Both MacArthuet al. (2014) and Johnson and Rose (2013) found that e-bike
adoption helped to conquer some of the commonly cited barriers to bicycle riding,
which increased speed and reduced physical exertion. In addition, He¢iake(2010)
identified the barriers of bicycle adoption as Otopography, distance, and time
limitationsO, while e-bike adoption mitigated these negative factorgh Hi
temperatures, poor air quality and precipitation also pushed travellers tdremift
bicycles to e-bikes (Campbell, 2012). In addition, a study in Austria found that other
important reasons for e-bike adoption were social contexgsg positive attitude to
e-bikes), the environmental benefits, and more health consideration for leisure use
(Wolf and Seebauer, 2014). Last but not the least, the most cited reason Ker e-bi
adoption was its potential as a replacement for motor vehicle use tralfeusnd

North America (Johnson and Rose, 2013; MacArtual, 2014; Popovictet al,

2014).

3.4.2 Safety issues

The perception of safety

Similar to the studies in China, e-bike safety perception studied in other countries
supported that e-bikes were safer than bicycles. MacAethair (2014) found that 60%

of e-bike users felt safer using an e-bike and 42% felt that e-bikes hatbdssi
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avoiding crashes. MacArthuet al. (2014) further explained that compared with
bicycles e-bikes could accelerate to get out of an intersection quickly ,ukeegh
car traffic, and have a better balance at higher speeds, which enhartcaffibe

safety.

E-bike saféy behaviour

The research regarding the safety of the e-bike usersO behaviours in other countries
and areas is very limited. A safety study found that the rate of risky lehavas
relatively high on intersections (Johnsehal, 2011). Popovictet al. (2014) found

that e-bike users were more likely to display traffic violation behaviour cowchpare
with bike users in the USA. Webet al. (2014) used police-recorded accident data in
Switzerland to analyse the characteristics of e-bike users and founithdiavere

most frequently involved in single accidents related to higher velocitiesore

recent study (Dozzat al, 2014) also found that higher velocities were the main
reasons behind e-bike accidents. They suggested that increasing e-bike conspicuity
would be the easiest and most obvious way to improve safety for e-bike usezra (D

et al, 2014). However, Langfordt al, (2015) argued that e-bike and bicycle users
behaved very similarly at intersections, violating at about an equal rétes® using

GPS equipped e-bikes and bicycles in the USA. In addition, a study on thedfafet
e-bikes and bicycles found that crashes with e-bikes and bikes were aleguialyg

severe (Schepeet al, 2014).

3.4.3 The promotion of e-bike adoption

As discussed previously, e-bikes entered niche markets in other countries and areas.
As a result, some research examined the benefits of e-bike adoptionererdiff
aspects, attempting to promote the use of e-bikes and achieve a sustaimabbf
mobility. There are two main reasons for e-bike adoption promotion. One is the heal

impact, and the other is the environmental impact.
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Health impact

Several studies measured the impact of e-bikes on health, especiatigreasing
physical activity. An earlier study (Simoes al, 2009) conducted in the Netherlands
measured the physiological variables of e-bike use in three differengsefvithout
any power assistance, on eco mode, and on the most electrical assiStaacesult
showed that all three power settings provided a necessary increase ialpdugtsicty

to help reduce the likelihood of developing sedentary lifestyle diseasesn&tral,
2009).

Another study (Gojanoviet al, 2011) testd sedentary subjectis four different trips

at a seHselected pace: walking, biking, using e-bikes at a high power setting, and
using e-bikes at a lower power setting. This test investigated wheltilexsein a hilly

city allowed sedentary subjects to commute comfortably and makei@enifeffort

for health enhancing purposes. They found that e-bikes were comfortable and had
ecological transportation modality, making usage easier and needing only foitd ef

to climb hills. As a result, it is possible to promote e-bikes in dlestgang urban
environment thanks to their physical and environmental benefits (Gojaabailg

2011). Usinga similar approach, Sperliclet al. (2012) found that the energy
expenditure of e-bike users were within the range necessary for health enhancement
In addition, de Geu®t al. (2013) found a positive physiological change after a

six-week period of e-bike adoption.

Environmental impact

E-bikes are widely regarded as an effective approach to mitigate ¢lotsedf climate
change compared with the usage of gasoline motor vehicles. In the UK, &ialce
(2013) found that if e-bikes were used to replace all carwithsa travelling distance

of less than three miles, 3140 kWh of energy would be saved and 748 kg, of CO
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emissions would be reduced. They also conceived that e-bikes were safe ftor

urban commuting or other purposes within a practice area of 5.5 square miles. In the
USA, an e-bike sharing project was established to develop a sustainappottation
system at the University of Tennessee campust @i, 2014). In Sweden, Collads

al. (2015) found that 5% of commuting trips using cars could be substituted by

e-bikes, and 4% of the trips less than 10km could be replaced by e-bikes.

E-bikes also reduce energy consumption. This point was verified by a case study
conducted in Lisbon, Portugal (Baptigtaal, 2015). In the analysis of Well to Wheel
energy consumption, e-bikes only consumed 011%, 3%, 1%, 2% and 4% of the
energy requirement when adopting low powered electric vehicle, standard electric
vehicle, conventional gasoline and diesel technologies and bus, respectively®
(Baptistaet al, 2015). As a result, the Well to Wheel emission of e-bikes was lower
than that of five types of vehicles, especially when concerning thee@i3sion and

NOx emissions (Baptistat al, 2015). In addition, e-bikes increased the average
speed by 8%-26 % comparedth bicycle riding, especially, for the slope routes
(Baptistaet al, 2015). As a result, the authors suggested adopting e-bikes for longer
distances and hilly paths in the urban areas to achieve a sustainabtd foansport,

that was faster and more comfortable (Bapestal, 2015).

3.5 Conclusion

Due to the e-bike inequality sales in China and other countries, the studied e-bike
literature themes vary accordingly. In terms of the characteristics &kaisbers, the
e-bike users in China tend to be young career-aged commuters, while e-bike users in
other countries tend to be elderly people who use them for leisure purposesfin all
the countries, e-bikes increase the travel distance and travel frequencgnairhe

reasons for e-bike adoption are high speed with less effort.

64



E-bikes face issues with lead-acid pollution and electricity genenatiGhina, while
many countries treat e-bikes as a solution for sustainable mobility. In oérsagety
studies, running red lights is the main traffic violation behaviour in China, \wigle
speed is the main problem in other countries. The health study in China provides very
limited information, while e-bikes are proved to increase physical aesvii other

countries.

In addition to okain current knowledge of Oe-bikesO from existing e-bike literature,
we alsocompare them with our research result for further analysis and discussion.
Moreover, the survey questions in the previous research are a very helpful reference

for our questionnaire design in the Nanjing case study to answer RQ3, RQ4 and RQ5.

Although successfully applied to a wide range of transitiorrge®esthe transition
theory was still not useth previous e-bike research. Our work will fill this research
gap by adopting transition theory to analyse the e-bike development in China (RQ1

and RQ2).

Most of the survey questionnaire studies lead to self-selection biad) wdudd be
improved by using larger samples and more even sample distribution. Hence, our
study used 1,053 questionnaires in Nanjing City to provide a comprehensive study of

e-bike use pattern (RQ3, RQ4 and RQ5).

Also, the surveys in the previous work have a limited question scope, sudiikas e
battery technology issues and attitudes to e-bike regulation, the irdesabBtween

e-bike users and other model vehicle users, charging use patterns, and so on. These
are the important mechanism of the rapid development of e-bike in China (RQ5) and

therefore will be included in our survey questions.

65



Chapter 4

Research Design

4.1 Introduction

The aim of this chapter is to describe and justify how our researchigneesand
conducted. The research designreferred to as Othe overall strategy that the
researchers choose to integrate the different components of the study irrentcohe
and logical wayO (Bryman and Bell, 2011). The aim of the research design is to
provide a framework for data collection and analysis, which means thaesa st
choices for collecting the evidence are needed to answer the researanguesler

investigation ay, 2011).

Data collection method:

Secondary data, Research Philosophy:

Semi-structrued interview, o . . .
Choice: Critical realism

Mixed

Survey questionnaires

Methods

Figure 4.1 The research onion of our research design

The research design can be described by a research OonionO (Saahgd@G12)
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which consists of many layers: the outer layer is the philosophical stenicé
underpins the research design, which sequentially determines the inner lalesis suc
research approaches, research strategies, research choices, and datan cafiéct
analysis methods. This OonionO sequence of methodological enquiry is widely
accepted in academia (Saundetsal, 2012; Kelemen and Rumens, 2008). The
research design onion of the thesis is shown in FigureAd.the figure shows, in the
research desigwe adoped critical realismas our philosophy stance, and empsoy
abductive approaches, case study strategies, and mixed methods. In additioia, the da
collection methods we used were secondary data, semi-structured intervieéws a

survey questionnaires.

To clarify and justify our choices in the research design, the chapteucsustd
according to the research OonionO of our work (from the outer layer to inner layer).
Section 4.2 explains the rationale behind the selection of criticasmeaBection 4.3
justifies the choice of case study strategy. Section 4.4 demonstratesa/hpw the

mixed method approach is used. The phases of the research are alsd ciaitiie
section. Section 4.5 describes and justifies the data collection mathedponding

to each research phase. The forms of daiection include secondary data,
semistructured interviews and survey questionnaires. Section 4.6 provides the criteria
to evaluate the quality of the research design. Finally, section 4.7 exghlaiethical

considerations of the research design, followed by the conclusion section.

4.2 Rationale for the selection of critical realism

Philosophy concerns the basic issues about knowledge, reality and existences(Thoma
2004). It provides Othe version of what exists and therefore how we can go about
seeing itO. It also influences researchersO judgment about good or bad research
(Mason 2002, p. 6). In the domain of methodological enquiry, philosophy usually

covers ontological and epistemological assumptions. The former issueleionrée
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the nature and essence of the nature world, and the latter involves howcthls s
reality can be known and how knowledge can be demonstrated (Bryman and Bell,
2011). Ontological and epistemological assumptions are often intertwined, and have
different forms of combinations that further generate the core of variougatesea

paradigms.

4.2.1 Critical realism

The philosophy stance of the thesis is critical realism. Saunders (198&)nexpl
critical realism as Ounlike empiricist/positivist approaches whieh cawsality in

terms of correlation between events (whenever A occurs then so too does BY), reali
philosophy argues for a conception of causality in terms of generative mechanism
Theoretical progress thus entails identification of the Onecessarp@nisms that

tend to produce given tendencies. The fact that such tendencies may not become
manifest in observation is that the operation of contingent factors cantiedresed

obviously but their effects can be examined in given empirical cases.O

As Saunders claimed, critical realism should be distinguished from pssitivi
Critical realism refutes the positivistsO model of causation. Crigiaiém points out

that Ogenerative mechanismsO are the underlying factors which produce given
tendencies, and that the reasons why these tendencies are not observetbis due
contingent factors in operation rather than the failure of repeated empirical
observations. Bhaskar (1986) further pointed out that believing positivism is an
epistemic fallacy, because positivism believes that an eventbeannderstood
through repeated empirical observations. This viewpoint is also supported by Sayer
(2000) who argued that the number of times researchers empirically observe an event
does not help to understand what causes it. In addition, positivism confuses the
ontological matter of what exists with the epistemological mattowafwe can know

it (Archeret al, 1998).
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Unlike positivism, critical realism supposes that the world existengently of our
thoughts and perception. Critical realism also believes that the reatityatification
(Bhaskar, 1998). An event can be explained through underlying structures and
mechanisms. Structure has causal powers. Mechanism is a force #rge®ritom
the structure (see Figure 4.2). A mechanism will exist whether it is tedge not.

When the mechanism is triggered, it gives rise to an event.

effect/event

mechanism

conditions (other mechanisms)

structure

Adapted from: Sayer, 2000.
Figure 4.2 Critical realistsO view of causation

Critical realism divides the dimensions of knowledge into the OempiractdO, the
Oactual worldO, and the Oreal worldO (Bhaskar, 1978). The OempiricalO wdrld is wha
we are observing and experiencing (Bhaskar, 2008). The OactualO world is the causal
powers of the empirical world. The OrealO world is referred to as thés clojec
unrealised powers underlying the OactualO and the OempiricalO world (Archer, 2002).

See Table 4.1.

Domain of Reality Domain of Actuality Domain of Factuality

Mechanisms !

Events ! !

Empirical Experience ! ! !

Adapted from: Bhaskar, 2008.
Table 4.1 Three ontological domains for scientific investigation

From the perspective of critical realism, the proper role of scienoauisderstand the
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real domain. As the reality cannot be fully understood through perception (the
empirical domain), practical and theoretical work can help reveal what directly
observable (generative mechanisms) (Bhaskar, 2002). In terms of social science
studies, critical realism agrees that social phenomenon can be studigifically

with an epistemological caution with regard to considering scientific kuigele
instead of a fundamental rejection of it. This differs from positivigs.social
constructionism, critical realism acknowledges that social phenomehasactions,

texts and institutions are concept dependent (Sayer, 1992; Bijlkér1987). Alsojt

does not deny subjective influences or standpoints and the researcherOsrgexial ¢

but unlike most subjective epistemologies that deny an Oobject trutlo@), reitism
understands that a mind-independent reality exists (Lopez and Potter, 2001). In
addition, critical realists suggest that researchers should examine sihlgjsetive
influences and standpoints in order to guard against forms of projection antbselect
that misrepresent our objects (Sayer, 2000). From critical realistsO peespélt

realist social science requires reflexivity (Hammersley and Atkinson, 1995).

In practice, critical realism allows the use of both qualitative andtgjatve methods

to deal with and make sense of complex, evolving problems (Sayer, 2010). This is
because extensive research and intensive research are successfulliyedompi
critical realism. Extensive research identifies the phenomenon, whiéasine
explores the mechanisms and structures of the event. As a result] ceiéltsm

enables in-depth research.

4.2.2 Transition theory and critical realism

The theory base of our work is the transition theory, whose main framework is the
Multi-Level Perspective (MLP) and provides a tool to interpret and understand the
nature of socio-technical transitions to sustainability. There are soossowers

between theMLP and the critical realism. This point can be clarified via GeelsO
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responses to othersO criticisms on the MLP.

Smithet al. (2005) criticised the MLP and suggested that it should pay more attention
to agency of actors. Genus and Coles (2008) argued that the MLP does not combine
well with constructivist approaches, such as actor-network theory, constructive

technology assessment, and the social construction of technology.

Causal agent Causal mechanism
Rational Choice Individual, selfinterested actors Decentralised choice by instrumenta
rationality
Evolution Agents in population Variation (search), selection, retentic
Structuralism Taken for granted deep structures  Deep structures operate Obehind th
(belief system) backsO of actors, influencing their
views and preferences
Interpretivism/ Individual actors with varying ideas Social irteraction, construction of
Constructivism and interpretations shared meaning, sens@king,

learning, debates

Functionalism Social system Actors fulfil system needs, enacting
(systems theory) roles, tasks and norms

Conflict and power  Collective actors (groups, classes) Conflict and power struggle between
struggle with conflicting interests different collective actors
Relationism Networks and ongoing relations Interaction, ceconstruction,

translation, aligment

Adapted from: Geels, 2010.
Table 4.2 Foundational assumptions in different ontologies

In response to the criticisms of transition theory, Geels (2010) reflectéchtisgion
theory on the seven social science ontologies: Rational Choice, Evolution,
Structuralism, Interpretivism/Constructivism, Functionalism, Systems Theory,
Conflict and Power Struggle, and Relationalism (Table 4.2). Geels (2010) discussed
the similarities and differences amongst the seven social sc@rioigies. He
argued that there exists a crossover between the MLP and evolution theory loécause
the concepts of niches, regimes and trajectories. The MLP also slanes s
similarities with interpretivism and constructivism as these commooitain the

following factors: 1) regimes as OrulesO; 2) creative actors; 8)actol process:

71



interactions between social groups; 4) emphasis on learning and networks. lafterms
research agenda, there exist crossovers connecting the MLP with Conflichweed P
Struggle and Structuralism. Compared with conflict and power, the crossovers appear
in social movement theory and strategic games between niche and regirse Boe

MLP and Structuralism share similar elements such as culture ideolpgytoiee at
landscape level, cultural sociology and discourse theory, and the importance of
legitimacy and performance on the public stage. Inspired by the comparison of the
MLP and seven social science ontologies, there are crossovers betwbtrPthed

critical realism in the aspects of interpretivism and structuralidetailed as
interactions between social groups, networks, and discourse theory. Because the MLP
is based on these crossovers, agency in the form of bounded rationality (routines,
trial-and-error learning, search activities) and interpretive activities lhaysabeen

considered in the MLP (Geels, 2011).

The response to the criticisms of transition theory explains the ontology bflLiRe

and its position amongst the main general ontologies in social sciencengnsdoiit

helps to better understand the similarities and differences betwebtLEhand other
general ontologies, which provides a comprehensive understanding of the MLP, for
example, how the MLP considers the role of agency, how the MLP dealsheit
interactions between social groups, networks, and discourse theory, and how the MLP
proceeds and forms a model from the observation and data collection in theaphysi
and social world. In this case, when the MLP is applied to e-bike tcansiudy, it
inspires to explore the e-bike transition in a wider range of dimensions, inchuaiing
e-bikes are interacting with other actors, how e-bikes are embedded in tiporrans
system, and what is the mechanism of e-bike transition. Consequently, Exéé\fis

to shape the research method and analyses e-bike transition in the network of
socio-technical system, including culture, policy, infrastructure, users prantacket,

industry, science, and technology.

Finally, Geels (2010, p. 495) considered the MLP, not so much as a Ogrand unifying
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theoryO, but as a Omiddle range theoryO which is identified as Otheomeslimte

to the minor working hypotheses evolved in abundance during the day-by-day routine
of research, and the all-inclusive speculations comprising a master cohseparaeO
(Merton, 1968, p. 5). Later, the Omiddle range theoryO is refined by Boudon (1991)
who states that Oit explains, consolidates and federates in engrt&ahat would
otherwise be unconnected without attempting to identify some overarching
independent variable or some essential feature of the social struciodes
examinationO. In other words, the MLP transition theory is a Omiddle thedryO tha
starts with an observation in the physical and social world, and then prdoeeds
explore the underlying mechanisms and structure of the social-technicatidransi
from this reality which can be seen to be helpful through collected datds(@610).
Hence, the MLP shares the same lens of critical realism to exjpleranderlying

mechanisms and structure of the event.

4.3 An abductive case study strategy

After the philosophy stance choice justification, this section furthevislthe OonionO
procedure for research design and addresses the rationale of the research apgiroach a

research strategy choice.

4.3.1 Research approaches

The deductive approach, inductive approach and abductive approach are three
common research approaches in the field of social science study (Bryman bnd Bel

2011; Saunderst al.2012). The details are presented in Table 4.3.

The deductive approach is the dominating research approach in natural science and

presents a positivistOs way of knowing (Saureteak 2012). The research process is
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based on the thinking of positivism. The deductive approach verifies ordalsifi

theory by testing hypothesises from theory to observations/findings (Blaikie, 2010).

Features Deductive Inductive Abductive

Closely related Positivism Constructionism  Critical realism
philosophies

Objective To test theories, to  To build To understand social

corroborate true ones descriptions of reality with reference to
and getid of false characteristics anc social actors© meanings

ones patterns and motives
Generalisability Generalising from Generalising from Generalising from the
the general to the the specific to the interactions between the
specific general general and the specific
Contributions to theory ~ Theory verification ~ Theory building  Theory building or
or falsification and generation modification
General process Theory Observations Theory!"
" " Observations
Hypothesis Produce "
" descriptions Generate or modify an
Data collection " existing theory
" Relate these to "
Findings research question: Observations/data
" " collection
Hypotheses Theory building "
confirmed or rejected Relate these to researct

questions/Data analysis
Revision of theory "
Iterative theory

development

Adapted from: Bryman and Bell, 2011; Saundetsal, 2012.
Table 4.3 Characteristics of research approaches

The inductive approach reflects an antithetical process of OknowingO (Bryman, 2008).
Philosophically, it is anti-positivism. The inductive approach begins with the
observations of characteristics and patterns of social reality, producingtiess to

the theory (Kovics and Spens, 2005). Then the descriptions are analysed with
proposed research questions, which further contribute to theory building. The

inductive research is philosophically rooted in constructionism (Blaikie, 2010).
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The abductive approach accepts both the deductive and inductive approachht® test t
plausible theory, which shares the basic thinking of critical realismeésbn and
Deetz, 2000). The abductive approach not only contributes to theory testing, but also
contributes to theory building (Dubois and Gadde, 2002; Sauetie&s2000). The
abductive research starts with observations or theory. Then, these observataoe data
utilised to generate or modify a plausible theory. After that, a new round of
observation and data collection begins. Through data analysis, the plausible theory
will be revised or further developed. The abductive approach accepts both the
deductive and inductive approach to test the plausible theory, which sharesithe ba

thinking of critical realism (Robson, 2002).

As these three research approaches are based on different philosophy perspectives
they are used for different research purposes. The deductive approach is only used for
description. Inductive and abductive approaches can be used for both exploration and
description. The thesis uses the abductive approach to explore and describe the
phenomenon of e-bike transitions, because 1) the abductive research procets best fi
the research purposes which are theory building and theory testing, 2) it is obnsiste
with the philosophy perspective of critical realism, 3) unlike the induciypeoach,

the abductive approadk concerned with understanding (Blaikie, 2010), and 4) the
abductive approach accepts the existing theory and a less theory-driven research

(JSrvensivu, and T3rnroos, 2010).

The abductive approach is conducted in the research as follows. Firstly, tke e-bi
transition phenomenon is observed. Secondly, the MLP is taken into account to
explore and explain the phenomenon. Thirdly, Multi-scalar Transition Theory is
proposed. Last but not least, through empirical data collection and analy$W,Fhe

and the Multi-scalar Transition Theory are further developed.
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4.3.2 Case study

The advantages of the case study

Consistent with theekection of critical realism as the research rationale, we adopted a
case study method in the thesis. There are various definitions of adge Ist this
research, case study strategy is defined as Oa research method thas involve
investigating one or a small number of social entities or situations alboch data

are collected using multiple sources of data and developing a holistigptieac
through an iterative processO (Easton, 2010: 119). Case study strategy is widely used
in many disciplines, such as sociology, politics, psychology, business andrec®no
(Yin, 2003). A merit of the case study is that it can be used by both qualieid
guantitative researchers. The concept of case study is justified by bathtyeaand
guantitative researchers, varying according to their versions of case study design on
respective philosophical perspectives (Piekkail, 2009; JSrvensivu and Trnroos,
2010). Especially, case study strategy is preferred when investigating a contgmpora
phenomenon within its real-life context (Yin, 2003), as is the case for thieee-bi

transition.

From the aspect of research philosophy, a case study tolerates continei@csiants
between an empirical world and a model world (Dubois and Gadde, 2002; Gibbert

al., 2008). The case study research process is integrated with theory generation and
modification, which provides in-depth insights to the research (Yin, 1989). Hence,
case study strategy has advantages in answering OwhatO, OhowO and &ralyO rese

guestions (Yin, 2003; Saundetal. 2012).

Case studies in the MLP

Case studies are predominantly applied in the MLP reseaxttie main analytical
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tool in the description and exploration of structures and dynamics within the MLP
framework (Geels, 2002; Wells and Nieuwenhuis, 2012). Case studies in ther®LP a
in the form of a single case (Geels, 2005; Lauridsen and J¢rgensen, 2010) and
multiple cases (Geels and Kemp, 2007; J¢rgensen, 2012), both of which can offer

insight into the nature of the phenomena with large data (Easton, 2010).

The format of the MLP (Geels, 2002) is designed to analyse the traqsibogss that

a radical innovation is introduced on the niche level and with the landscaseingre

and regime structure change, the radical innovation breaks out of niche levieéand t
enters the regime. This is closely relevant to the e-bike transitionsgrddence, the
intention of this thesis was to develop the MLP case study formais(G0?2).
However, the MLP approadls under the assumption that radical innovations enter
the regime because of technology development, network benefits and government
intervention. Individual behaviour and social factors have been neglected in the

theoretical framework and in the case study format.

Attitudinal and behavioural data from individuals in case studies

The attitudinal and behavioural data from individuals, especially the dateefinke
users and non-e-bike users, are intensively involved in this thesis. One aigbesre
is because of the difficulty to get access to other actors, such as pali®yrs, e-bike
manufacturers, and Non-Government OrganisatibiG(dg. But a more important
reason is that e-bike users and non-e-bike users played a kay tloderapid growth

of e-bikes in China.

Firstly, the e-bikes users in China have their own distinctive use characsesisich

are worthy to explore. For example, e-bikes are usually adopted for utility use
(commuting, and access to services) in China (Weiekedl, 2007a; Cherry and
Cervero, 2007; Wangt al, 2013; Rose, 2012; Yet al, 2014; Zhanget al, 2014),

whereas e-bikes are mainly adopted for leisure use in other countries @Riatce
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2013; Johnson and Rose, 2013; HZran, 2014). In addition, many questions remained
to be answered, such as why e-bikes are chosen, how e-bikes set in thégé#ily |
advantages of e-bike adoption, the disadvantages of e-bike adoption, the feelings

associated with e-bike adoption, and the impression of e-bike users.

Secondly, the e-bike transition process in China has its own charactehstlt is
different from other main socio-technical transition studies. Many transtudies in

other countries stated that positive policy interventisas a crucial factor in
promoting sustainable technologies, production systems and consumption patterns,
while the e-bike phenomenon in China occurred without the national governmentOs
strong support. The attitudinal and behavioural data from individuals provide more

comprehensive information about e-bike transition.

Thirdly, very few e-bike research studied the attitudinal and behavioural rdata f
e-bike users, and these are the underlying reasons for e-bike transition. Sonse studie
attempted to explore the reasons for the rapid growth of e-bikes in China on a
macro-level, through studying the factors of environmental implications, economic
growth (Weinertet al, 2008; Rose, 2012), and the trip purposes of using e-bikes
(commuting and access to services) (Weiredl, 2007; Cherry and Cervero, 2007;
Wanget al, 2013; Yeet al, 2014; Zhanget al, 2014). However, these factors alone

are still not sufficient to understand why e-bikes achieved such a rapid ghtarii.
guestions remain unclear, such as why e-bikes are chosen, how e-bikes are used in
daily life, the advantages/disadvantages of e-bike adoption, the feelingel reda

using e-bikes, and the public perception of e-bike users. These questions can be
answered through the collection and analysis of attitudinal and behaviour&iodata

e-bike users.

In this case, this thesis explores the individual attitudes and travelitiehen China
within the theoretical context of the Multi-Level Perspective and Mghilar

Multi-Level Perspective. It is different from the previous individual mode aghoi
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studies in the social-psychology and geography literature in the following aspects:
The thesis investigated a wider range of influencing factors of e-biketimandihe
majority of previous individual mode choice studies examined the influenaigda

of travel behaviour, such as urban form, social-demographic variables, psycho-social
variables, and pricing, whereas our work further includes policy, industry, market,
user practice, more social-demographic variables, and more psycho-social variables,
to embed the e-bike users within a socio-technical transition frameworkeZh&sis

does not only study the e-bike usersQ attitudes, but also takes into accattitidies

of other vehicle user groups (car drivers, bicycle users and pedestrians) and traffi
police. In doing so, the results of the Nanjing case study provide a more
comprehensive view and large quantity data to understand the embeddenessof e-bike

in the transport regime in China.

4.3.3 Scope and Unit of Analysis for the case study

Historical Context

China

Embedded Unit of Analysis

1: Beijing (mini case)

Embedded Unit of Analysis

2: Fuzhou (mini case)

Embedded Unit of
Analysis 3: Nanjing

Figure 4.3 An embedded single case study

The case study and unit of analysis should be defined within its contextprbject
is based on an embedded single case study on the e-bike transition in China (Figure

4.3). Themain unit is China as a whole, the smallest units being the sevees citi
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(Nanjing, Beijing, and Fuzhou). At each level of analysis, different datactiohe
techniques are used, ranging from secondary data analysis to survey analysis (see
Section 4.4). The main unit of the case study and the three embedded anétysis
concentrate on the policy actors and organisations that engaged in the e-bikertrans

process.

The main strength of the case study approach isithallows the use of many
different sources of evidence, including semi-structure interviews, questionnaires
observation, and documentary sources (Yin, 2003). This increases the flexibility of
the research and enhances the reliability of the results, and convergdsller a

picture of the processes (Dubois and Gadde, 2002; Bryman and Bell, 2003).

Case studies provide a fertile ground for abductive approaches by enhancing the
interactions between theory and empirical world (Ritchie and Lewis, 2003).udowe

the case study strategy must be implemented and combined with the appropriat
methods. In practice, the case study is often treated as a methodsmnsplgcting a
specific region or organisation and deciding to study it, so it will not provide dat
directly (Yin, 2003; Bryman and Bell, 2003). Therefore, research methods are needed
to collect data when a case has been selected. In this researchymetkeds served

for this purpose, by collecting data frasemistructured interviews, questionnaires

and documentaries.

4.4 Mixed methods approach

The mixed methods approach is defined as Othe research seeking to etaborate
expand the findings of one method with another methodO (Creswell, 2003). The
mixed research methods approach is philosophically rooted in critical realism,
allowing the use of both quantitative and qualitative methods (Table 4.4)&les

2003). As a result, the mixed method approach provides a more elaborated
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understanding of the phenomenon of interest with greater validation (Creswell and

Clark, 2011).

Tend to or Qualitative approaches  Quantitative Approaches Mixed Methods
Typically Approaches
Philosophical Constructivist Postpositivist Critical realist
assumption

Employ strategies =~ Phenomenology, grounde Surveys and experiments  Sequentialgoncurrent, and

of inquiry theory, ethnography and transformative
narrative
Employ methods Openended questions, Closedended questions, Both openand

emerging approaches, tex predetermined approaches, closedended questions,

or image data numeric data both emerging and
predetermined approaches,
and both quantitative and
qualitative data and analysi:

Adapted from: Creswell, 1997.
Table 4.4 Qualitative, Quantitative and Mixed Methods Approaches

The main challenge of using a mixed methods approach is how to fully intdgyeate
guantitative and qualitative research methods, and how to combine differtoidse

and data to fit the research questions (Bryman, 1988; Denscombe, 2008; Tashakkori
and Teddlie, 2010). There are two possible sequential procedures for the mixed
methods approach. One starts with a qualitative method for exploratory purpose,
followed by a large sample quantitative method (Creswell, 2003). The other begins
with a quantitative method to test a theory, followed up with a quaétatiethod for

a detailed exploratory with a few cases or individuals (Creswell, 2003). In our
research, the first sequential procedure is applied. That is, the study vsitdrt
secondary data and semi-structured interviews, and then undertakes a largeosample
surveys. More specifically, we implemented the mixed methods through following
stages 1) Secondary data were synthesised to explore the e-bike transition at the
national level (China) and the city level (OminiO case studies afgBaijd Fuzhou)

2) Exploratory Research 1 was undertaken baseseamstructured interviews; 3)

Exploratory Research 2 was carried out ussegnistructured interviews; and 4)
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Nanjing case study used survey to collect data and adopted statistics foodizta

analysis. See Table 4.5.

Stage Name Location Data Collection Research Purpose
Stage 1 Case Study 1 China; Secondary Data AddressRQ1 and RQ2
Beijing, China;
Fuzhou, China;
Stage 2 Exploratory  Cadiff, UK Semistructured Help design interview question:
Research 1 Interview in ExploratoryResearch 2
Stage 3 Exploratory  Nanjing, China Semistructured Help design questionnaire i
Research 2 Interview Case Study 2
Stage 4 Case Study z Nanjing, China Questionnaire  Address RQ3, RQ4, and RQ5
Survey

Table 4.5 Research design of the thesis for the e-bike transition study

The first stage used secondary data to address RQ1 and.&@2amined whether
the development of e-bikes in Chiveas spontaneous and identified the e-bike
transition pathways. The research units are Chirthe national level, and Beijing

and Fuzhowatthe city level.

The second and the third stages, Exploratory Research 1 and Exploratory Research 2,
used semi-structured interviews. Theyl ahot really seek to answer the research
guestions directly. These exploratory pbswere intended to test whether our ideas
about the topic and the ways in whiale might investigate the ideas were indeed
valid. More importantly, they helped inform the ultimate design of the questrennai
used in the large sample in Nanjing. For example, the answers of the regpdnde

the interview questions in Exploratory Research will appear in the respoagerczd

of the survey questionnaires in the following step.

There are some differences between Exploratory Research 1 and Exploratory
Research 2, particularlyn research purposes. Exploratory Research 1 was a
preliminary research step, in which Chinese citizens were involved as dime m

sample group. In addition, in order to gather a wide range of opinions on e-bikes,
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non-Chinese people from other countries were also selected. The result of t&xplora
Research 1 offered us an overall view of e-bike transition from a global p@rspec
and widened the view of e-bike transition process study in China. The main purpose
of Exploratory Research 1 was to design and modify the semi-structured interview
guestions for Exploratory Research 2. In Exploratory Research 2, we interviewed
e-bike users, non-e-bike users and e-bike retailers. The result providedolid data

of understanding e-bike transition in China. They were used to test the dsssmpt
underpinning the survey questionnaire and help design the questions for the
guestionnaire of Nanjing case study. Since the aim of the stageovsmjpe the
guestionnaire design in the Nanjing case study, the interview of Exploratoryrétesea

2 wasalso undertaken in Nanjing.

The final stagavasthe key stepn our research, Nanjing case study, which collected
data with survey and performed quantitative analysis. The reasons why we chose
Nanjing for performing surveys included: 1) As the capital of Jiangsu province,
Nanjing is an important city in China with developed economics; 2) Nanjiadase

for e-bike industry in China, concentrated with a large number of e-bike manufactures
and retailers; 3) E-bikes are widely used in Nanjing; 4) The author has memysfri

in Nanjing who can help distributing and collecting questionnaires.

The aim of the Nanjing case study was to address the following respagstions: a)

How are e-bikes embedded in the current transport regime? b) How muchdanger
e-bikes continue to be embedded in the transport regime? c) What is thenieet
underlying the e-bikeOs spontaneous emergence? In order to answer the research
guestions, five groups of interviewees were selected: e-bike users; hisgcte car

drivers; pedestrians; and traffic police. The aim of the questionnaire suagetp test

the e-bike transition phenomena by applying MLP transition theory. Therefore, e-bike
users were the main targeted participants. In addition, e-bike usersOesctiviti
frequently interacted with other vehicle users, e-bike manufactures and pelfte,

who also have an effect on the e-bike application experience and areatgsdvhtiP
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transition framework. In this case, it is necessary that non-e-bike usersafiied t

police were involved in the survey.

4 5 Data collection method

This section explained the data collection method adoptezhdyresearch stagés
mentioned above, the first research stage used secondary data to analyse e-bike
transition at the national level and at the City level. The following three research
stages, Exploratory Research 1, Exploratory Research 2 and Nanjing Case study,
collected first-hand data by undertakisgmistructured interviews and surveys,
which are the very important steps awtlose information is listedn Table 4.6,
including time and location of performing research, sampling methods, sample groups,
target sample size, achieved sample size, and research purposes. Eityeotte

data collection methods will be discussed below.

Exploratory Research 1 Exploratory research 2 Nanjing casestudy
Data collection Semistructured interview  Semistructured interview  Survey
method
Where Cardiff, UK Nanjing, China Nanjing, China
When March 2012 and April 2012 May 2014 and June 2014 August 2014 to
November 2014
Sampling Conveniencesampling and  Snowball sampling and Purposive sampling
method snowball sampling purposive sampling
Target sample Chinese students (10), E-bike users (50), E-bike users (600),
population Non-Chinese students (10) Non-e-bike users (50), Bicycle users (200),
(target sample E-bike retailers (1P Car drivers (200),
size) Pedestrians (200),
Traffic police (50)
Achieved sample Chinese students (13), Non E-bike users (3}, E-bike users (403),
Chinese students (9), Non-e-bike users (20 Bicycle users (200),
Non-Chinese researche3) E-bike retailers§) Car drivers (200),
Pedestrians (200),
Traffic police (50)
Research Help design the interview  Help design the questions Addressresearch
purpose guestions of Exploratory of survey questionnaires it questions RQ3, RQ«

Research 2 Nanjing. and RQ5.

Table 4.6 The details of Exploratory Research and Nanjing case study
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4.5.1 Case studies of China, Beijing and Fuzhou: Secondary data

Secondary data are Othe data which have been already collected by and readily
available from other sources, ranging from large statistical studies publishe
government to the unpublished observations of a knowledgeable observerQ (Stewart,
1984). Most studies begin with secondary analysis (Yin, 1989). Through the
investigation of secondary data, knowledge of a particular problem is learnt (Huff
1990). Secondary data can provide an opportunity to obtain insights about the context
within which research participants try to operate (Woodrum, 1984). As a result, it
provides a comprehensive understanding of a particular topic. In addition, it is
possible to arrive at conclusions by combing the information from different sources
(Woodrum, 1984). In social science, the secondary data are often used to integrate

with the findings of primary studies for theory building purpose (Gephart, 1993).

Secondary data collection is less expensive than primary data colleciomae

time efficient (Stewart, 1984). In addition, secondary data are a useful congara
tool. By comparing them with new data, differences and trends can be found. For
example, the government census provides the demographic characteristics of large
population. Comparing it with the e-bike sample information, it may reveal how
representative the e-bike sample of the larger population is. Moreover, secondary dat
have low obtrusiveness and reactivigthe researchers do not suffer from much bias

as the primary data research process (Silverman, 2001).

The secondary data of this study are for exploring e-bike transition patm@pma

and two mini case studies in Beijing and Fuzhou. The data are mainly sénarced
previously published research, such as statistics data from government-published
yearbooks, publicly available policy documents, published journal papers, conference

papers, published books, social media sources, e-bike discussions from online forums,
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and other online sources. There are two major problems with official publisted da
One is that it cannot be guaranteed that even the official datbsokitely reliable

and consistent. The other problem is that ChinaOs official data maytawsitfiithe
official data recorded by other countries or areas. For example, the numbeciaf offi
road traffic deaths per annum is about 68,000 in the official report of Ministry of
Public Security in 2010 (Meng, 2010), while according to the World Bank, it is
estimated to be nearer to 240,000 (China Daily, 2011). Finally, since e-bikes did not
gain much government support, the official data about e-bikes are not suffingknt
consistent. Therefore, this study integrates a range of sources, such amdusittg
websites, e-bike industry reports, and e-bike user websites and online fasuwe)

asjournal articles published both in the English and Chinese language.

4.5.2 Exploratory Research 1: Semi-structured interviews

4.5.2.1 The rationale for the selection of semi-structured interviews

When adopting the MLP theories to develop a research model for e-bike argnsiti

the empirical evidence or an exploration study is needed. In our case, thistheeans
research attempted to explore what has taken place in the e-bikedrapsiicess,
focusing on the interaction between actors and social structure. As SitvE0Gb)

and Saunderst al. (2000) suggested, qualitative interviews are generally considered
to be an appropriate method for an exploratory study, because they are not only used

to find out what is happening but also to seek new insights.

Semistructured interviews and unstructured interviews are the two usual forms of
gualitative interviews. The selected qualitative method in the thissighe
semistructured interview. Compared with the unstructured interviews, the

interviewers in a emistructured interview are free to probe beyond the answers
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(Mason, 2004). Thus, it allows the researcher to have a dialogue with the méavie
by prompting and seeking clarification on the answers (Sauetiais 2000). In this
case, the researchers can use the dialogue to gain an in-depth understahdimg of
interviewees generate meanings in social life (Silverman, 2004). This tiadngth

the specified questions, the exploration is guaranteed to be within the attope
research questions and in the meantime the researcher has moretjlégilmtintrol

the flow of the conversation without constraint.

The semi-structured interviews encourage interviewees to participate diratbgue

and tell more about their experience and opinions (Denzin and Lincoln, 1998). To
avoid limiting interviewees, the interview questions are designed to be opieh, i&/
beneficial to the exploration purpose (Creswell, 1997). The wording of interview
guestions should be straightforward and very clear, in order to convey the information
accurately (Flick, 2009) and deliver the same meaning for various participaales, (Se

2004).

4.5.2.2 Sampling method in Exploratory Research 1

In qualitative research, two major categories of sampling design are dapplie
probability sampling and non-probability sampling. Probability sampling includes
simple random sampling, systemic sampling, stratified random sampling and
multi-stage samplings, while the non-probability sampling mainly consists of
convenience sampling, purposive sampling, snowball sampling and quota sampling

(Bryman and Bell, 2007).

Two sampling techniques were used in Exploratory Research 1: convenience
sampling and snowball sampling. The convenience sampling is referred to as the
researcher-selected subjects because of their convenient accgsaailiproximity

(Saunderset al, 2000). As an initial research activity, the convenience sampling
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process was useful because it is fast, inexpensive and easy to ussnoWimll
sampling is referred to as an iterative way to increase the sameleTat is, a
researcher makes initial contact with a small group and then usesatlesqand their
contact with others who have close relationships with them (Sauetiats 2000).
The snowball sampling helped open more opportunities for gaining aocasside

range of research participants.

4.5.2.3 Sampsof the interview in Exploratory Research 1

This research phase was carried out in Cardiff, UK between March and28pal

The reasons for performing the interview in Cardiff University are: 1) Considering
limited research time and expense, it is very efficient to carry hositpreliminary
research step in Cardiff University; 2) Cardiff University has a large number
students with various backgrounds; 3) The students or researchers at Cardiff
University can be easilgccessedlhe main target sample population was the Chinese
students, especially those who had just graduated from universities in Chiteeand
begun their study in the UK. Because of the strong connection with China, these
students still kept their life setting in the way of the Chinesein®lind were familiar

with the latest status of e-bike development in China. The non-Chinese stad@nts
researchers from other countries were also selected, because their knowfledge
e-bikes in their own countries could provide useful information from different
perspectives outside of China, which is especially helpful to clarifyrésearch
guestions with regards to the awareness of background, culture, and life setting

difference.

The researcher went to four PhD offices, and invited PhD students topzdetian
faceto-face interviews. 25 interviewees participated in the interview: 13 Chinese
students (five non-e-bike users and eight e-bike users), 9 non-Chinese students, and 3

researchers, including British, French, Spanish, Lithuanian, Brazilian, Iranian, and
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Korean. Eleven of the non-Chinese participants were non-e-bike users. One of them
tried e-bikes when visiting tourist attractions. For those not familidr @4bikes, a
picture of an e-bike was shown and the way an e-bike works was explained. Twenty
interviewees allowed the recording of the interview process. Those interwiergs
recorded by note-taking and tape-taking. For the interviewees who were not willing to

be recorded, note-taking was the main technique for recording the interviews.

4.5.2.4 Interview question design in Exploratory Research 1

For e-bike users:
1. Tell me your reasons for travelling by e-bikes.

2. Would you tell me the positive and negative effects of e-bikes?

The first question opens the discussion with regard to e-bikes. When participants
talked about their own stories of using e-bikes, the information related to ®-bike
would be revealed, such as how e-bikes were embedded in their live seftingset
practice, and culture. The second question tries to identify the advantages and
disadvantages of e-bike adoption, which may reveal the attitudes of theewezsi
towards e-bike development. We can also know how the advantages or disadvantages
of e-bikes shaped regime or caused the responses of other regime actors. These
guestions help to understand the roles of e-bikes in a wide picture of the
socio-technical transition system, which provides useful information about e-bike

transition reasons and barriers.

For non-e-bike users:
1. What is your opinion on e-bike users?

2. In which situation would you consider trying it?

The first question addresses the image of e-bike users in non-e-bike usersO minds
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which would provide different perspectives of viewing e-bike transition and lbel use

to understand how e-bikes interact with other travel modes in the current transport
regime. The second question identifies the factors promoting e-bike transition. In
addition, this question reveals the issues surrounding current e-bike transition. For
example, the participants may use e-bikes on the condition that bike laveisi@ned,

the price of e-bikes are cheaper, the batiéryof an e-bike is longer, when buses are
too crowded, if living and work distance change, or if the government lifts the e-bike
bans. In this case, the answers of this question provide an overall picturekef e-bi
transition in the level of landscape, regime and niche, such as infrastyuctrket,

technologies, user practice, and policy.

4.5.2.5 Limitations of Exploratory Research 1

The limitation of Exploratory Research 1 is the small sample sizehwhiaot
sufficient to generalise a phenomena. In addition, the limited samy#eyisulturally
diverse, which may not be able to explore the e-bike transition in QMmidepth.
Apart from that, for those who are not familiar with e-bikes or have never dbaud
e-bikes, it would be difficult for them to answer the questions about e-tilegress

their opinions on e-bike development.

4.5.3 Exploratory Research 2: Semi-structured interviews

The interviews were conducted in Nanjing, during the period between May and June
2014. The requirement was that these participants are Chinese and had spent the
majority of their life in China. The requirements ensured that the partisipant
understood the e-bike transition process and its automobility culture in China. The
participants were selectedirefully to contain the similar number of females and

males. In addition, the target sample population should cover a wide range of age
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groups from 18 to 70 years old.

The researcher tried to find targeted participants at commercial cezgigential
communities, e-bike repair shops and e-bike parking places. Conducting surveys in
residential communities, e-bike repair shops, and e-bike parking places is a very
efficient way to access e-bike users and usually the participariiesa places have

time to answer the questions. The advantages of choosing commercialacenttg
commercial centre usually have a large flow of visitors with diffeeege groups,
education backgrounds, and occupations, which maximises the diversities of the
sample; and 2) with the large streamcitizers and the high density of populations,

we can find more potential survey participants and also increase the nomber
accomplished surveys. A possible limitation is that because many peantEiworked

or lived in the city centre, who normally have higher education and income devel,

the average education and income level of the sample may be increased.

4.5.3.1 Sampling method in Exploratory Research 2

The sampling techniques used were snowball sampling and purposive sampling.
Unlike the convenience sampling technique, the purposive sampling relies on the
judgment of the researcher when it comes to selecting the participah&rée to be
studied, wherasthe target sample population of convenience sampling is comprised
of participants who are easy to reach (Miles and Huberman, 1994; Denzin and
Lincoln, 2005). In this case, e-bike users and non-e-bike users were identified before
the interviews. The friends of the researcher who live in China werg fatitacted

by phone, email and other communication tools in order to identify whether they were
the target interviewees. Then, some of the friends recommended their toethgs
researcher. Depending on the backgrounds of the potential participants, the researche

decided whether to invite them to participate.
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4.5.3.2 Samples of the interview in Exploratory Research 2

In Exploratory Research 2, three groups of interviewees were selected: e-bike users
non-e-bike users, and e-bike retailers. As the first group interviewees, e-bike users
were the main target sample group, and their choices determined the e+isBke®itra
pathways and the e-bike industry development to a great extent. Only with the
increase of e-bike users, is it possible for e-bikes to break out of thee lecel.
Therefore, it is significant to understand why e-bike users spontaneously chose
e-bikes as their daily vehicles to achieve the personal mobility and tbextent

e-bikes were embedded in their daily life.

The second group consisted of non-e-bike users. As a type of emerging sustainable
vehicles, e-bikes provide cheap motorised personal mobility for e-bike users, but the
influence of e-bikes on non-e-bike users is still not clear. The viewpoints of
non-e-bike users on e-bikes indicate how well e-bikes have embedded into society,
and provide a different perspective for understanding e-bike transition. Also, the
views and attitudes of non-e-bike users revealed potential policy issdesoaial

issues associated with the rapid development of e-bikes, helping policy nakers
make decisions on e-bike policy management. In addition, non-e-bike users are also
potential e-bike users, so understanding their attitude towards e-bikes can hale expl

the future of e-bike transition.

The third group, especially the e-bike retailers, played an important role in e-bike
consumption and production. They form a significant position in the e-bike supply
chain as the OgatekeepersO between the suppliers and consumers. Firstly, e-bike
retailers are the final stop in the consumerOs path to purchasing an e-bke. E-bi
retailers are familiar with customer preference, and on the otherchamcert direct
influence over consumersO decision-making when purchasing, and even influence

consumersO purchasing habits and consumption habits. Secondly, e-bike retailers have
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direct contact with a large network of suppliers (manufacturers and distribdiors).
this case, e-bike retailers have opportunities to express their preferentles of
products through selecting or deselecting products. Thirdly, with other major actors in
the supply chain, e-bike retailers tend to have an impact on the transpoadtfation
products and the logistics employed to shape sustainable business modelsy,Fourthl
the size, number, product range and location of e-bike retailers reflect tke e-bi
development statutastly, they are very sensitive to the e-bike policy because policy
may influence e-bike sales. Our semi-structured interview helps understandienere
e-bike retailers are from, why they enter e-bike market, the range of products they

have, usage segments, and the e-bike transition process.

4.5.3.3 Interview question design in Exploratory Research 2

For e-bike users

1. Tell me your reasons for travelling by e-bikes.
2. How does it feel?

3. When is it easy to use?

4

. When is it hard to use?

The first question is adopted from Exploratory Research 1. The second question asks
interviewees to give information about user experiences. This question &y clos
linked with use practice and culture, which are the essential componeatig in

the MLP. The third question and the fourth question help identify the advantages and
the disadvantages of using e-bikes. These two questions are closely rétevant
participantsO daily life experiences with e-bike adoption, which would réweal t
issues of e-bike adoption in terms of policy, infrastructure, e-bike technology, the
e-bike market, transport system, environment, and e-bike industry. These open
questions allow the interviewees to tell us more about their experidruve®-bikes

are embedded in their social life, and their decision making process iorreiat
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e-bike adoption.

For non-e-bike users

1. Why not use an e-bike?

2. Do you think e-bikes have any benefits? What might these be?
3. In which situation would you consider trying it?
4

. What is your opinion on e-bike users?

E-bike users interact with non-e-bike users in the urban transport sysithermore,

they would be potential e-bike users and thus are involved in the transitionsproces
The first question explores the underlying reasons why travellers do not choose
e-bikes, identifying the influential factors of mode choice behaviour and shesis
associated with e-bike development. The second question prompts travellerk to thi
about the potential advantages of e-bikes. The third and fourth questions amm¢he s
asExploratory Research 1. The third question identifies the factors that haveeposit
effects on e-bike transition. It would reveal various aspects of e-bike adoptibrgssuc
policy, technology, user practice, and the market, and these are all assadiatie
important components of the regime in the MLP. The fourth question seeks to
understand the perception of e-bike users from a non-e-bike userOs point of view, and

explores the current symbolism and social connotations of the e-bike.

For e-bike retailers

1. Why did you decide to enter e-bike business?

2. Why did you choose the particular brand and what is the business model of the
brand?

3. To what extent does policy influence the e-bike sales?

4. What is the major change since you started the e-bike business?

The e-bike retailers play an important role in e-bike transition process.irhe f

question connects e-bike retailersO previous and recent experience of business, and
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highlights the current e-bike development status. The question also explores the
underlying mechanisms of choosing e-bike business. The second question gathers the
information of e-bike brands and attempts to understand the brand supply chains and
business models. The third question is relevant to e-bike policy, for the purpose of
understanding the role of policy in e-bike transition and to further explore e-bike
retailersO attitudes to current policy. This helps reveal the pressurariosoape in

the MLP. The last question asks e-bike retailers to provide a histoacadtive of

e-bike transition process in his/her experience.

4.5.3.4 Issues and limitations of Exploratory Research 2

There are some issues when applying semi-structured interviews into priacstig,

it is difficult to get access to the participants. Forty citizesese invited, but only

three of them accepted the interview, on the condition that the interweulsl be
finished within five minutes. The researcher visited more than twenty e+dtéiers

and only six of them accepted the invitation for interview. After an introoludiy

one of the interviewees, some e-bike retailers agreed to participate iitethaew.
However, when the researcher started the interview, the retailer saidv@iyabusy

now, when | have time, we can start the interviewO. Then the reseaeshé triake

an appointment. The participant responded that Ol do not know when | am availableO

and left the interview.

Secondly, the majority of interviewees are very prudent when answering questions.
The majority of the e-bike users and e-bike retailers did not allow theieveto be
recorded. In addition, when the researcher described the research purpose and process
to the potential interviewees, many of them questioned the researcherifsatitemt

asking many times whether the researcher was a spy or journalist witlden hi
camera. The interview process was frequently interrupted by interviewees@nguest

This happened frequently when the researcher asked about the sales of aAbikes,
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which products are popular. In response to this, the participants asked OWhy do you
want to know the sales? Do you want to start your own business? You want to know

the business secrets and tell others, donOt you? O.

Thirdly, there are some biases in the semi-structured interviews. Duringehgaw

with the friends of the researcher, they tended to present positive attitineee-bike
transition process. When the research asked Oit seems that you have iaticoptim
view of e-bike developmentO, some participants said OSure, | know your research is
study e-bikes. So | guess that youOd like to listen to some good comments of e-bike
developmentO. The situation was similar when interviewing the recommended

participants by researcherOs friends.

For the aforementioned reasons, the researcher did not achieve the mgibtahe
Exploratory Research 2. The target sample population and sample sizeasvere
follows: e-bike users (50); non-e-bike users (50); and e-bike retailers (10). The
achieved sample consisted of e-bike users (31), non-e-bike users (29), and e-bike
retailers (6). There is a gap between the envisaged sample and thecdchshiepde,

which reduces the quality of the interview results. However, because thes i@&fs
Exploratory Research 2 were not directly used for e-bike transition analysis, but
mainly for helping shape the questionnaires design in the following sategythis
negative effect could be more or less alleviated. Furthermore, to imf®vesearch
guality, we used a large sample size for the survey in Nanjing in theewiog

research step.

4.5.3.5Result analysis of Exploratory Research

Both the Exploratory Research 1 and Exploratory Research 2 used the same data
analysis methods. In this research, the interviews will be transcribecdded asing

keywords such as effort saving, cost, battery, safety, and e-bike performance. Then,
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the data are categorised into four groups: the reasons for the selectiorkes,eth®
advantages of e-bike development, the disadvantages of e-bike development, and the
issues and barriers against e-bikes transition. The results of ExploratorycRekea

are used to shape the question design of Exploratory Research 2. Then, the results of

Exploratory Research 2 are used to shape the survey questionnaires.

4.5.4 Nanjing case study: Survey

4.5.4.1 The rationale for the selection of survey

Research questions and hypotheses are essential in the quantitative saadiase

they shape the purpose of the study by using appropriate statistical tools (Crewel
2003). Hypotheses are the assumption held by the research about the relationship
between the variables that are explored by the data collected from sabglally,

there are four ways of collecting data in quantitative studies (Bryman din@®3 )

1) through official statistics documents; 2) recording individuals® behaviours using a
structured observation schedule; 3) asking questions in a self-completion
guestionnaire or a structured interview; and 4) examining mass media context through

content analysis.

This research used Oasking questions in a self-completion questionnaire or a
structured interviewO to collect quantitative data. As a spontaneously developing
vehicle, e-bikes have not received enough attention from the government. So the
official statistics data are extremely limited and therefore un#bldulfill the
requirements of research hypotheses testing. Without government support, the mass
mediaOs coverage of e-bike transition are also scarce. In practiverytdificult to

e-bike users to allow their behavior to be recorded. In this case, a questiaganaire

selected as an efficient way to collect quantitative data.
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4.5.4.2 Administration of the survey

A questionnaire survey was selected as the main data collection nfethdds
research and the purposive sampling method was used. The administration of the
guestionnaire survey has two main types: a self-administered survey method and
interviewer-administered survey method. The self-administered survey method is
cheap and time efficient, while interview-administered survey method is
time-consuming and lacks flexibility. In addition, the self-administered survey
method provides private space for the respondents who are less likely taibedadl

by the characteristics of the interviewers (Bryman and Bell 2007). In thistbase,
selfadministered survey method was selected as the main survey dataiorollect
method. However, it is hard to achieve a high response rate using self-aeh@hist
survey method (Simsek and Veiga, 2000). Therefore, the interviewer-administered
guestionnaire was also applied as a complement survey method to improve the

response rate.

There are several ways of implementing a self-administered questioniterevay
our work took was the delivery and collection of questionnaires. The reasonits that
could protect the participantsO privacy and gives them enough time to answer the

guestions.

The process of delivering and collecting questionnaires is mainly completed by
residential community workers, office workers and traffic police. The resadent
community workers are very familiar with the citizens who live in the roanities

and have a good relationship with them. Consequently, residential community
workers can easily identify those who are e-bike users or non-e-bike users, and
communicate with citizens and the government. When the potential partcipant
passed by the neighbourhood committees, the community workers sent them

guestionnaires and asked them to return them after they were completéidetisci
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refused to participate, the community workers simply asked others. Questionnaires
were also sent to office workers and collected and finally, traffic@dielped send

out the questionnaires during their daily meetings. Once the questionnaires were
completed, they were collected and returned to the researcher. The questionnaires

were anonymous in order to protect the privacy of participants and minimise bias.

Following the self-administered questionnaire stage, the researcher fourttiethat
response rate of the e-bike user group was very low. This is because theusebike
guestionnaire is lengthy (34 questions). In order to increase the response rate, the
researcher decided to conduct interview-administered survey method, which mainly
were conducted at e-bike repair shops. When the e-bike users were waiting for e-bike

maintenance, the researcher asked them to participate in the survey.

Surveys were conducted in Nanjing from late August to early November 2014. The
survey targeted e-bike users, non-e-bike users (bicycle users, car drivers, pedestrians)
and traffic police. Please refer to Appendix B, C, and D for the survey questesnai

for the three groups, respectively. As the semi-structured interviews in Nahjng,
surveys were also conducted in the city centre area, in commercial lmffidengs,

business centres, e-bike repair shops, and many residential comsunitie

4.5.4.3 Samples of the survey in Nanjing

In Nanjing City, the mobility system is comprised of e-bikes, bikes, private ca
motorcycles, ferries, buses, the metro, taxis, and walking. The selectelé sgoups
are bike users, private car users and pedestrians, and these are thetorawwhac

intensively interact with e-bikes in the transport system.

Bicycle users were chosen because both e-bikes and bikes are two-wheelers and

classified as non-motorised vehicles. Initially, the bike lanes werefbuibike users
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to increase their comfort and safety levels (Zhah@l, 2014). Since e-bikes have
shared the bike lanes, bicycle users have been highly involved in e-bike development

(Jinet al, 2015).

Pedestrians are the main regime actors in the transport system.itertitare review,
the pedestrians claimed that e-bike usersO traffic violation behaviourslyseve
threatened their safety (Cherry, 2008; ¢éi al, 2009). Therefore, it is worth

investigating pedestriansO viewpoints on e-bike development.

The private car drivers were chosen because accidents between privasncars
e-bikes are increasing and have become a serious issue (Liu, 2018;&ua014).

Some of the private car drivers complained that e-bike users often run redahghts

ride on the motorways. Both private cars and e-bikes meet citizensO demands for
motorised personal mobility. Nonetheless, the ownership of private cars isyrapidl
increasing with supportive policy, while the ownership of e-bikes has increased
spontaneously. Therefore, it is interesting to understand private car driveusi@sattit

to e-bike transition in order to know why they do not transfer to using e-bikes.

There are two considerations for why traffic police were chosen. Firstijpeasw
enforcement officers, traffic police are directly in touch with alVétamode users.
Therefore, they have a comprehensive understanding of traffic issues, suclk as pea
times and the high-incidence time of accidents. Particularly they haveha ri
knowledge of the traffic violation behaviours, such as which violation traffic
behaviours are most commonly found, which violation behaviours cause traffic
accidents, and how to deal with traffic accidents. Secondly, The tpafifice provide

an alternative and indirect way to understand the governmentOs attitudes towards
e-bike development. As a result, the traffic police are an essential grotie i
transport regime, which is useful to further investigate how e-bikes are erdbedde

the transport regime.
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Motorcycle users were not included because the motorcycles have been banned in
urban areas in Nanjing since 1998 and so it was difficult to find enough mo#rcycl
users to answer the questionnaires. The ferry is gradually seceding from thiey mobi
regime as the number of bridges built over the river increases, so they were not
included in the research either. Taxis tend to provide temporary personal mability t

citizens and therefore taxi users were not considered.

There are two reasons that the public transport users have not been sslaeteqble
targets. The primary reason is that the public transport users were diftiché
accessed in practice. For example, the average waiting time for mgseseto is 3
minutes and 2 minutes in Nanjing, respectively. In this case, it leavediwged

time for public transport users to answer the survey questions during their waiting
time. Another reason is that buses and metro have their own lanes, sewave f

opportunities to interact with e-bikes directly.

The target sample population and sample size consisted of: e-bike useri(@0);
users (200); car drivers (200); pedestrians (200); and traffic police (50). A total of
1,053 responses were collected. The achieved sample consisted of: e-biké0Bers
bicycle users (200); car drivers (200); pedestrians (200); and traffic police (50). The

achieved sample size is high.

4.5.4.4 Questionnaire design for the survey

The questionnaire was designed using the step-by-step guidelines provided by

Churchill and lacobucci (2002). See Figure 4.4.

Questionnaire design step 1 and step 2:

Step 1 and Step 2 have been completed in preceding sections. The survey was
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intended to collect information to seek the answers of how e-bikes areldsdbe
the current and future transport regime and the underlying reasons for e-bike
transition (Step 1). The rationale of the questionnaire selection andrtheigtration

of the survey (Step 2) were discussed in Section 4.5.4.1 and 4.5.4.2.

1. Specify what information will be sought

A 4

2. Determine type of questionnaire and noettof administration

A 4

3. Determine the content of individual questions

A 4

4. Determine form of response to each question

A 4

5. Determine wording of each question

A 4

6. Determine sequence of questions

A 4

7. Determine physical characteristic of questionnaire

A 4

8. Re-examine steps-I and revise if necessary

A 4

9. Pretest questionnaire and revise if necessary.

Source Churchill and lacobucci, 2002.
Figure 4.4 Procedure for developing a questionnaire

Questionnaire design step 3 (Determine the content of individual questions)

Our questionnaire design borrows several ideas from the previous e-bike studies, in

particular, the questionnaire by Cherry and Cervero (2007), which studied e-bike
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development in China. The result of Exploratory Research 2 of our work is another
important reference in our survey questionnaire design. Moreover, inspired by the
literature of the individual mode choice as discussed in Section 2.7, vieulaaky

paid attention to the attitudes and individual behaviours related to e-bike &sage
example, to explore the socio-demographic variables influencing individual
behaviours, we collected the information such as age, gender, and income of the
participants. In terms of the effect of psycho-social variables, we incteddree trip
purpose, the feeling associated with using e-bikes, and the attitudes tewWakds.

In addition, considering the value of travel time and travel time relwbilie asked

the questions such as which travel mode will be used in an urgent trip anthérow

trip time accuracy requirement determined the travel mode.

The target sample population was e-bike users, non-e-bike users (bicycle asers, ¢
drivers, and pedestrians), and traffic police, and the questionnaires were dé&signed
accordance with the characteristics of different groups. The questions of our
guestionnaires contained two parts: current e-bike adoption and future e-bike
development. The response categories were designed to be as completékes poss
and always included the options of OotherO or Oother, please specifyOlomlsidh al
the participants to provide answers that were not included in the listaficspptions

and therefore gave participants more opportunities to express their thoughts
acequately. The details of the question and response options designed for different

groups are discussed below.

Part 1 Questionnaire for e-bike e1s

To study the e-bike transition by embedding e-bikes inc@d4echnical transition
system, the questionnaires for e-bike users were divided into eight parts: demmogra
information, reasons and feelings about e-bike adoption, use anxiety and improvement,
batteries, safety, market, the impact of e-bikes on urban transport systdmstuae

suggestions. These eight parts cover a wide range of aspects, including travel
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behaviours, use practices and markets, technologies, culture, infrastructures, and
policies, which are the essential components of the MLP. The jasitific of the

design of each question and the corresponding response categories are given below.

(a) Demographic information

As mentioned above, the questionnaire of Cherry and Cervero (2007) was used as the
base of our questionnaires. Some parts ofir thguestionnaire inspired the
guestionnaire design of the Nanjing case study in our work, such as the demographic
information, and household vehicle ownership. In this case, the questionnaire
included most of the information. The demographic questions in this questionnaire
included gender, age, education, occupation, and monthly salary. The response
categories of age, education, and monthly salary were determined according to the
result of Nanjing Sixth Census (China Population Census of Nanjing, 2011).
Incorporating age and occupation into the response categories was inspired by the
guestionnaire of Cherry and Cervero (2007). Nonetheless, some questions of Cherry
and CerveroOs (2007) questionnaire were not included in the Nanjing case study; for
example, the address of the participantsO home and work place, because these
guestions did not provide much relevant information about the e-bike transition, and

some participants were reluctant to answer them due to privacy cencern

(b) Reasons and feelings related to e-bike adoption

In Exploratory Research 2, e-bike users were asked about their reasons and feelings
associated with travelling by e-bikes. According to their responses, thetynajahe

e-bike users shifted to e-bikes from walking, and using bicycles, buses, the metro,
cars or motorcycles, because e-bikes are effort saving, cheap, highly aegcessibl
environmentally friendly, and can be used for multiple purposes such as commuting,
picking up children, shopping, and leisure activities. In order to have more complete
response categories, the literatures of e-bike studies were also rewésvedrtet al.

(2007) and Xuwet al. (2014) studiedhe characteristics of e-bikes in Shijiazhuang and

XiOan, respectively. In their research, some of the e-bike users shiftedifrgiaxis,
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but this sort of shifting was not mentioned frequently by the respondents in our
Exploratory Research 2. Zhang (2011) andeYal. (2014) conducted surveys in Fei
County and Shanghai, respectively. Both of them asked ifheurpose of e-bike
adoption. Their questionnairesO response categories are partly adapted to aur case i
this questionnaire design. Regarding the feelings about e-bike adoption, this mainly
included practical usage, freedom, relaxation, and being a part of the commbaity. T

guestions and response categories are designed as follows:

¥  Which vehicles have you replaced with e-bikes

Response categories: bicycle, walking, bus, metro, car, motorcycle, taxi, coach,

tricycle, other.

¥  For which purpose do you use e-bikes?

Response categories: commuting, picking up children, going to school, going

shopping, leisure, visiting friends, travel connections to the metro, business, other.

¥  Why do you use e-bikes?

Response categories: low purchase cost, low operation cost, effort savirg tiegi
time, saving time in traffic jams, high accessibility, environmentaigndly, health,

other.

¥  Which feelings do you associate with using e-bikes?

Response categories: practical usage, fashion, freedom, relaxation, greeneof sense

identity, other.

(c) Use anxiety and improvement

The e-bike users in the semi-structured interviews of Exploratory Research 2 were
asked about the shortcomings of using e-bikes and the situations for which erbikes a
not suitable. Thie responses were collected as the response categories with a question
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OAre you worried or not worried about the following e-bike use anxiety?O Based on

this, a series of derivative questions were posed as follows:

¥  For what reason would you not use e-bikes?

Response categories: bad weather, bad road conditions, long travel distantes, safe

issues, physical discomfort, and other.

¥  If e-bikes are not available, what other vehicles would you choose to use?

Response categories: bicycles, buses, the metro, walking, cars, motorcyitgs, ta

EVs, coaches, tricycles, other.

¥  Which aspects of e-bikes should be improved greatly?

Response categories: weight, speed, battery performance, maintenance, diversity

models, controller, and other.

(d) Battery

As mentioned above, many participants complained that iestteose the main
concern when using e-bikes. E-bike retailers also explained that the reasonogey c
a particular brand was normally because the brand offered to Oexchange n@s batte
with old onesO or could repair the batteries. In this case, the battereeglentified

as important parts of the questionnaire design. In order to collect more informati

about batteries, a series of questions related to batteries were designed as follows:

¥  What type of battery does your e-bike use?

Response categories: lead acid battery, silica gel battery, lithiueryhanhd other.
These three types of batteries are the most popular ones in the currentretike

in China.

¥  How often do you renew your battery?
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Response categories: never changed, less than once a year, every one to offie and hal
years, every one and half years to two years, less than once every two years.

The e-bike battery renewal time is identified by a previous e-bike battely @sian
Development Bank, 2009) and the interview results from e-bike users and e-bike

retailers.

¥  Atwhat time do you charge the battery?

Response categories: 0:00 to 5:00, 5:00 to 8:00, 8:00 to 17:00, 17:00 to 20:00, 20:00
to 24:00.

The time interval was determined by the peak and off-peak times of household

electricity demand in Nanjing (Nanjing Statistics Bureau, 2014).

¥  Where do you usually charge the battery?

Response categories: home, working place, parking place, public charging points,

business centres, service centres, and other.

The listed places are the most popular charging places according to respondents.

¥  What are the drawbacks of e-bike batteries?

Response categories: heavy in weight, large size, short life cycle, high price

seltdischarge, slow charging, safety issues, and maintenance.

The listed battery drawbacks are from the interview results of thiaroksand the
literature of e-bike studies. For example, a report published by Asian Development
Bank (2009) and a paper written by Chestyal. (2009) analysed the e-bike lifecycle

and revealed the current issues related to the battery industry in China.

(e) Safety



Safety seems to be a serious issue associated with e-bike sgrymally the traffic
violation behaviours of e-bike users, which has been discussed in Chapter 3. In the
results of Exploratory Research 2, both e-bike users and non-e-bike users complained
about the phenomenon of traffic violation behaviours committed by e-bike users.
Therefore, we added the questions related to safety issues asswoitlatedikes. The
guestions are as follows: 1) As an e-bike user, what are your main concerns about
road safety? 2) As a non-e-bike user, what are your concerns about e-bike users? The
choices of response categories were listed according to the participemts&ints,

which included speeding, overloading, driving on pedestrian lanes, drink driving,
running red lights, and driving the wrong way, and these are frequently mentioned by
participants and in e-bike literatures (Waetgal, 2011; Wuet al, 2012; Duet al,

2013; Baiet al, 2013). In order to further investigate safety issues, e-bike users were
asked whether they had ever had accidents, and if so, with whom. The response
categories included: 1) never 2) yes, with pedestrians 3) yes, with a driver 4)thies, wi

bicycle users 5) yes, with other e-bike users.

() Market

The sales of e-bikes in China have skyrocketed during the last two decaddsisvehi

unique phenomenon in the world (Rugtral, 2014). The reasons for e-bike growth in
China are usually attributed to technology factors, economic factors, and policy
factors (Weinertet al, 2007; Ruaret al, 2014). However, few studies explored
e-bike user preference, although they are the pillars underpinning e-bike market
development. In this study, four questions were designed to explore e-bike user
preference and demand. The response categories were determined according to the

results of e-bike retailer interviews.

¥  What is your e-bike type?

Response categories: bicycle style, hybrid style with pedals, hybrid styleutvit

pedals, scooter style, tricycle style, mobility scooter, other.
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¥ How long have you had your e-bike ?

¥  What brand is your e-bike__ ?

¥  What is the price range of your e-bike (CNY)?

Response categories: below 2,000, 2,000D3,000, 3,00094,000, above 4,000.

¥  Where did you buy your e-bike?

Response categories: shopping mall, franchised store, online store, other.

¥  What are the primary factors influencing your e-bike purchase?

Response categories: price, maximum speed, motor power, grade ability, batery lif
trip distance per charge, appearance, brand, customer service, weight, anti-theft

system, other.

(9) The impact of e-bikes on urban transport system

Both e-bike users and non-e-bike users were asked in Exploratory Research 2 about
the advantages and disadvantages of e-bikes. Both of the two groups agreed that
e-bikes had a positive impact on urban transport systems, such as being
environmentally friendly, relieving traffic jams, and facilitating dailypsti On the

other hand, the participants claimed that e-bikes had some negative effaatban
transport systems, such as worsening traffic control, obstructing other vearudes,
increasing accidents. Two questions related to the impact of e-bikes on urban

transport systems were designed as follows:

¥  Does rapid e-bike development have a positive or negative impact on urban

transport systems?



Response categories: positive, more positive than negative, same, more ribgative

positive, negative, no opinion.

¥  Which effects do you think e-bikes have on urban transport systems?

Response categories: Relieve traffic jams, worsen traffic jams, no, facidate
daily trips, environmentally friendly, save road resources, worsen traffic control,

obstruct other vehicles, increase accidents, other.

(h) Future suggestions

Suggestions about future e-bike development were also consulted. The response
cakgories are from the previously discussed interview results and the literature
e-bike studies. For example, some research studying the reasons for the e-bike
development in China provide some suggestions for future e-bike development. These
are: 1) enhancing the road safety awareness of e-bike users; 2) widening laicgs|

to reduce collisions between e-bike users and bicycle users; 3) acceleraikey
technology innovation to promote e-bike development (Weiatdl, 2007; Weinert,

et al, 2008; Yang, 2010; Rose, 2012; Ruanal, 2014). In this case, Owhich
suggestions are important for e-bike development in the future?O was proposed to
study future e-bike development. Response categories were comprised of widening
bicycle lanes, building e-bike lanes, building charging points, increasing e-bike
parking places, increasing e-bike speed, banning fast speed e-bikes, enhancing road

safety awareness, and accelerating e-bike technology innovation.

Part 2 Questionnaire for non-e-bike users

The aim of involving non-e-bike users in this study is to understand the viewpbints
other groups regarding the e-bike transition process and how e-bikes interacted with
other transport regime actors in the MLP. The questionnaire of non-e-bike users

focuses on the attitudinal questions: 1) what is your main concern about edy&® us
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2) Does the rapid development of e-bikes have a positive or negative impact on urban
transport systems? 3) Which effects do e-bikes have on urban transport syhtems?
Which suggestions are important for e-bike development in the future? These four
guestions and their response categories are almost the same as ibarguestor

e-bike users and are needed to compare the different user groupsO views of e-bike
transition in the analysis stage. In addition, for the same purpose, the demographi
guestions of non-e-bike users are the same design as the questionnaire farsesisike

In addition, in order to discover at which level of the socio-technical tramsystem

e-bikes are, non-e-bike users are asked whether they or their family numbers have

e-bikes.

Part 3 Questionnaire for traffic police

Traffic police are responsible for keeping order of the urban traffic. Theirsvas

e-bike transition are worth exploring. In addition, their responses can give us the clues
about policyterdency, which is an important element in landscape level. In this work,
the questionnaire for traffic police has the same four attitudinal qunestnd
response categories as that for the e-bike users and non-e-bike users. In #ueljtion,
have much more information about the e-bike safety issues compared to other people
The traffic police are asked whether e-bike accidents happened when tleeprwe
duty, and if so, with which vehicles and vehicle users. The aim of this@uests to

investigate e-bike safety issues.

Questionnaire design step 4 (Determining the form of response to each question)

The forms of responses in the questionnaire design are comprised of open-ended and
closed-ended questions. Most of the questions are closed-ended questions, because
they are more time efficient, can specify the response category to prehkide

irrelevant details and are easy to code the responses (May, 2011). The close-ended

guestions have three types as follows. The first type is the singlenses which is
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for the questions of gender, age, education, monthly salary, and whether non-e-bike
users have e-bikes in the family. The second type is the multiple respehgdsare

the main form of responses in the questionnaire design. With the mulsplenses,
respondents are at liberty to tick several choices at their spesgs, @hich would be
helpful to collect more information. The questions used in multiple respordede

e-bike adoption purpose, previously used transport modes, feelings associated with
e-bike adoption, factors influencing e-bike purchase, the drawbacks of e-bike batterie
and so forth. The third form is the rated scale, which is applied to evdhatuse
anxiety question of the e-bike user questionnaire, the future e-bike suggestions
guestion of the traffic police questionnaire, and the positive or negativectimpa
e-bikes on urban transport systems question in all questionnaires. There acalége

of the use anxiety question and the future e-bike suggestions question; these are
strongly agree, agree, neutral, disagree, strongly disagree. There are six sitees of
positive or negative impact question: positive, more positive than negative, sa

more negative than positive, negative, no opinion.

The open-ended questions are only used for the trip time of e-bike users, thendurati

of owning an e-bike, and the brand of the e-bike, because the corresponding answers
necessitate concrete numbers from a large scale, which cannot be ddiyete
close-ended questions. The results of trip time are compared with other hesearc
results to examine whether the trip time increases over time. Thesresuthe

duration of e-bike ownership are used to investigate the e-bike transition process.

Questionnaire design step 5 (Determining the wording of each question)

The wording of questions should be carefully designed to convey the same meaning
to all participants (Floyd and Fowler, 2009). To reach this goal, the question wording
should follow the language used by participants. Before choosing the wording of the
guestions, an overview of e-bike user information was performed via reading and

collecting various stories about e-bike users from magazines, newspapers, TV
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programmers, academic papers and conducting informal interviews. After these
research activities, the first version of question wording was designed. Heen, t
guestionnaires were sent to the main supervisor, three research fellowsanbike

users in order to receive feedback. Many of them recommended the use of,simple
easier to understand question formats and gave many helpful suggestions. After

revision, the question wording was more polite and colloquial.

Questionnaire design step 6 (Determining the sequence of questions)

The questionnaire for e-bike users can be divided into three main parts according t
the timeline. Part one investigates the demographic information of the resonde
such as gender, age, employment status, income and education. Part twoasthe
body of the questionnaire, which examines the current e-bike adoption and relevant
issues, including reasons and feelings associated with e-bike adoptiomxietg, a
market, battery, and safety. Part 3 is relevant to the impact of e-bikesban
transport systems, and future suggestions for e-bike development. The surveys of
non-e-bike user groups consist of two parts: part one asked demographic questions
and part two asked questions about e-bike ownership, attitudes and suggestions. The
surveys of traffic police asked questions about e-bike traffic violations feeid t

attitudes to e-bike development.

Questionnaire design step 7 to step 9

Step 7 determines the physical characteristiesughout the questionnaires. A
booklet style is used and the questionnaires are printed on high quality paper. In

addition, the page numbers are inserted. The questions use simple, clear formats.

Step 8 re-examines steps 1-7 and makes revisions if necessary. As discusse
previously, the questionnaires were sent to a primary supervisor, three research

fellows and five e-bike users. After getting their feedback, the questiosnaae
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revised and sent out again until the primary supervisor approved.

Step 9 pre-tests the questionnaire and makes revisions if necessary. The
guestionnaires were completed by ten people. Depending on their comments, the
guestionnaires are further revised; for example, the wording of the questions and the

format of the questions are made simpler.

4.5.4.5 Data analysis of survey results

The set of quantitative data from the questionnaire surveys are anaybedthesis.

The Chi-squared tests were employed to examine the difference amongserthe us
segments. Generalised Linear Models (GLM) and Binomial GLM analyses used

to deduce the relationship between e-bike transition and a series of possible
influencing factors. The employed statistics software is MicrosofelBxhich is used

for data input and data visulisation, and the R package is mainly used fandbisis

and therefore plays a key role in our work.

R is a computing environment and programming language that allows one to analyse
more or less any dataset. R is compatible with all of the common cangpet&ting
systems €.g. Windows, Mac, and Linux). Unlike the SPSS software which depends
on a Graphical User Interface, R runs by typing in command lines and camaso s
the commands as scripts, which offers great flexibility for complicapedations and
computation. In addition, R is completely free and is open source software,vatich
only reduces the research cost, but also allows many statisticiansiamists with
different backgrounds to contribute new packages or modules. Hence, the community
of R is very active and the module packages are comprehensive. It is vety Bady

the R tutorials and get help online. For these reasons, R is used asrih#ataset

analysis tool in this thesis.
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Basic statistics concepts

In the questionnaire data set, different statistics tests are detdrby the four levels
of measurements: nominal data, ordinal data, interval data and ratio liataominal
scale is discrete data such as gender, employment status, types o, ayipigs of
batteries, and reasons for adopting e-bikes. The ordinal data are ranking-based
classification such as e-bike user anxiety on a rating scale from 1 tee5Snt€rval
scale data are referred to as the continuous data such as e-bike récestiol data
are interval data with a natural zero point such as the total mirarteghich e-bike

users use e-bikes daily.

Significance level#) is the threshold value that Ois the proportion of false alarms that
we are willing to tolerate in our decision processO (Maindonald and Braun, 2003).
Given a hypothesis test, the significance level means that the nullhbgmotwvas
rejected. The values &fare normally taken as 0.05 and 0.01 (Stevens, 2012). In this
study, the value of is set to be 0.05. In statisticg;value is a function of the
observed sample results that determines the significance of thedekt(Stevens,
2012). A p-value $ 0.05 indicates that the null hypothesis is rejected by strong
evidence. Ap-value > 0.05 indicates a weak evidence against the null hypothesis, so

the null hypothesis is not rejected and then the test result is not significant.

Chi-sguared test

In this study, one of the aims is to test whether females and haaledifferences in
terms of vehicle choice behaviours, the reasonsdecting e-bike, and trip purpose
of using e-bike. Because the information about these perspectives is représente
nominal data, the Chi-squared test is adopted. The Chi-saiemstési Oapplied when
there are two or more categorical variables from a single population, shisled to
determine whether the two or more variables have a significant agsuOiat

(Maruscuilo and Levin, 1983). The null hypothesis of the Chi-squared test is that
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variables are independent. The formula of the Chi-squiasdisgiven as follows

(Maruscuilo and Levin, 1983):

WhereO denotes the observed frequeniyis the expected frequency. The expected
frequency E) equals to ((Colum totalyo (Row total)) / Grand total. Degree of
freedom (DF) is equal to (the number of categorical variablés{the number of
other categorical variable - 1) (Marascuilo and Levin, 1983). The test result is

calculated using R.

In the study, the respondents were categorised by gender (male or female) and by
future mode choice preference for private cars (Yes, or No). Observation values are
shown in the contingency table (Table 4.7), in which the data were colfeateadur

survey in Nanjing and corresponded to the question for e-bike users whether they

would use private cars in the future.

Private cars Total
Yes No
Male 51 164 215
23.8% 76.2% 100%
Female | 63 115 178
35.4% 64.4% 100%
Total 114 279 393
29.0% 71.0% 100%
X& 6.443,p-value=0.0111

Table 4.7 The contingency table

The null hypothesis is that gender and future mode choice preference for pairgate c
are independent of each other, whereas the alternative hypothesis isythaethet
independent. The independence is conducted through a Chi-squared test with sample

data. By applying R with the code as follows (Teetor, 2011):
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count <- matrix (c(51, 164, 63, 115), nrow = 2,

chisg.test (count),

we obtain the result that DF=1,8X 6.443, p-value=0.0111. For this analysis, the
significance level is 0.05. Since thesalue (0.0111) is less than the significance level
(0.05), the null hypothesis is rejected. Correspondingly, there is a significant

relationship between gender and the future mode choice preference for private cars.

Linear regression

In statistics, linear regression is used as an approach to test tfenseig between
the dependent variabley)(and one or more independent variables (explanatory
variables,x) (Harris, 2014). If we only have one independent variable, the model is
called simple linear regression. With more than one independent variablesydbe

is called multiple linear regression; that is (Zetial, 2009):

y=! +I X+!I X+, +IX+" =123, ..,n
0 11 2 2 [

where§x; is the inner product between veckpand§ (Dalgaard, 2002).

In linear regression, linear predictor functions and the least squared approach are
usually used to predict unknown model parameters from the data. In practice, the
linear regression is used for two main purposes (Flury, 1988): 1) to predict the value
of y by using the fitted model and additional valuexo®) to quantify the strength of

the relationship betwegnandx, and identify the relationship betwegmand a subset

of x;, wheny and a number of variables, x, E, x; are given. In this study, the linear
regression is adopted with the aim of quantifying the strength of the rekagions
betweeny and x and identifying which subsets of have a more obvious linear

relationship withy.



After using R to model the linear regression, there are some indictors wieich a
meaningful in statistics, such asvalue, R Adjusted R pseudo-R and AkaikeOs
Information Criterion (AIC) (Crawley, 2005; Everitt and Hothorn, 2011). As
discussed previously-value is the probability of the null hypothesis being treig.(

no association between groups). Whenghvalue is smaller than 0.05, there is a very
small probability of the null hypothesis being true, and correspondingly, the
alternative hypothesis has a large probability to be true. heatue is greater than
0.05, there is a large probability of the null hypothesis being true, describing a
statistically non-significant pattern.&Rs the proportion of the variance in the
dependent variable that is explained by the model (Field and Milers, 2012). Adjuste
R&is a modified version of & which adjusts for the number of predictors in the
model. The adjusted Rwill only increase if the new variable improves the model
more than would be expected by chance (Adler, 2010). HoweSandRAdjusted B
values are not meaningful for binomial regression (logit regression), so they are
replaced by pseudo&alue (Crawley, 2007). AIC is another indicator to measure the

model efficiency. The lower AIC represents a more efficient model.

Generalised Linear Models and Binomial Generalised Linear Models

The Generalised Linear Model (GLM) is a generalisation of linear regredsi this

thesis, the GLM is adopted to examine the potential factors thaemti the duration

of e-bike future usage. One strength of the GLM is that it allowsdah®ination of
multiple independent variables that can be continuous or categorical, or bothe§Grawl
2007). In addition, the GLM looks at the relationship betweand each independent
variable. Moreover, GLM can yield useful information such as when the residuals
from the General Linear Model are not normal, and whether there exist nan-linea
relationships between dependent and independent variables (Crawley, 2005). In this
thesis, the dependent variable of alternative travel mode is categtatealthat is,

binomial (yes or no) data. The GLM is widely used in this situation duts taigh
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flexibility and robustness (Faraway, 2006).

=alfl I I I "=
y g(.0+.1X1+.2X2+...+.iXi)+, i=1,2,3,..,n

where X denotes the independent variableghe coefficients;' the error termg a
function (link function) which transforms each value yfin relation to the
independent variable within the model. The R code for the future adoption of e-bikes

is written as follows (Faraway, 2009):

model <- glm (y ~ X+ X_+ EX ,
|

family = gaussian(link =log),

data = dframel, na.action = na.exclude )

Before choosing the family function, a frequency distribution histogram is platted t
check whether the data are normally distributed. The histogram represented a
symmetrical, bell-shaped curve, which suggested that the data are normally

distributed. Therefore, the family function is chosen to be Gaussian.
For alternative mode choice models, the R code is (Faraway, 2009):

model <- glm (y ~ X+ X + EX
|

family = binomial (link =logit),

data = dframel, na.action = na.exclude ).

After building the starting model, the link functions can be changed. The indictors
used to find the best link functions are residual distribution (looking for normal
distribution, except in binomial models), Adjuste&(Righer is better), AIC (lower is
better). Next is to drop the non-significant variable in the model and furthéheget

fitted model.



4.5.4.6 Challenges and limitations of the survey in Nanjing

One challenge of the Nanjing case study was low response rate, whichlas ®

what happened in theemistructured interviews of previous research stages. Many
people refused to participate in the survey straightforwardly, and some dghited
survey after answering two or three questions. The low response rate made it

time-consuming to achieve a large sample size.

In addition, although the questionnaires were desigarefully, itwasinevitable that

some participants may misinterpret some parts of the questionnaires.iatentiis
negative effect, before the starting of the survey, we explained the research
backgrounds and purposes of the questionnaires to them. Moreover, we reminded the
participants that they could ask questions if they are unclear abouthgumniet the

guestionnaire, and we would always clarify it immediately.

Last but not the least, some of the respondents may not be willing teratisav
guestions involving the private information, such as education background,
occupation, and income. They were also cautious to express their opinions on the
guestions related to policy. To gain their trust, the author showed the student
identification card and the research consent form, and let them know that thei
information would be protected. In addition, we also informed the participbhatg a

the purpose of the questionnaire, where the data will be used, and other iwiormat

related to the survey before the survey started.

4.6 Criteria for quality

The quality criteria are required to determine the status of all formsseérchi.e.
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distinguishing between OgoodO and OpoorO research. However, unlike pure
guantitative research or pure qualitative research, mixed methods do not have
definitions of OtraditionalO criteria, so it is not a simple tasgsiss the quality of the

mixed methods research. In this case, many researchers suggested combining
traditional and alternative criteria in mixed methods research or employiegedif

criteria for the quantitative parts and the qualitative components ofixieel nethods
research (Beckeet al, 2006). In practice, most researchers do not favour adopting
the same criteria for both quantitative and the qualitative components (Extcde

2006).

Therefore, some bespoke criteria for assessing the quality of mixed metbeai<ie

were suggested. Teddlie and Tashakkori (2009) proposed Oinference qualityO
comprised of Odesign qualityO and Ointerpretive rigorO. Design quality is doofiprise
four dimensions: design suitability, design fidelity, within-design consistesay,
analytic adequacy (Teddlie and Tashakkori, 2009). Olnterpretive rigourO has six
dimensions, including interpretive consistency, theoretical consistency, intepreti
agreement, interpretive distinctiveness, integrative efficacy, and correspoddence
(Teddlie and Tashakkori, 2009). These criteria mainly measure whether thelresearc
implements an appropriate method, whether the data analysis is rigorous and
appropriate to research questions, and whether inferences are consistenttayith da
research methods and the theory. OOCathaah (2008) stated that a good mixed
method study should satisfy the following criteria: O1) the study cleaiifjegisthy

the mixed methods approach is appropriate; 2) the study provides a transparent
account of the mixed methods design; 3) the study provides appropriate sampling,
data collection and analysis of individual components; and 4) the study integrate
quantitative and qualitative findings and explains the process of integration.O

(OOcCathaiet al, 2008).

This criteria adopted in our research for assessing the quality of the metbdds

are generalised based on the work of Beekel. (2006), who conducted the analysis
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of 251 internet surveys and 28 telephone interviews, and proposed three criteria for
mixed methods research, including relevance to research questions, transparency and
the integration of quantitative and qualitative findings. The main reasoelémtiag

this set of quality criteria is that they incorporated some recurring thefmilesth
gualitative and quantitative criteria. (Becketr al, 2006). In the above-mentioned
three criteria, Orelevance to research questionsO means the usel ohetitels to

link research questions (Becket al, 2006). For this research, this criterion is met
because the mixed methods research is designed on the pillar of reseaticmgjues
(see Section 4.4). The second criterion is OtransparencyO, which is thesueaif i

mix methods research and requires the study to provide a transparent account of the
mixed methods design (OOCathetial, 2008). This is fully explained by Section 4.4

and Section 4.5, which provides step-by-step documentation of the research process.
The third criterion is Qintegration of quantitative and qualitative finding®Q4Main

et al, 2008). It can be achieved usually through four research processes, including
convergent parallel design, explanatory sequential design (quantitative method to
gualitative method), explanatory sequential design (qualitative method to cpixntita
method), and embedded design. This research fits the explanatory sequential design
(qualitative method to quantitative method), which applies the semi-structured
interview to explore the e-bike transition which is followed up with a survey
guestionnaire with a large sample. Therefore, this research fits the miethods

research quality criteria generalised by Beakaal. (2006).

4.7 Ethical considerations in research ésign

Most of the social research could intervene in some aspects oflgecighe process
of the interaction with participants could inadvertently harm them in a psgibal,
financial or social way (Chew, 2000). Therefore, it has become normal praatice
the ethical implications of a social research project to evalbatpdtential harms and

deal with them.
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To deal with these issues, Cardiff Business School Research Ethicssnciafion

of Social Anthropologists (ASA, 1999) published guidelines on the ethics of aicadem
practice is released. The contents of the questionnaires and the quéstions
interviews were approved by the Research Ethics Committee of Cardiff Business
School in advance (see Appendix A). It was concluded that the research togacs we
not personally sensitive and were low risk. Moreover, all the participants stualy

were informed about the purpose of the research. For semi-structured interviews, the
participants were asked whether the interview process could be recorded at the
beginning of the interview. The interview would be recorded only if participants we
willing. ParticipantsO information was also confidential. Participegs not offered

any payments or other recompenses.

To ensure that no harm occurred to the participants, they were fully informed about
the research, what was expected for them, the potential negative conssquaicbe
could arise from the participation, how their anonymity would be assured, and how
their personal details would be treated in confidence (ASA, 1999; Blaikie, 2010). In
addition, data would only be gathered from participants who had consented (ASA,
1999). A clear statement (information sheet) about why the information wastedll

and how it would be used was given to the participants. Consent was ususaly ga

by using the information sheet and a consent form. It must be noted that the
information form gave sufficient details about the research, so that teetipbt
participant could make a decision whether to take part in the research. The

information sheet and consent form in this research is provided in Appendix A.

Secondary data greatly contributed to this research, and included documentary data,
social media, and publicly available policy documents. Unlike the direstaictton

with people, such as interviews, questionnaires, participant observations,réhere a
few ethical issues arising from the research from documentaries amd seclia

(Wimmer and Dominick, 2013). In this case, the secondary data are freely analysed
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and quoted in the research without consent (Chew, 2000).

4.8 Conclusion

This chapter described and justified the choices made regarding the refssagohof

the thesis. The research design described in this chapter can be suthasrese
abductive case study rooted in a critical realism philosophy stance. Calsess
provide fertile ground for abductive approach development and allow the mixed
method approach to be used. The case study strategy applied is a single dmbedde
case study, which includes four case study units (the whole China, Beijpg Cit
Fuzhou City, and Nanjing City). For the whole of China, Beijing City, and Fuzhou
City, the data collection method ussdecondary data. For the case study in Nanjing,
the semi-structured interviews and survey questionnaires are used. Theadet#ile
procedures for conducing case study and designing questions for semi-structured
interviews and survey questionnaires are also explained. The collectedrelata a
analysed using statistics models. Finally, the chapter discussed téeacfor
assessing the quality of the mixed method research and introduced ite eth

considerations in the research implementation.
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Chapter 5

An Overview of E-bike Industry and Transition
iIn China

5.1 Introduction

This chapter aims to address two research questions: 1) Can socio-technical
transitions occur without deliberate policy support (RQ1)? 2) How can we explain the
rapid emergence and enduring popularity of e-bikes in China (RQ2)? In order to
answer the two research questions, the Multi-Level Perspective (MIoR)linscalar
manner is applied, and the transition pathways in different phases of eai&ion

in China are identified. Under the multi-scalar framework, in addition taoergl the

e-bike transition on the whole national lewsk also investigated Beijing City and
Fuzhou City in the micracale via an original synthesis of secondary sources and

materials. The work of this Chapter corresponds to research stage 1 in Table 4.1.

The chapter begins with the definitions of e-bikes. Then, the main e-bike industry
regions in China are introduced, and the transition pathways of the e-bike industry
cluster are discussed. After that, the multi-scalar perspective iedypl stratify
China to a three-tiered structure (macro-level, meso-level, and micro-leveiyleg

to ChinaOs political system, geographical position, and culture. Under thecaialti-s
framework, the e-bike transition pathways on the whole national level aresd#idcus
followed by two OminiO case studies (Beijing and Fuzhou) in city levebltures the

transition in micro-scale, based on secondary data.
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5.2 The definition of ebikes

5.2.1 Three styles of d&ikes

The term Oelectric bicyclesO (e-bikes) is generally referred tavaswanéeler with

an electric motor used to power the vehicle, or to assist with ped@BQTS, 1999).
E-bikes have three main components, motors, rechargeable batteries, and controllers,
which differentiate an e-bike from a traditional bicycle or gasoline scobtest

e-bikes fall into three categories: bicycle style e-bikes, scootee sthikes
(e-scooters), and something in-between bicycle styles and scooter styles (tyy#yid s

The following is a brief introduction to e-bikes from technical perspectiviese

technical details can be found in Appendix E.

(1) Bicycle style e-bikes

Figure 5.1 Bicycle style éike

This architecture is a human/electric hybrid type that is directlyndded from

normal bicycle frames, electric motors, controllers, batteries, and functipaohajs
(Figure 5.1). The bicycle style e-bikes have the longest history. The low-end products
are usually equipped with a lead acid battery, and have no speed change gears.
High-end e-bikes use lithium batteries, and these are usually set umisltigent

controllers and derailleur gears.

12¢



(2) Scooter style e-bikes (e-scooters)

Figure 5.2 Scooter style e-bike (e-scooters)

A distinguishing feature of this scooter style e-bikes, or called e-scosténgf it has
no pedals and the maximum speed can reach 50 km/h (Figure 5.2). Thisswedg|
similar to normal gasoline scooters in respect to appearance and funciotunding
horns, headlights, brake lights, turn signals and meters. The main differeheg¢ is

scooter style e-bikes have large battery packs under the deck or seat.

(3) Hybrid style e-bike

Figure 5.3 Hybrid style ebike

A hybrid style e-bike is built on the frame of e-bikes and scooters (Figure 5.8). Thi



e-bike style usually has a more sophisticated integration with battero¢srs, drive
systems, rear seats, function pedals, basket, LED lights, and antetkstt Although
they are more expensive than bicycle style, hybrid style e-bikes are prevatbat i
market because they combine the advantages of both bicycle style and stoeter
e-bikes. Firstly, hybrid style e-bikes are lighter than scooter style e-bikesmdbgc
with the deck design, they offer e-bike users an alternative way to thleicefeet.
They also extend the space of the rear seat and add the backres&ighathe

demand of carrying passengers and enhancing the safety of passengers.

5.2.2 The policy on non-standard dikes

According to Electric Bicycles B General Technical Requirements (SBQTS, 999),
China an e-bike is identified as a special bike with two wheeler aman
powered, electric powered or electric assisted pedal-power functions. In addition,
e-bikes must conform to a series of technical requirements. These afdiel)
maximum speed is not more than 20km/h; 2) The maximum weight is not more than
40kg; 3) When the e-bike achieves the maximum speed (20km/h) by electrically
assisted cycling, its brake distance must be no more than 4m in dry roadesurf
conditions and 15m in wet road surface conditions; 4) The strength of frame set

requirements are the same as the requirements of normal bikes.

According to the Technical Requirements, scooter style e-bikes (e-scootensit are
viewed as a standard type because they do not have pedals, and more importantly,
thar maximum speed is beyond what is specified by the Technical Requiregdment.

the one hand, banning non-standard e-bikes increased the safety level of both e-bike
users and non-e-bike users, because many citizens complained that thpeddst s
e-bikes threatesd their travel safety. If e-bikes in the markein be standardised to

be safe vehicles, it is possible that e-bikes may attract more pebpldo not need

very fast speed vehicles but have a high requirement on travel safetige @thér
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hand, non-standard e-bikes had been widely used, because they satisfied tly mobili
requirements of a number of e-bike users for their advantages of high speed and
driving comfort. If non-standard e-bikes are banned, some e-bike users may not
continue to use e-bikes but shift to other travel modes, which may lead tbilkea e

sale reduction. Many people argued that the national standard should be updated to

legalise e-scooters.

Considering the important role non-standard e-bikes played in e-bike development,
the thesis incorporated non-standard styles into the e-bike categories. Hwence, t
definition of e-bikes in the present article is more general than thatisgduy the

General Technical Requirements.

5.3 The ebike industry in China

5.3.1 E-bike production

40
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Output of e-bikes (unit: million)
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Adapted from: Ruanet al, 2014; Tian, 2015.
Figure 5.4 ChinaOs output of e-bikes (2001-2014) (unit: million)



China is the worldOs largest producer and distributor of electric bicycles (e-bikes
(Figure 5.4). The e-bike industry started in 1998, but has grown dramatically in the
past 17 years, with the output increasing from 0.054 million in 1998 to 38.5 million in
2013 (Ruaret al, 2014). Although it experienced a slight decrease in 2014, the output
of e-bikes was still at a very high level, around 35 million, in 2014 (Tian, 2015).

5.3.2 Major production regions
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Figure 5.5 The top six e-bike production regions

As shown in Figure 5.5, the top three e-bike industry clusters are Tianjin, Jardjsu
Zhejiang, and these dominate e-bike production in China, occupying 79% of e-bike

market share (Ruaet al, 2014).

Tianjin

Tianjin is the largest e-bike production region in China. Firstly, Tianjin israilyi
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the largest production region of traditional bicycles in China. In 2003, more than
24.02 million bicycles were produced in Tianjin, whivhs 34% of the total bicycle
production in China (Jin, 2005). Due to the high demand for e-bikes, many bicycle
manufactures transferred their bicycle production lines to e-bike production bnes, f
example, Giant, a well-known bicycle producer (Guo, 2005). The existing bicycle
production lines, skilled labourers and technologies provided fertile ground for e-bike
production. In 2003, there were 120 e-bike manufactures based in Tianjin, and the
e-bike production in Tianjin was 1 million in 2003 and 1.5 million in 2004,
respectively (Gong, 2005). The number of bicycle manufactures entering the e-bike
industry continued to increase in the following years. In 2005, Tianjin Fujitec Group,
the largest bicycle manufacturer, decided to establish Tianjin [EleBigycle
Company by investing 15 million US dollars (Su, 2005). Because the majority of
e-bike manufacturers in Tianjin had transferred from manufacturing bicycles, the
types of the e-bikes produced in Tianjin were mainly restricted to bicydés sand

contributed to 67.2% of total e-bike production in Tianjin (Yuan, 2015).

Secondly, e-bike manufacturers in Tianjin atethan importance to e-bike OResearch
and Development (R&D)O. For instance, the e-bike manufacturers and Mechanical
Engineering Department of Tianjin University jointly established OTianjink&

R&D CentreO, which aimed to overcome the technology barriers, involving the
innovations or improvement of lead acid batteries, Li-ion batteries, higheaffic

brush motors and brushless motors, controllerg. éensor technique), and advanced
materials (Jin, 2005). In 2010, Tianjin Bicycle and E-bike Trade Associationedleas

a detailed e-bike R&D plan, which included the innovation and development of
motors and sensors, batteries and advanced mategiglsn{agnesium alloy and
carbon fibre composites) (Xin, 2010). In 2011, 38 firms in Tianjin set up e-bike R&D
departments and employed 600 researchers, which cost 0.16 billion CNY (Gong, 2011
Liu, 2012).
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Year Bicycle Production (million)  E-bike Production (million)

2002 20.28 0.22
2003 24.02 0.58
2004 16.76 1.52
2005 31.35 3.52
2006 40.19 6.13
2007 40.54 6.50
2008 40.81 6.51
2009 34.74 8.28
2010 35.98 13.42
2011 38.09 14.34
2012 39.53 16.24
2013 40.05 16.46
2014 41.88 16.24

Adapted from: Gong, 2009; Xin, 2010; Gong, 2011; Gong, 2012; Gong, 204&n, 2015.
Table 5.1 Bicycle and E-bike Production in 2002-2015 (unit: million)

Due to the above-mentioned reasons, the e-bike output in Tianjin rapidly increased
(Table 5.1). The e-bike production only accounted for 1% of the total bicycle industry
in 2002, but in 2014 the e-bike production equalled 40% of the bicycle production
(Yuan, 2015). Recently, more bicycle manufacturers have now become e-bike
producers, which accounts for 90% of the e-bike companies in Tianjin, including
Tianjin Jianwei, Tianjin Birdie and Tianjin Battle. There are more tleganhicycle

and e-bike industry parks in Tianjin. Every year, Tianjin holds the China North
International Cycle Show where 600 bicycle and e-bike companies attend and the
transaction amount reached 10.69 billion CNY in 2014 (CNIBE2B15). In addition,

two trading centres were established in Tianjin, with the products includigglds,
e-bikes, components, and accessories. The future plan for the e-bike industry in
Tianjin is the Olnnovation Priority PlanO, which encourages the e-bike firms to

produce high-grade e-bikes (Yuan, 2014).

Jiangsu

Jiangsu is another important base for e-bike production. Many e-bike producers have
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established factories in Jiangsu. Firstly, Jiangsu is the birthplabe etbike industry

in China. For instance, Nanjing Mainland Pigeon Tech Co., LTD. (NMP), which is
based in Jiangsu, is the first e-bike manufacturer to obtain an e-bike production
licence and to set up e-bike production lines and an e-bike R&D centre. In 1997, the
first e-bikes were resembled on NMPOs production lines, marking the starikef
industrialisation. In addition, NMP participated to set up the Nationaldatd of
E-bikes in 1999. From 1997 to 2004, NMP produced six million e-bikes, becoming
the biggest e-bike manufacture during that period (Lu, 2005). The success of NMP

contributed to attracting new entrants to the e-bike industry.

Secondly, similar to Tianjin, there are a large number of bicycle manufadture
Jiangsu. The bicycle manufactures in Jiangsu accounts for 12% of the total bicycle
production in China and many of them, including Giant, Bridgestone, MING Cycle,
and Oyama, have a high reputation in the market. A number of bicycle manufacturers
spontaneously transferred to e-bike production during the e-bike market expansion. In
2004, of the top 14 bicycle manufactures, three completely converted their bicycle
production lines to e-bikes, six produced both bicycles and e-bikes, and five reduced

their bicycle production (Su, 2005).

Thirdly, many bicycle component manufacturers such as Nanjing Liming, Senwei
Group, Xinhua sprocket wheel, Danyang Spoke, Hannuo rims, and Anteng Hub, are
concentrated in Jiangsu, and these provide powerful support to e-bike development.
The component manufacturers in Jiangsu focus on the middle and high-grade
products in order to enter international markets, and pay attention to component
technology innovations. As a consequence, the e-bikes produced in Jiangsu are of a
high standard and reputation, and the market orientation is in the middle and high
grade, and includes some well-known companies NkK&P, Giant, Xiaolingyang,

Xinri, and Jincheng.

Finally, the e-bike companies in Jiangsu have developed a distribution network. For
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example, Heping adopted the OBusiness to CustomerO model and as suchdstablishe
many customer service pointBIMP expanded its direct stores and providad

complete customer service.

In 2014, the number of e-bikes produced in Jiangsu was 9 million (Chu, 2015). The
lithium-ion battery e-bike production was 0.28 million, slightly higher than in 2013
(Chu, 2015). The e-bike firms in Jiangsu, which included Jiangsu Xinri, Jiangsu
Yadea and Changzhou Supagqi, accentuated their brand image and mainly produced
luxury e-bikes as they had previously done with traditional bikes. The China Wuxi
International Electric Vehicle Exhibition has been held in Jiangsu everysyeze

2007 in order to stimulate e-bike development in Jiangsu. In addition, the e-bike

industry in Jiangsu has attempted to build e-business to increase its market share.

Zhejiang

Zhejiang is also a large e-bike production region. Firstly, some well-known e-bike
brands, such as Lvyuan, Wolong, and Philips, established their manufactories in
Zhejiang at the very early stages of e-bike development, anstithidatedthe e-bike
industry in Zhejiang for a long time. The substantial profits of the e-bike mydust
attracted many new entrants. Up until 2003, Zhejiang had 300 e-bike manufacturers
(Zhang, 2005). The production of e-bikes reached 2.14 million in Zhejiang in 2004,
which accounted for 30% of total e-bike production in China (Su, 2005).

Secondly, a large number of battery manufacturers are located in Zhejiang. In 2004,
there were 102 battery manufacturers (Zhang, 2005) and the Tianneng battery
manufacturers produced 8 million batteries in 2004 (Zhang, 2005). The battery
manufactures invested the R&D of new batteries, attempting to break through the
bottleneck of battery techniques. Tianneng and Zhejiang University co-founded a
postdoctoral centre to improve battery performance (Song, 2005). In 2005, one billion

CNY was invested to establish new battery factories in Zhejiang. 0.3hWbGNY
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was invested to support the ONi-MH Battery Production ProjectO (Song, 2005). In
2010, the Chaowei battery company invested 0.65 billion CNY to establish the
OGreen Energy R&D Industry ParkO to accelerate lithium-ion battery innovations

(Fang, 2010).

Thirdly, Zhejiang has numerous manufactures widely spreaa broad range of
bicycle component industry segments, including frame factories, pedal factgree
factories and so on. Many of them have a high reputation in the market anddssve m
production lines, for example, the tyre brand OChaoyang®O which holds the OFamous
Chinese TrademarkO prize. With the e-bike industry development, some new
component manufactures have been established. For example, the Wuxing firm

concentrates on the e-bike light system development and production.

Fourthly, many e-bike manufactures invested to upgrade the production lines, build
new products and establish OR&D centresO. For example, Lvyuan and Wolong
upgraded their production lines in 2004 (Zhang, 2005). The Tianneng and Chaowei
battery factories and universities jointly established ONew energy R&Des®

(Zhang, 2005).

Last but not the least, the e-bike demand in Zhejiang is very high, whichrbesydi
promoted the e-bike industry development. E-bike sales in Hangzhou (capital city of
Zhejiang province) and Ningbo were 0.14 million and 0.1 million in 2004,

respectively (Zhang, 2005). In Suzhou, there were 927,157 registered e-bikes in 2007.

E-bike production in Zhejiang was 8.52 million in 2013, including 0.52 million
e-bikes with lithium-ion batteries (DDC, 2015). Many e-bike brands emerged, such as
Lvyuan, Lima, Philips, Lanbei and Xinyue. Many new designs for e-bikes are
developed in Zhejiang and most of them are scooter styles. WhatOs mazegctlust
around the main factories in Zhejiang are about 500 suppliers that provide e-bikes,

specialist components, and batteries (DDC, 2015).
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5.3.3 Overview of the e-bike industry cluster region

From the above introduction and analysis of the e-bike industry cluster region, the
transition pathway of the e-bike industry followed a de-alignment and re-alignment
pathway (P2) from the MLP perspective. The e-bike industag built upon the
existing bicycle industry or components industry, which undertook the groundwork
for the e-bike industry and hastened its transition process. The e-bike transition
process occurs gradually, co-existing with many practises and structuresthather
entirely replacing them as theoretical expectations of systemic cl{svejs and

Nieuwenhuis, 2012).

The e-bike industries in various regions possess different characteristich, ave
influenced by the original bicycle industry. For example, the e-bikes produced in
Tianjin tend to be bicycle style, while e-bikes produced in Jiangsu have a more
luxurious appearance. The three regions also share common features, such as the
emphasis on the R&D of e-bike innovations and development. Apart from that, the

e-bike industry has spontaneously developed compared with the automobile industry.

5.4 TheMulti -scalar Multi-L evel Perspective and-®ike palicy in

China

5.4.1 The Multi-scalar Multi-Level Perspective

The Multi-Level Perspective (MLP) is the main theoretical framework adoipt the
thesis to analyse e-bike transition in China. However, the definitions ofckgmels
regime and niche in MLP are ambiguous in practice for the transitions process

occurring in a country with a large population, vast geographic space, and
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complicated political structure (Coenenal, 2012). For example, a city in China can
have millions of people, which is difficult to identify as a landscapa niche. In
these cases, transitions theory should be applied in a multi-scalar mattnesgard

to transitions pathways as is illustrated in Figure 5.6.
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Figure 5.6: Transition theory in a multi-scalar framework



Transition process in which new regimes are embedded often accompany wath spa
scale changes (Hodson and Marvin, 2012). Viewing transitions theory using
multi-scalar manner, each embedded regime system at the macraentdes
numerous sub-systems, each of which has its own self-contained multiple
perspectives and can be further divided into smaller sub-systems. Thetimrerac
between the sub-systems drives the transition process in the higher levetdslalr
transition theory is especially suitable for a large and complicateehsyie China.

For example, large cities in China have populations that rival many naties. sta
Those cities are economically and socially diverse, and city authoniéies the
discretion to make regulations in certain key areas, notably in thisticasnortation.
However, from a macro-viewpoint, the cities also serve as constituenergke of
China, especially considering the top-bottom political structure of China. The
transition process of the mobility regime in China has not been OhomogeneousO and
OsynchronousO, and is a combined effect of different transition processésus va
cities. To the best of the authorOs knowledge, previous literatures tirsaalalr
theory were restricted to a concept without giving guidance about how to apyty it i

a concrete example. Our research will implement it in practice bysangle-bike

transition in China.

5.4.2 The three-tiered structure of China

To know how the e-bike policy in China is implemented and enforced, we should
understand ChinaOs political system. This section provided an introduction and
insights into the political structure of China from a multi-scalar persgecA
characteristic of ChinaOs political structure is that the administrditiisions are
hierarchical and there are five levels of governments from top to bottartralce
government; provinces (34 regions); cities (334 regions); counties (2,853 regions);

and towns (47,279 regions). Using the multi-scalar MLP, the political structure of
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China can be mainly stratified to a three-tiered structure from top to bottom:
macro-level; meso-level; and micro-level, and as such the scaltve Multi-scalar

MLP are specified.

Macro-level

The macro-level is identified as the whole nation of China and detesntipolicy
framework. The National PeopleOs Congress (NPC) is the top legislature astl highe
organ of state power (NPC, 2004). The functions and powers of the NPC are to decide
all the important issues in the state, such as legislation, the siperef other state
organs, and the national economic plan (State Council, 2010). The NPC legistates a
amends the Obasic lawsO, where the Obasic lawsO refer te tregudating the
universal relationship of the nation and its society such as criminaiahidasv. For

other laws and national regulations, the Standing Committee of the NPCsegerci
legislative power, such as the ORoad Traffic Safety Law of the P=oBlepublic of
ChinaO (State Council, 2004). The State Council is the Ohighest executive organ of
state power and the highest organ of state administrationO (NPC, 2004). Another
important organisation is the Chinese PeopleOs Political Consultative Canferenc
(CPPCC), which is a political advisory body which scrutinises government policy and
proposes policy suggestions. The members of the CPPCC are from various political
parties and organisations, and this is a very important channel to express peopleOs
opinions about policy (State Council, 2005). In addition, the independent members are
encouraged to participate. The proportion of representation of the various parties is
determined according to established convention and negotiation between the parties
(CPPCC, 2015). On the CPPCC, the delegates are encouraged to raise issues and
criticise current policy direction and regulation. The CPPCC has two respoiesibilit

policy proposal and policy supervising (CPPCC, 2004)

The NPC and CPPCC hold their general conventions (also known as Otwo sessionsO)

every year on 3 and 5 March, respectively (NPC, 2015). During the annual Otwo
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sessionsO, all aspects of the national economy and peopleOs livelihdsisissed
(NPC, 2015). The CPPCC holds its session earlier than that of the NPC session t
discuss proposals, laws and other affairs. After getting permits from theé @ RIRe

proposals are submitted to the NPC for voting.

It is notable that ChinaOs political system is highly centralised. €htalc
government directly supervises the local provincial governments in addition to the
subordinated departments (State Council, 2015). Hence, China is able to enforce
abrupt and comprehensive shifts in policy that might not be so readily achievable

elsewhere, although putting these into practice may be less straightforward.

The first version of the ORoad Traffic Safety Law of PeopleOs Repuliftnad

(Road Safety Law) was approved on the 5th Standing Committee Meeting of the 10th
National PeopleOs Congress in 2003 and went into effect on 1 May, 2004 (State
Council, 2005). It was the first time that e-bikes were clearly defined as
non-motorised vehicles and therefore should travel in non-motorised vehicle lanes.
Following this, the Road Safety Law was amended in 2007 and 2011 (State Council,
2007; State Council, 2011). The latest version still confirmed that e-bikes were

non-motorised vehicles.

In order to provide clear administrative implementation guidance for the ORe#ad Saf
LawO, the State Council issued ORegulations on the Implementation of Rtied Tra
Safety Law of PeopleOs Republic of ChinaO (Implementation Regulations of Road
Safety Law) on 28 April 2004.These are administrative rules and regulationfoused
clarifying the provisions on vehicles (State Council, 2004). The provisions on e-bikes
are given as follows: 1) e-bikes should travel on non-motorised vehicle lanés, 2) i
there are no non-motorised vehicle lanes, e-bike users can use the motorway, 3)
e-bike users should not overload, and 4) the age of e-bike users must be over 16 years
old. The Olmplementation Regulations of PRCO also require local governments to

further establish more detailed local regulations and traffic planning toategihe
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road safety issues in their respective administrative areas (State Council, 2004).

Mesaclevel

The meso-level is identified as the provincial level, which hasmélas political
organisation as the national structural establishment. It has its ownPecpleOs
Congresses, governments and local PeopleOs Political Consultative Conference, and
takes charge of all the lower local authorities in the province. Although pesvare
subordinated to the national authorities, they still have large discretibmegiard to

the economic policy and other affairs within the province (State Council, 2005;
Jiangsu Government, 2015). Moreover, the enforcement or translation of policy into
action may be different across different areas, and subject to deeplodtiaions

(Liu et al, 2012). For the local PeopleOs Congresses and local governments, their
legislative and administrative power is limited to corresponding local raes
regulations which are subordinated to legislation issued by the State Cowuhds a
subordinate departments. The legislation issued by administrative organs is

subordinated to that of state-power organs.

In line with the Olmplementation Regulations of PRCO, the province governments
discuss the details of local road transportation safety law implergeegulations at
meetings of NPCOs standing committee of provinces. For example, ORoad Traffi
Safety Regulations of Jiangsu ProvinceO (ORegulations of Jiangsu Province®) was
approved on 22 October 2004 (JPPCSC, 2012). The ORegulations of Jiangsu ProvinceO
was amended in 2009 and 2012 (JPPCSC, 2012). The amendment of the fourth
version has already come into the legislative plan of 2015 of Jiangsu NPC 2BT; (JP
2013). The ORegulations of Jiangsu ProvinceO clearly stated that the regulation i
formulated based on the ORoad Safety LawO and Olmplementation Regulations of
PRCO. The provisions for e-bikes are as follows: 1) e-bike users need to appéy vehi
registration plates; 2) e-bike users can only carry one passenger under the age of 12

years; 3) e-bike users under the age of 18 should not carry passengers; 4) other
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provisions for e-bikes are the same as in the Olmplementation RegutdtPREO

(JPPCSC, 2012).

Micro-level

In terms of city level, we identify this as the micro-level. Althoudl level is not the
smallest political unit in China, because a city can take chargecwiinties which
further cover several towns, citizens of the same city share veryrspullaies and
culture, so we identify it as the micro level. The city level governradeis charge of
local affairs and has spaces to issue regulations in its region butamgstout the

laws and regulations issued by provincial-level government and report to the
provincial-level government. There are four municipalities (Beijing, Shanghai,
Tianjin, and Chongqging) which are categorised to micro-level although they are

directly in the charge of central government.

NPCN Basic Laws Road Safety Law)

\ 4

State Cancil Nadministrative rules (Regulations on
Implementation of Road Safety Law of PRC)

Y

Jiangsu Provincial PeopleOs Congress Standing Comuittee
Traffic Safety Regulations of Jiangsu Province

\ 4

Nanjing Municipal PeopleOs Congress Standing Committee -- Roag Trg
Safety Administration Regulations of Nanjing City

Figure 5.7 A top to bottom regulation process

The ORoad Traffic Safety Administration Regulations of Nanjing CityO (Ofegula
of Nanjing CityO) was approved by Nanjing Municipal PeopleOs Congress Standing
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Committee in 2009 (NCSC, 2009). The ORegulations of Nanjing CityO is formulated

in accordance with the ORoad Safety LawO, Olmplementation RegulafGEMf
ORegulations of Jiangsu ProvinceO and the concrete conditions of this city. The
provisions for e-bikes are: 1) no drink driving by riding e-bikes; 2) the speed of
e-bikes should not exceed 15 km/h, 3) other provisions for e-bikes are the same as
Olmplementation Regulations of PRCO and ORegulations of Jiangsu ProvinceO (NCSC,
2009).

Overall, the administrative policy and the legislative process are nmepled in the
way of Otop to downO in China (Figure 5.7). The local government administrative
policies should follow the administrative policy issued by higher level government

but can adapt them depending on their local situations.

5.4.3 E-bike restriction policies in three levels

The above section discussed the three-tiered geo-political system of. Chisa
section introduces how the e-bike restriction policy was implemented tispnto

bottom.

Macro-level

A specific e-bike regulation, called OElectric Bicycles B Generahnibat
RequirementsO, was issued by the State Bureau of Quality and TechnicalsBupe

in 1999 (SBQTS, 1999). The OElectric bicycles B General Technical RequiramentsO
a national standard for e-bike techniques, production, sales and adoption in China.
The policy makers claimed that non-standard e-bikes had a negative impaet on t
urban transport system. They argued firstly that non-standard e-bikes caused more
traffic accidents, because they were of a large size, are heavy, et dt fast

speeds, and did not have robust brake systems, and therefore it was easy for them
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roll forward or sideslip. Secondly, non-standard e-bikes undermined urban road
transportation orders and city image due to the traffic violation behaviour of
non-standard e-bike users such as running red lights, overloading, and not wearing a
helmet. Thirdly, non-standard e-bike users did not hold third party liability insurance.

If a serious accident happened, the victims were unlikely to receive full compensation.

To further standardise all types of e-bikes according to the OElectricebidycl
General Technical Requirements (1999)0, the four departments of State Council,
Ministry of Public Security, the Ministry of Industry and Information Technology, the
State Administration for Industry and Commerce, and the General Administoftion
Quality Supervision Inspection and Quarantine, issued the ONotice of Strengthening
E-bike RegulationO. This clearly required the Provincial Governments or local
governments at lower level to propose an effective e-bike administratiory.piblic

was recommended that the policy should include the following five aspBcts:
strengthen e-bike manufacture management; 2) strengthen e-bike market supervision
and management; 3) establish requirements for e-bike vehicle registraties) glat
strengthen e-bike traffic orders and security administration; and 5) enhance e-bike
usersO road safety awareness (MIIT, 2011). In addition, the notice emphasises that
only e-bikes meeting the OE-bike General Technical Requirements (1999)Ollyan lega
travel on roads, and for currently used non-standard e-bikes, local governments must
set non-standard e-bikes transition-duration and eliminate those e-bikesxeda f
period (MIIT, 2011). In other words, the primary purpose of the notice is to preclude

the non-standard e-bikes from markets.

Mesaclevel and microlevel

The ONotice of Strengthening E-bike RegulationO neglected the 17 years of vehicle
and society development. Many data and evidences have shown that non-standard
e-bikes have dominated the e-bike industry and market, and are now permitted by

local governments. For example, in Henan province, the ownership rate of
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non-standard e-bikes per 100 urban households was 71.61 in 2013 (Henan Statistics
Bureau, 2014). In Zhejiang province and Fujian province, the ownership rate of
non-standard e-bikes per 100 urban households was 60.21 and 37.58 in 2012,
respectively (Zhejiang Statistics Bureau, 2013; Fujian Statistics Bureau, 2013).
Hainan province, the capital city, Haikou, issued e-bike licence plabegtistandard
e-bikes (blue colour) and non-standard e-bikes (yellow colour) since 2012. Up until
17 March 2014, 0.437880 million licence plates were issued, including 0.123834
million blue ones, and 0.314046 million yellow ones (Ji, 2014). The number of

non-standard e-bikes was 2.5 times as large as that of standard e-bikes.

B Strictest
Heilongjiang
Jilin Strict
Xingjiang Liaoning
Inner Mongolia
Beijing
Tianjin
Nirgkia shanxi
Qinghai
Gansu
Shaanx. Henan Jiangsu
Tibet Shanghal
Sichuan !

Jiangxi

Guizhou

9
' Macsy 9kon9

Hainan

Figure 5.8 E-bike ban policy strength in different areas of China

However, the pressure from central government caused the local government policy to
suddenly switch. Many provinces and cities set up a non-standard e-bike
transition-duration deadline, including Yunan Province, Beijing, Tianjin, Nanjing, and

so on. The deadlines varied from July 2014 to May 2018. Before the deadline, the

non-standard e-bike users had to return the old plates to the official e-bikeategis
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plate handling stations. After that, the non-standard e-bike users could trade the
non-standard e-bikes for standard ones or recycle the non-standard e-bikes at

recycling points.

Apart from the non-standard e-bike banned policy, some provinces and cities even
issued e-bike restriction policies for the standard e-bikes. These polaiesl
according to local automobility cultures, circumstances, rules and regulat@an. F

the Figure 5.8, we can see the degree to which e-bike ban policies vargtimesti

depending on the area.

Cities in Guangdong Province implemented the strictest e-bike rules. Tes init
Guangdong Province implement harsh e-bike restriction policies. Of these cities
Dongguan is the first city issued e-bike restriction policies and compleal e-bikes
(Donggwan Government, 2007). Other cities enforced regulations as the following
e-bike restriction policies: 1) a requirement for vehicle registration pldgs
enforcing the purchase of motor vehicle road accident responsibility compulsory
insurance, 3) the requirement of a driving license, 4) punishing drink drivers and 5) a
requirement for users to wear a helmet (Foshan Government, 2013; Jiangmen
Government, 2013; Heyuan Government, 2013; Huizhou Government, 2013; Yunfu
Government; Zhaoqing Government, 2013; Zhongshan Government, 2013; Zhanjiang

Government, 2013).

Yunnan Province has the second strictest e-bike policy among all the provihees. T
entire province enforces the following policies in 2013: a requirement for vehicle
registration plates, a ban on non-standard e-bike sales, and traffic cesrifdr
e-bikes (Yunnan Government, 2013). Compared with the above province, two cities
issue strict e-bike polices in Zhejiang Province. Hangzhou City, as the probvincia
capital city, restricts the access of non-local e-bikes into the (elgngzhou
Government, 2009). Ningbo City enforced a tougher penalty for e-bike usersO traffic

violation behaviours, by implementing penalty standards for motorised vehicles (Jiang
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et al, 2013).

All of the four municipalities (Beijing, Tianjin, Shanghai and Chongging), which are
directly under the jurisdiction of central government, have published e-bike restriction
policies (Public Security Bureau of Chongging, 2013; Public Security Bureau of
Shanghai, 2014). As the four cities are political, economic and cultural gehiees
policies issued by the four cities, Beijing City in particular, usually havenpact on

other cities in China. This could be considered as one of the reasons thantiore
more cities have started to implement e-bike restriction polices. ForpéxaBeijing
wasthe first city to clarify the details of its e-bikes registrationelagislation and

traffic restriction in 2002. This was followed by Chongqging City, two provinces
(Yunnan and Liaoning), and seven provincial capital cities (Shenyang, Nanjing,
Wuhan, Changsha, Guiyang, Fuzhou and Nanning) (Shenyang Government, 2012;
Wu and Yuan, 2013; Yunnan Government, 21Bublic Security Bureau of
Chongging, 2013; Changsha Government, 2014; Fanal, 2015x Legal Affairs
Bureau of Guiyang, 2015). These areas and cities only issued e-bike licenses for
qualified e-bike models. Later, 11 prefectural-level cities required e-biks tse
register their e-bikes (Ye, 2013). These areas and cities clearly spéodiqualified

e-bike models which had been approved to enter the market and to carry number
plates. The traffic restriction policy was also implemented widelgrder to control

traffic jams in Shanghai and 15 other cities. These policies werdynsaparated into

two types: restricting access to main roads or the city centre; @ndtigg access to

the city centre during peak times (Ye, 2013). Another example is Tianjin wiash w
the first city to propose the real name registration system in 2010 (Zhao, 20ik1). T
was followed by two provinces (Inner Mongolia and Gansu) and nine cities, including
Handan, Zibo, TaiOan, Rizhao, Zaozhuang, Liaocheng and Zhoushan (Feng and Jiang,

2010; Ye, 2013).

With spontaneous development lasting for 17 years, the non-standard e-bikes truly

satisfied the personal mobility demand of citizens. However, no laws ortegs!
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have rendered a clear definition of non-standard e-bikes. As a result, theytlage ne
treated as motorised vehicles on the OAnnouncements of Road Motor Vehicle
Production and Product (2014)O nor as meeting the national general technical
requirements of non-motorised vehicles. In this case, non-standard e-bikes cannot
obtain registration plates, which is a severe deficiency in managemeésntmiire
beneficial for the regime actors to render non-standard e-bikes an approptiste sta

rather than eradicating them.

5.5 The transition pathway of ebikes in China

This section provides a historical narrative to analyse the rapid and sw@#bsiptake

of the e-bike industry and market in a national level of China from a t@msiti
pathway perspective. From the 1980s onwards, the established mobility regime in
China was comprised by bicycles, motorcycles, cars and buses. We need to
understand the extent to which e-bikes represent an alternative to thegeftesis
sustainable) mobility regime. In this respect, two pathways in the e-biistiva at

the national level over time were identified: P1, the transformation pstiphase
(1980D1999); and P2, the de-alignment and re-alignment pathway phase (1999

onwards).

5.5.1 The transformation pathway 198091999 (P1)

In transition theory, pathway P1 is referred to as the transformation procass; thi
means that when the landscape pressure is moderate and the nicheselment
insufficiently developed, the existing regime will respond with modificathmurtswill

not be substituted by the emerging niche innovations. In 1978, the central government
prioritised and fostered the motorcycle industry in order to industrialise the transport

system as an important part of ChinaOs reform and opening-up policy. Because of
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strong support from landscape and regime actors, the output of motorcycles increased
sharply from 135,400 in 1981 to 11,534,000 in 2000 (Chen, 2006). At that time, the
motorcycle industry dominated the two-wheel mobility regime, and reproduced itself

along with reinforcing landscape developments (Li and DaCosta, 2013).

During the 1980s, the e-bike industry emerged as a niche innovation. The new
two-wheel mobility modes attracted some users, due to the advantages ohgeduci
user effort and increasing travel distance at a relatively low cogtr&8emall e-bike
manufacturers were established around the Shanghai, Zhejiang and Tianjinnareas.
1988, 40,000 e-bikes were produced in Shanghai (Yang, 2010). In 1995, some
manufacturers produced rear-wheel motor e-bikes which were capable of achieving
the speed of 20kph (Huang, 1999), which is a significant technology progress. In
general, however, the technologies of e-bikes were still at a very eagg. sta
Particularly, the technologies of some critical components were not mébure;
example, electric motors impeded e-bike development. In the 1980s, e-bikes simply
resembled a bicycle with a chain-driven rear wheel and a motor with 14-18didf

output torque (Ruaet al.,2014). These motors were noisy, low in efficiency, and had
poor slope-climbing ability. Even worse, the duration of the motor only lasted a few
months, which lead to quick wear and tear. The motor had to be replaced every three
months in order to maintain the performance of e-bikes (Raiaal., 2014). This
immature motor technology slowed down the e-bike industry development in China.
Another example is the dilute lead-acid batteries used in e-bikes, Wwhittthe
inherent shortcomings of heavy weight, low efficiency and liability to leakdgang,
1999). In addition, the high price of e-bikes also restricted their use on a lalge sc
For these reasons, the market share of e-bikes was restricted to mahevlelst
motorcycles were a main constituent of the regime and reinforced landscape

developments.



5.5.2 De-alignment and re-alignment pathway (1999 onwards) (P2)

Transition pathway P2 is the de-alignment and re-alignment pathway. It suggésts t
the existing regime will experience a diignment process in the condition that the
landscape change is divergent, large and sudden. In this case, if the nicheansovat
develop sufficiently, one of them will become dominant regime elemdtes a
period of co-existing and competition with other elements. P2 explains tis#tita

of the two-wheel mobility regime in China after 1999.

Provincelevel cities  Beijing, Tianjin, Shanghai

Subprovincial, Guangzhou, Zhongshan, Shaoguan, Zhuhai, Dong@lantou, Shenzhen (i
prefecturelevel, and Guangdong Province)
countylevel cities Shenyang, Dandong, Dalian, Tieling, Benxi, AnsharL{aoning Province)
Nanjing, Suzhou, Wuxi, Changzhou, Zhenjiang, Nantoigngzhou,
Yancheng, Huai'an, Xuzhou, Taizhou, Changshu,
Zhangjiagang, Jiangyin, Lianygang, Kunshan (in Jiangsu Province)
Fuzhou, Quanzhou, Zhangzhou, Longyan, Xiamen (ireRgjiProvince)
Hangzhou, Wenzhou, Ningbo, Jiaxing, Shaoxing, YiwlZ{iejiang Province)
Yantai, Qingdao, Jinan (in Shandong Province)
Shijiazhuang, Tangshan, Zhangjak Qinhuangdao (in Hebei Province)
Luoyang, Zhengzhou, Xinxiang, Nanyang, Linzhou, Jiagzényang (in
Henan Province)
Harbin (in Heilongjiang Province)
Guiyang, Anshun, Tongren, Duyun, Zunyi (in Guizhou Rrog)
Hefei (in Anhui Province)
Nanchang, Jiuging (in Jiangxi Province)
Changsha, Xiangtan, Yueyang, Zhangjiajie, Hengyamglgnan Province)
Chengdu, Mianyang, Deyang, Yibin (in Sichuan Prog)nc
Kunming, Yuxi, Qujing, Mengzi (in Yunnan Province)
Haikou (in Hainan Province)
Nanning (in GuangxZhuang Autonomous Region)
Wuhan, Xiangfan, Yichang, Zhongxiang (in Hubei Prmé)
Xian (in Shaanxi Province)
Taiyuan (in Shanxi Province)
Baotou, Ordos, Dongsheng, Hohhot (in Inner Mongalidonomous Region)
Changchun (in Jilin Province)
Yinchuan (in Nimgxia Hui Autonomous Region)
Lanzhou (in Gansu Province)
Urumgi (in Xinjiang Uyghur Autonomous Region)

Adapted from: Yang, 2010.
Table 5.2 Cities banning or restricting motorcycles
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As mentioned in the previous section, e-bike development was on the niche level
while the motorcycle industry were set as a priority by governments andssdlzb

a prevailing constituent in the regime. However, the motorcycle developmepticaus
some problems such as: 1) motorcycles were the source of many accidehts; 2)
emission of millions of motorcycles led to serious air pollution, whi@nisspecially
important topic as China became more of an international focust(&le 2013); and

3) motorcycles formed obstacles impeding the intensive city construction (\&tine

al., 2007). Out of these concerns, many cities in China have started to partially or
even completely ban motorcycles and scooters since 1997 (Table 5.2).ceme
restricted the number of motorcycle licenses or suspended the issuance of new
motorcycle licenses. Some cities precluded motorcycles from the aoiiye aa major

roads in the city. By 2009, motorcycles and scooters were banned or restricted in over
170 cities (Cao and Fan, 2009). The sudden switch of the central governmentOs
attitudes towards the motorcycle industry is one of the Oavalanche changfesO
landscape level, which triggered the occurrence of de-alignment process in the
existing motorcycle urban transport regime and left an vacuum for the spontaneous

emergence of the e-bikes.

After the implementation of motorcycle bans, motorcycle sales experieaced
fluctuation. In the countryOs vast rural areas, the declination was not aigr{iRoan

et al, 2012), because the negative influence of the ban was alleviated by OThe home
appliances going to the countryside planO released by the Ministry of Fimahce a
Ministry of Commerce in 2008. The plan was intended to stimulate the shles
household appliances (including motorbikes) in the countryOs rural areas at prices 13
per cent lower than those in cities during 2008. In most of the cities, howewer, t
de-alignment process of motorcycles was obvious. The local motorcycle basdcreat
opportunities for multiple niche activities, including the growth of three-wheel
vehicles. However, the primary beneficiary was e-bikes, which entered ahes-w

vehicle regime with the fast market expansion and mass productetra(Ji2012).
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In contrary to the recession of the motorcycle industry, e-bikes have enjoyed a smooth
development period since 1999, when an e-bike national standard was released by the
central government, which specified the speed, weight and power of e-bikes. In 2004,
ORoad Traffic Safety LawO was issued by the Department of Siffte Tontrol
Bureau, clearly defining e-bikes as non-motorised vehicles, permitting e-bikaaisers
use e-bikes without a driverOs license, and allowing e-bikes to travel on lsingsle
Although e-bikes did not benefit from any direct support policy from central
governments, they were given at least a legal status, which laid the grouridwork

the spontaneous emergence of e-bikes. Moreover, the bicycle lanes thatresg al

in place, can be shared with e-bikes, and manufacturers of traditional bicycle

accumulated some technologies which can be transferred to e-bikes taia cert

degree.

1997 1998 1999 2000
Motorcycles 10,039,362 8,793,443 11,269,136 11,533,848
E-bikes 54,500 126,000 276,000
E-bikes/motorcycles  --- 0.62% 1.11% 2.39%

Adapted from: Liu, 2008.
Table 5.3 Output of motor bicycles and e-bikes from 1997 to 2000

With the opening of this niche market, the output of e-bikes increased dratyatic

As Table 5.3 shows, the output reached 54,500 in 1998, 126,000 in 1999, and 276,000
in 2000. In comparison with motorcycles, e-bike output in 1998 was only 0.62 per
cent of motorcycle output, but this proportion increased to 2.39 per cent in 2000. In
2005, the sales of e-bikes for the first time exceeded that of thergaswtorcycle in

China (Ruanet al, 2012). After that, e-bikes further diffused into the market,
particularly in urban areas, and the continuous expansion widened the gap with

motorcycles.

Attracted by the broad e-bike market prospects, a large number of bicycle and
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motorcycle companies flooded into the e-bike industry, including some famous
traditional bicycle brands (Yongjiu, Phoenix) and motorcycle brands (Sundiro,
Qianjiang). Up to 2003, more than 1,000 companies had entered the e-bike market.
This fierce competition accelerated the growth of the e-bike market, amd m
importantly drove the companies to enhance technology innovation, lower production
costs, and improve customer service. With the rapid economic growth and the
frequent transport requirements, the consumers had a stronger desire and higher
income levels to pursue the e-bikes and were attracted by their appearange; supe
performance, and higher degree of comfort and flexibility. During 2003, the first
e-scooter model was developed; these are able to carry cargo or a passenger and
greater speed and comfort (Figure 5.2). Thereafter, advanced hybrid e-bike models
were produced and won immediate popularity in the market, because of their lighte
weight and lower cost (Figure 5.3). By 2010, only 16.1 per cent of e-bikes were of
non-advanced hybrid designs based on traditional bicycles, whereas 26.2 per cent
were e-scooters, and 57.7 per cent were advanced hybrid models (National Bike
Industry Information Centre 2011, cited in Rugtral, 2012, p.449). The prevalence

of e-scooters and advanced hybrid models in the market signified the substantive

technology progress and huge commercial success of e-bikes.

As well as adopting different two-wheel architectures, e-bike manufactls®
focussed on the technologies of the key components, such as batteries, motors and
controllers, in which batteries are particularly critical since they tjreletermined

e-bike performance in multiple aspects. The dilute lead-acid battengallynit
dominated the e-bike industry, which eventually impeded the market expansion of
e-bikes. After that, e-bike models adopted valve-regulated lead-acid (VRLA)dmtte

with the advantages of lower costs and higher reliability, which met thardeof the

lower income class to a certain degree. In 2005, more than 95 per cent of esbikes
AGM (absorptive glass mat) VRLA in China, with the rest using Li-ion, Ni;NH

NiCad (Weinertet al, 2007). Many e-bike manufacturers started to apply Gel

(gelified electrolyte) VRLA batteries. An increasing number of manufacturers
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invested more in e-bike technology, especially lithium battery deployment. For
example, the estimated output of lithium-powered e-bikes grew from 461,540 in 2010
to 750,000 in 2011 (Wei, 2013). E-bike retailers also improved the battery service.
Some retailers also provided a battery repair and recycling service. In ordeieteeac
customisation, some e-bike retailers sold frames and batteries sepatidsling
customers to combine the battery with the frame according to their preferamte
facilitating the battery repair or update. Therefore, the trend of e-bike mamefac

was to develop and produce higher performance and higher value products with good
customer service. From 2000 to 2004, the brushless motors, usually called brushless
direct current motors, were developed (Zheinal., 2006). Compared with the
previous motor types, for example the coil motors, the brushless motors have a low
material cost, low noise, higher efficiency and a very long lifespan (10D20. yrars
addition, the brushless motors do not cause electric shock from batteriss. Thi
significant improvement stimulated the e-bike market. In 2005, sales of e-bikes
reached 15 million (Zhewet al, 2006). More recently, most of e-bikes have been

equipped with a rear wheel brushless hub motor.

As suggested above, the e-bike transition has followed pathway P2 (de-alignohent a
re-alignment pathway) at national level from about 1999 onwards. The example
shows de-alignment of the motorcycle transport component of the established
mobility regime, because of many landscape developments and regime actornview
parallel, multiple niche markets emerged and co-existed after the mdtotmaas

were imposed. However, e-bikes rapidly became dominant, potentially forming the
core for the re-alignment of a new regime in a process that is currently ongang.
around 2010 onwards the cumulative penetration of e-bikes contributed to the
displacement of other modes in urban areasgfxal, 2014). From the perspective of

the multi-scalar transition theory, the development of e-bikes is inhomogeneous
across the various areas of China. In some cities in south China, e-bikesrsand ca
appears to have dominated the market. For example, the household ownership rates of

e-bikes and private cars are 34.56% and 37.97% in Nanjing, respectively (Nan, 2013).
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By contrast, in a view of the national level, the e-bike has no clear tstibstifor

motorcycles or other modes, but has become additional to them.

The shifting of the mobility regime mainstream from motorcycles to e-likes not
necessarily mean that motorcycle technologies are completely obsoleteaand
therefore failed in the competition. The failure of motorcycles can bmlyna
attributed to the policy intervention. The bans from governments simply precluded
them from the market in relation to administrative means. It is pogtiates-bikes
have encountered the same problem. As discussion on the Section 5.4.8jtesme
started to issue e-bike restriction polices. These regime actions helkature for

e-bikes uncertain.

On the other hand, the technology development of e-bikes are not negligible, which
possessed some advantages over motorcycles to better satisfy some relstome

demand for personal mobility, and enabled e-bikes to capture the opportunity created
by Omotorcycle bansO. Therefore, the technology accumulation of e-bikes and

motorcycle ban policies combined to motivate the rapid growth of e-bikes.

5.6 Two examples at the municipal level: Beijing and Fuzho

City Initial e -bike policy Second ebike policy
Beijing 08/2002: Complete ban of -bikes 01/2006 Issue licenses for -kBikes and
on 1 January 2006. permit licensed ikes to travel
in the city.

Fuzhou 06/2003 Ban the sale of-bikes. 04/2010 Issue licenses for -bikes and
permit licensed +ikes to travel
in the city.

Table 5.4 City-level policy on e-bikes, Beijing and Fuzhou 2002 to 2010

Now we use the secondary data to study the transition pathways with réspect

e-bikes (RQZ2) at the micro-scales. the cities. In the cities we studied, Beijing and
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Fuzhou, we will find that the e-bike transition also followed P1 and P2 pgthw
although the main landscape pressure is from e-bike bans rather than motomycle ba
An example is that of the enactment of the local policy on banning e-dukethen
subsequently accepting them. In this process, the crucial regime actorscare |
government and local transport management departments. Table 5.4 shows the

treatment of e-bikes in Beijing and Fuzhou, which will be detailed below.

5.6.1 Beijing

With the urbanisation and industrialisation of China, a large number of people from
rural areas flooded into the cities like Beijing for new employment oppodaniti
These newcomers normally had low income level, and thus could not afford the high
living costs in central areas of Beijing. Majority of them had to renbractodation

in the suburban districts with the long commuting distance to the working place
(Zhanget al, 2013). However, the routes of public transport system were very limited
to cover their living places, and the motorcycle bans in 1985 further exacerbated the
transport issues. Fortunately, e-bikes emerged with the advantages of lovastost, f
speed, personal mobility and convenient accessibility, which could meétizeasO

travel demands to a large degree (Cherry and Cervero, 2007).

However, the Beijing government reacted negatively to the adoption of e-bikes and
banned e-bikes completely in August 2002. The government declared that the e-bike
ban policy would facilitate traffic management and release more urbasspaed for
automobile development. This change in landscape caused citizen persondy mobil
problems and was subjected to the criticism from media. Some jourraiigtsed

that the city authorities neglected the desires and travel requiremethis péople.

They showed the evidence that the penetration of e-bikes in Beijing was 60tB80 at
end of 2001, followed by 36,000 sales in 2002 (Gao, 2002; Fan, 2004; Zhang, 2004),
in order to justify the argument that e-bikes had been embedded well iife thegtting
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of many e-bike users. Moreover, Beijing News conducted a poll on purchase
intentions with respect to e-bikes, and the results revealed that 2.1Xh mp@ople

had strong intention to purchase an e-bike in the future (Zhang, 2006). However, the
city authorities insisted on eliminating e-bikes from the transport syatempaid

most attention to the automobile industry, for example, by hosting the Beijing
International Auto Show, involving the automobile industry in its tenth five-year plan,

and by constructing a new 128km highway (Bai, 2002).

E-bike ban was also opposed strongly by e-bike users and manufacturers, energy
companies, and the battery industry (Zhang, 2006). Academics from social science
research, city planning and law published many papers to argue against the
inappropriate e-bike ban policy (Zong, 2002; She, 2002). In response to increased
public pressures, local government and the standing committee of Beijing Municipa
PeopleOs Congress held a public legislative hearing to discuss the edgikeniSs
September, 2004 (Beijing PeopleOs Congress, 2004). However, the government still

did not lift the e-bike ban after the legislative hearing.

However, the situation was altered in 2006. During the fourth session ofnthe te
Beijing PeopleOs Political Consultative Conference (14D18 January 2006), some
delegates proposed Othe suggestion of advocating resource saving and
environmentally friendly transportation tools N e-bikesO. The delegates argued that
e-bikes made a great contribution to personal mobility with distinguishing feature
among the available transport vehicles, such as affordable prices, ftgxibéing
environmentally friendly, performance, and labour-saving convenience (Guo, 2006).
In the proposal, four main suggestions were posed: 1) lift the e-bike bans; 2nssue
e-bike license; 3) establish clear battery recycling rules; and 4) forbid £tbikevel

on the motorway. This proposal was subsequently adopted by the Beijing

government.

Before Beijing government lifted the e-bike ban policy in 2006, e-bikes were
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restricted to a niche level and had not yet been sufficiently developediimgB&he
penetration of e-bikes in Beijing was estimated at 180,000 at the end of 2005(Liu,
2008). Although this number was three times more than that in 2001, butilk is st
trivial considering that the penetration of private cars in Beijing was 1.Bémin

2005 (Rong, 2006). However, after Beijing lifted the e-bike ban policy, e-bikes grew
dramatically and the penetration of e-bikes reached 700,000 in Beijing in 2012 (Zhen,
2012). A citizen said Ol bought an e-bike before. Now that the government has lifted
the e-bike ban, I am going to buy another one for my child. His working place is very
far away from home. In the past, when | was riding the e-bikes, | was alveagyedv
about the traffic policeman asking me to pull over. | am happy to ride my exk®
(quoted in Ma, 2006). Also, the manager of the E-bike World Shopping Mall stated
that e-bike sales increased by 50% after the e-bike ban was lifted (Ma, 2666, H

the e-bike market was stimulated as a whole because the city goveaitersd the

strategies on e-bike ban policy.

5.6.2 Fuzhou

Fuzhou is the capital of Fujian provinces and has developed economy. The Fuzhou
government initially acquiesced to e-bike use, but then banned e-bikes, eventually
accepting them again in 2010. The transition of e-bike policy in Fuzhou (thel cépita
Fujian province) reflects the interaction between the public and the goveroment

policy-making.

Due to the vacuum caused by the motorcycle ban policy, e-bikes developed with
remarkable rapidity. However, the explosive increase of e-bikes was beyond the
expectation of the government. Faced with some safety and transport management
problems caused by e-bikes, and lacking the experience in managing the new
transport form, the Bureau of Public Security of Fuzhou government issued a ban on

e-bikes (Jue, 2001). This ban ignored the practical transport needs behind the e-bike
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growth and irritated the e-bike users, whose representatives sued the Bureaicof Publ
Security for the infringement of public legal rights and interest in July 2001 (Cai
2003). The case ended in success for e-bike users. After that, the selbsed
increased rapidly, arriving at 100,000, and the number of e-bike retailers rose to more
than 100. In the ninth Fujian PeopleOs Congress Conference (January, 2002), the
deputies proposed to issue e-bike licenses in order to further legalise e-bikes.
Moreover, a consultation of e-bike issues comprising of PeopleOs Congress deputies,
traffic police, officers of Municipal Transportation, journalists, and comnasit

required the city authority to respect public opinions (September, 2002).

However, the Fuzhou government still held a negative attitude towards eabites
found another way to hamper their development. On 1 June 2003, the government
held a news conference to announce that the sales of e-bikes would be baened. T
government argued that the e-bike ban policy was out of the concern of limited roa
resources, safety issues, and battery recycling issues (Wang, 2003). The e-bike
companies strongly opposed this policy and claimed that the administratoesao

forbid e-bike sales are illegal. The opponents obtained wide support from the
Standing Committee of the Fujian Provincial Consultative, the Committe®oimal

and Legal Affairs, e-bike user representatives, and the Complaint and Supervision
Department of Customer Committee. Finally, some e-bike companies sued the
Fuzhou Industrial and Commercial Bureau for its e-bike sale ban regulatioleat a

court (Ruan, 2003).

This case gained wide attention from the public. The majority of thes maslia,
scholars, and e-bike users stood on the side of e-bike companies. Journalists
conducted intensive reports by interviewing officers from Fuzhou government, e-bike
retailers and e-bike users (Liu, 2003). One academic fellow of the ChinaserAg

of Engineering declared that Ol am unequivocal to support the e-bike industry to
enforce the Fuzhou city authority to correct their inappropriate method through

administrative appealO (China Bicycle, 2003). The prosecutors received a generous
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donation from 106 e-bike companies (Jia, 2003). Unfortunately, the court rejected

prosecutorsO requirements (Da, 2003) and e-bike sales were forbidden in Fuzhou.

On 28 October 2003 the State Council issued OThe Road Safety Law of PeopleOs
Republic of ChinaO, which treated e-bikes as non-motorised vehicles, legalising
e-bikes in the range of the whole nation. However, this did not become a turning point
for e-bike development in Fuzhou. The law left some space for local govertonent
operate on restrictive regulations: e-bikes should be registered at thePidued
Security Bureau in order to travel on roa8sateCouncil, 2005). Hence, the sales of

e-bikes still stopped, and most of the shops only offered customer service (Lin, 2005).

The situation was altered in 2006. At this time, Beijing lifted e-bikesland issued

e-bike licenses, so the topic of lifting the e-bike ban again came baxlpublic

debate in Fuzhou. At the ninth Fujian Province PeopleOs Political Consultative
Conference (24 January 2007) and the following Fuzhou PeopleOs Congress
Conference (10 February 2007), some deputies advocated to lift the e-bike ban, on the
ground that e-bikes mainly satisfy people with lower incomes, and the public
authorities must consider and respect their demands for personal mobility. loraddit
e-bikes served as OgreenO products by reducing congestion and contributing to
improving air quality. The provincial government were expected to take concrete
measures to facilitate a battery recycling system and establistatigards of e-bike

speed, weight and models, instead of banning them.

After the congress conferences, the Fuzhou government started to gradually loosen
the restriction on e-bikes (Chen, 2007). On 1 June 2007, e-bikes were granted the
permission to travel on two main roads in Fuzhou city centre, and then extended to

two more main roads on 1 June 2008. To further safeguard rights and interests, e-bike
users expressed their opinions on TV, and in newspapers, magazines, e-bike user

forums, and an online Oe-bike bansO seminar (Yi, 2009; Dongnan Site, 2010).
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Subject to the continuous pressure from public, the Fuzhou government published a
consultation version of OFuzhou E-bike Administrative MeasuresO on 29 March 2010
and held a news conference to explain the law terms and the detihiés feedback
system (Fuzhou Legislative Affairs Office, 2010). Shyomfterwards, the OFuzhou
E-bike Administrative MeasuresO were approved. The government clearly dpecifie
permitted e-bike models, and the places for registration and obtaining a lidéres
government established a special website to facilitate people tacgess to the

related information (Fuzhou Government, 2010).

5.7 Conclusion

The chapter provided an overview of the e-bike industry in China and an analysis of
the transition of e-bikes. There are three e-bike industry clusters, nameiyn,Tia
Zhejiang, and Jiangsu. The main reasons that these three regions domigabeéhe
industry is that it is built upon the existing bicycle or components industry hasd t
three regions emphasised the R&D of e-bike innovations and development. The
formation of the e-bike industry clusters followed a de-alignment and re-alignment

transition pathway (P2).

To investigate the transition process of e-bikes, we applied the Multl-Leve
Perspective with a multi-scalar manner, which is suitable for a couk&yChina
with its large population, vast geographic space, and complicated politioetuse.
We divide China to three scalars or levels: macro-level (China), meso-level

(Province), and micro-level (city).

Through a historical narrative on the emergence of the e-bike market in China from
transitions pathway perspective, it is revealed that the rapid e-bike emmerge
China is spontaneous, which is a distinctive feature compared with othaiiclais

cases of transitions discussed in the majority of the literature.aldusanswers the
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research question RQ1 posed in the introduction chapter of the thesis.

It is worth noting that the spontaneous emergence of e-bikes does not denydhe effe
of state intervention or other favourable conditions. Admittedly, the Road Safety

by central government classified standard e-bikes as non-motorised vehiclds, whic
means that e-bike users do not need a license and can ride e-bikes onldmegle
The ban of traditional gasoline motorcycles also created an opportuniste fgpac
e-bikes emerging in the two-wheel mobility regime. In addition, the e-bikes als
benefited from the cumulative technology and the developed infrastructure of

traditional bicycles.

By spontaneous emergence, we mean that the rapid development of e-bikes did not
enjoy direct support from positive and purposive policy of central or local
governments. The central government did not sponsor R&D programmes for the
e-bike and did not implement asyimulus policies to encourage consumers to adopt
these vehicles. Some local governments even restricted or banned them. But the
technology development of e-bikes made themselves adapted to the new trend of
personal mobility requirement, and capture the opportunities which are not

intentionally created to benefit e-bikes.

Using multi-scalar MLP, we identified two sequential transition pathvedyes-bike
development in the national level of China (mascale) the transformation pathway
during 19801999 (P1) and the de-alignment and re-alignment pathway during 1980D
1999 (P1). In addition, in the micro-scalee revealed that the transition pathways in
Beijing and Fuzhou are al$tl and P2. The difference is that in the national level the
landscape pressure was from motorcycle bans, but in the cite levehgBeaid
Fuzhou) the landscape pressure arose from e-bike ban policies. The anallgsis of t
transition pathways explained the rapid emergence and enduring popularity of e-bikes

in China (RQ1 and RQ2).
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Chapter 6

A Case Study ofElectric Bicycles in Nanjing:
Sustainable Transport Consumption Behaviour
and Societechnical Transition Part 1

6.1 Introduction

In this chapter, the Multi-Level Perspective (MLP) is applied to invastigabike
development in China. The Multi-Level Perspective has been widely used yseanal
topics such as transport and mobility (Wells and Nieuwenhuis 2012, Geels 2012,
Wells and Beynon, 2011), domestic energy (Byal, 2010), and water management
(van der Bruggeet al, 2005). However, most of these studies focused on the
interactions and functions of institutions and organisations in socio-technical
transitions. Research on individual choice and sustainable consumption behaviour
related to the MLP is still lacking. In addition, from a theoretjpaitspective, the

MLP does not clearly elucidate how behavioural-institutional change might occur
(Whitmarsh, 2012). To fill the aforementioned research gaps, a survey was performed
in Nanjing to explore the e-bike transition process by asking a wide range tbgsies
related to travel behaviours, consumption behaviours, culture, markets, user practices
technology innovation, infrastructure, and policy. The survey would answer the
following research questions: 1) how e-bikes are OembeddedO in the current transport

regime (RQ3); and 2) the mechanisms underlying the rapid development of e-bikes

(RQ5).

The remainder of this chapter is organised as follows. Section 6.2 briefigunes
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how the survey was implemented. Section 6.3 presents the survey data atateatie re
results from statistics models. Section 6.4 provides a further an&lysadly, Section

6.5 summarises the chapter.

6.2 Survey implementation

Surveys were conducted in Nanjing City in the period from late August 2014 to early
November 2014. The surveys targeted e-bike users, non-e-bike users (bicycle users,

car drivers, pedestrians) and traffic police.

The survey of e-bike users consists of three parts: 1) demographic questions; 2) the
previous travel modes, travel time, future choice, alternative modes, usries), a
feelings and use preference and 3) attitudinal questions to e-bikes and future
suggestions. The surveys of bicycle users, car drivers and pedestrians comgise thre
parts: 1) demographic questions; 2) e-bike ownership information; and 3) attitudinal
guestions to e-bikes. The surveys of traffic police asked about e-bike waféitons

and attitudinal questions.

The survey locations were chosen to be commercial centres, residentialimibissn

e-bike repair shops and e-bike parking places throughout the urban areas. Because
commercial centres are concentrated with a large number of people veitlety of
backgrounds, so we expected that the sample could be reptiesetiota great extent.
However, it could be detrimental to the sample diversity by choosing the peopie

in the residential communities in the city centre, because they may higiver
education and income level than average. Residential community workers, e-bike
maintenance technicians and office workers helped conduct the intercept stnmveys
total 1,053 responses were collected. The number of responses for each group is:

e-bike users (403), bicycle users (200), car drivers (200), pedestrians (200) and traffic
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police (50). The figures and tables in the next section illustrate thebda&al on

usable responses for each category and question.

6.3 Survey results

This section presents and analyses the survey results. It starts witiptoesc
statisticson e-bike usage and user characteristics. After that, a Generalrssal Li
Model is built to predict future e-bike adoption. To further analyse the influencing
factors of travel mode choices and understand the transport system tramsition,

Binomial Generalised Linear Modisl established.

6.3.1 Demographics of e-bike users

According to our survey, the characteristics of e-bike users in Nanjing, Chirea, hav
significant differences compared with other countries, which will betiitesd in

detail from the following perspectives:

Age

From Figure 6.1, we can see that the age groups of the participants tend to be
positively skewed. The ages of e-bike users in the study predominantly range from 19
to 39 years old. A survey conducted by Cherry and Cervero (2007) showed similar
results in that the average age of e-bike us@s36.4 years old in Shanghai and 33.1
years old in Kunming. Another survey carried out in Shijiazhusgpresented that

more than 70% of e-bike users ranged from 24 to 40 years old (Weinert et al, 2008).
The result is also consistent with the e-bike survey conducted in Chengdu, which

showed that 86% of e-bike users were between 20 and 39 years old (Wang, 2010).
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The low age characteristic of e-bike users in China is distinct fromn ctlsatries. In
countries such as the UK, the Netherlands, and Denmark, elderly cyclitte anain

group to adopt e-bikes (Parker, 2006; Roijen, 2010; Schepeak 2014). E-bile

user studies conducted in the United States regdinat the average age of e-bike
userswas48 years old (Dill and Rose, 2012). In Australia, only 20% of e-bike users
are below 39 years old (Johnson and Rose, 2013). A survey among early adopters
(Wolf and Seebauer, 2014) conducted in Austria presented that the early e-bike users
were mainly comprised of persons aged 60 years or older. The reason is thhewith
assistance of electric motors, e-bikes are viewed as a solution rmioveg hilly

terrain and for long distances for elderly cyclists.

100.00%

80.00%

60.00%

40.00%

% of survey respondents

20.00%

0.00%
Below 18 19-29 30-39 40-49 50-59 60-69 Above 70

(Sample size, 399-bike users)
Figure 6.1 Age group of e-bike users: Nanjing survey

Gender

Table 6.1 shows that the portion of female e-bike users (44.95%) is closeeto mal
e-bike users (54.55%). In addition, this gender distribution of e-bike users is also

consistent with the overall gender distribution of Nanjing City (49% female)jifig
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Staistics Bureau, 2014). In other survey results of e-bike users in China, the gender
distribution of e-bike users has a similar tendency (Weiekedl, 2007; Xuet al,

2014). In comparison, the majority of e-bike users in western countries are male: 71%
in Australia, 60% in Austria and 63% in USA, respectively (Johnson and Rose, 2013;
Wolf and Seebauer, 2014; Popovethal, 2014).

Demographics Categories Percentage in the sample %
Gender Male 54.55
Female 44.95
Education Secondary school and below 16.83
High school 19.35
College degree 18.34
University degree 35.93
Master degree and above 9.30
Income (CNY/month) 1,500 and below 13.15
1,5003,000 27.79
3,0004,500 36.97
4,5066,000 13.15
6,000 and above 8.93
Cars Households withoua car 57.57
Households with one car 37.72
Households with two cars 3.47
Households with three cars 1.24
Motorcycles Households without a motorcycle 77.17
Households with one motorcycle 22.33
Households with two motorcycles 0.5
Bicycles Households without a bicycle 50.13
Households with a bicycle 40.69
Households with two bicycles 7.69
Households with three bicycles 1.49

(Sample size: 399-bike users)
Table 6.1 Demographics of e-bike users: Nanjing survey

Education

Table 6.1 shows that the education level of e-bike users in Nanjing, Chiaitnes
high. 63.57% of e-bike users have obtained a college degree or above, and 45.23% of

e-bike users have completed a university degree. This finding is contrastthevit
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media portrayal and some previous literatures which declared that e-bike users
normally had a poor education. For example, the study of e-bike users in Shanghai
and Kunming showed that the average education level of e-bikewssiggh school

level (Cherry and Cervero, 2007). In addition, many reports apgpéarbe biased
against e-bike users and suppose that the lower education level of e-bigastbe

main reason for a large number of traffic rule violation incidents éBail, 2012).

The difference between our findings and the previous literature could indnzdte
members of the e-bike user group have gradually changed and that higher education
citizens progressively adatte-bikes, or may be a feature of this particular survey in
Nanjing. It is possible that the city centre location resulted in more &du¢and

better paid) individuals being captured by the survey.

Income

Approximaely 59% of participants earn more than CNY 3,000 per month. Taking
into account that the range of equivalent household income of Nanjing City varies
between below 1,556 (low level), 1,556 to 3,040 (lower-middle level), 3,040 to 6,200
(higher-middle level), and above 6,200 (high level) (Nanjing Statistics Bureau, 2014),
the household income of the e-bike users in our study is rather high, which matches
the high level of education backgrounds of e-bike users. This user characteristic
complements the study by Johnson and Rose (2013), but is against many studies
which stated that the education level and household income of e-bike users we
rather low both in China and other countries (Wolf and Seebauer, 2014). Our finding
might suggest that an increasing number of highly educated people are adopting

e-bikes to achieve their personal mobility.

The ownership of other vehicles

Table 6.1 furthermore illustrates that the average household car ownership rate i
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e-bike users is 48.83%, which is much more than the overall average household car
ownership rate in Nanjing City (32.5) (Nanjing Statistics Bureau, 2014). The average
household motorcycle ownership rate in e-bike users is also far higher than average
Nanjing City (23.83% versus 4.5%) (Nanjing Statistics Bureau, 2014). In contrast, the
household bicycle ownership rate of e-bike users is 66.54%, which is much lower
than the overall household bicycle ownership rate in Nanjing City (89%) (Nanjing
Statistics Bureau, 2014). Among these three vehicles, bicycles are theviehegt
adopted vehicles. Very few participants possess motorcycles, wihgit be the

consequence of the motorcycle ban policy.

6.3.2 E-bike mode choice behaviour

100.00%

80.00%

60.00%

40.00%

% of survey respondents

20.00%

0.00%
10-15 20-30 31-50 above 60 above 80

(Sample size: 309-bike users)
Figure 6.2 The maximum trip time (minutes): Nanjing survey

Travel behaviour is likely to be affected by numerous external and internatstac
The survey asked e-bike users to answer the questions regarding trip time, trip

purpose, model choice, previously used modes, primary alternative modes, reasons for

16¢



e-bike adoption, reasons why not to use e-bikes, the future choice of e-bike adoption,

alternative mode choices, and reasons for alternative mode choices.

Trip time

Figure 6.2 shows the maximum trip time when travelling with e-bikes. The tyajori

of e-bike users (47 %) stated that 20 to 30 minutas the maximum trip time,
followed by 31 to 50 minutes with 30% of the responses. The average of the e-bikes
usersO maximum trip time is 41 minutes, which is slightly longer tharumheys
results in Shanghai (25.26 minutes) and Kunming (20.28 minutes) (Cherry and
Cervero, 2007). The survein other cities, such as Beijing, Tianjin, Handan,
Changchun, Jinan, and Huhehot (Wang, 2010), showed the similar average trip time
(from 20 to 30 minutes). In the recent survey in Shanghai, the average trip time for
e-bikeswas 31.82 minutes (Yeet al, 2014). This could suggest that the trip time
tends to be longer with the passage of time. There may be two explaratitins
phenomenon. Ones that the city extensions increased the demand for longer trip
times. The otheis that the technological progression of e-bikes enabled them to travel

for a longer time.

It is noteworthy that the survey did not ask trip length questions. The main isason
that travellers are more sensitive to the travel time rather thafistaace according

to the time budget theory. But we can still calculate the trip length biphyig the

trip time with e-bike speeds. Given that the average e-bike speed adoptedindy

is 18.2 km/h according to the proportions of e-bike types in the market (Wang, 2010),
47.35% of travel distances are from 6.77km to 9.1km, and the average travel distance
is 12.19 km. The result is higher than the e-bike travel distance in Kunming,
Changchun, Jinan, and Huhehot, which ranges from 3 km to 5.66 km (Cherry and
Cervero, 2007; Liu, 2008; Wang, 2010). Also, the trip distance in our sample is higher

than that in Beijing and Tianjin which ranges from 6 km to 10 km, respectively
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(Wang, 2010). The result could suggest that the e-bike trip distance tendengédre |

and the travel demand on motorised personal mobility is increasing.

Trip purpose

100.00%

80.00%

60.00%

40.00%

% of survey respondents

20.00%

0.00%
Commute Pick Up Leisure Visit Friends Go to School Go to metro Go to Shop Business
Children

(Sample size: 394 -bike users)
Figure 6.3 Trip Purpose of e-bike adoption: Nanjing survey

Figure 6.3 illustrates the distribution of e-bike trip purposes. Commuting holds the
overwhelming majority for all trip purposes (66.5%), followed by collecting children
(24%). The frequencies of leisure, visiting friends, going to school, accessing metro
and going shopping are almost teme(10%). The result indicates that e-bikes are
mainly adopted for utility use in China, which is a distinctive use chaistate
(Weinertet al, 2007; Cherry and Cervero, 2007; Wang, 2010; Rose, 2012t dle

2014; Zhanget al, 2014). In contrast, in other countries e-bikes are more likely to be
used for leisure (Parker, 2006; Roijen, 2010; Dill and Rose 2012; Scheipaks

2014; Wolf and Seebauer, 2014), so e-bikes are still a niche market, although some
efforts have been made to promote the use of e-bikes to replace thecass fafr

commuting purposes in the UK, Australia and France (Pierad, 2013; Johnson
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and Rose, 2013; HZran, 2014).

Previously used travel modes

100.00%

80.00%

60.00%

40.00%

% of survey respondents

20.00%

0.00%
Bicycle Bus Walking Motorcycle Metro  Private Car Taxi Coach Tricycle

(Sample size: 403-bike users)
Figure 6.4 The mode previously used prior to e-bike acquisition: Nanjing survey

Regarding the previously used transport mode of the e-bike users, the most frequent
response was bicycles (39%) (Figure 6.4), followed by buses (37%) and walking
(28%). These results indicate that e-bikes are an ideal alternative todulets and

buses The survey of Shanghai and Kunming (Cherry and Cervero, 2007) showed that
the top three previously used modes wereefubicycles and walking. Another
survey in XiOan reported the similar results that more than 85% e-bike users
transferred from buses, bicycles, and walking €Xal, 2014). Therefore, it has been

a universal phenomenon that a large number of travellers transfer from hibysss

and walking.

In comparison, less than 17.5% of e-bike users transferred from motorcycles, which

implies that the motorcycle ban policy did not cause motorcycle users to shift to
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e-bikes; this will be discussed in detail later in theithes

Around 29% of e-bike users transferred from the metro, which is much higher than
that in Shanghai (10%), and XiOan (1%) (Cherry and Cervero, 20@T;aXu2014).
An explanation may be that only four metro lines operated in Nanjing aintkeeofi
the survey, while metro networks in Shanghai and XiOan wedtaleveloped and

robust.

In the survey, 12% of private car users also adopted e-bikes to improve their personal
mobility in Nanjing, which is nearly three to six times higher than in Shar(gpe),

XiOan (2.6%), and Kunming (4%) (Cherry and Cervero, 2007et)Xd1, 2014). A
possible reason for this is that the car ownership rate and household inctime of
Nanjing sample is much higher than in other cities. Another possible reaiwat is
traffic jams and the lack of parking spaces motivate private car tsdmsd an

alternative.

Reason for choosing e-bikes

100.00%

80.00%

60.00%

40.00%

% of survey respondents

20.00%

0.00%
Effort Saving Time Flexibility Low Operation High Time Saving Environmentally Low Purchase Health
Cost Accessbility friendly Cost

(Sample size: 393-bike users)
Figure 6.5 Reasons for e-bike adoption: Nanjing survey
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Figure 6.5 shows the reasons for e-bike adoption. Effort saving is the most pgevaili
reason for e-bike adoption with a 40% response rate, followed by timeilitgxdand

low operation costs. High accessibility, time saving, being environnerfitendly,

and low purchase costs have a 30% to 20% responseAtdieugh e-bikes are
verified as a new active transportation mode to benefit health (Gojastaalic2011),

only 5% of respondents chose e-bikes as their daily transport vehicles for $lois. rea
Hence, the most important factor of mode choice is practicability,wdgcees with

the trip purpose research, where we find that people in China use e-bikes for

commuting instead of leisure use.

The reasons for e-bike adoption in our study are different from others. The survey
resultsin Shanghai showed that the time saving aspect had the highest response rate
(48%), followed by the inconvenience of using the bus, a desire to save money, and
convenience (Yet al, 2014). In the study in Shanghai and Kunming, the high speed
of e-bikeswasthe primary reason and the second most prevalent reesoeffort

saving (Cherry and Cervero, 2007). In the study of e-bikes in Shijiazhuang, the
reasons for e-bike adoptions were ranked as follows: 1) e-bikes were faster than
bicycles; 2) e-bikes had more time flexibilities compared with buses:b#es were
comfortable to use; 4) buses were too crowed; and 5) commuting distancdsavere
long for bicycles (Weineret al, 2008). The findings may indicate that the e-bike
adoption reasons could vary by city due to different situations related to the

development of the other transport modes.

Taking into account the previous travel mode of e-bike users and the reasons for
choosing e-bikes, we can find that different travel mode users transfer kesetdi
different reasons. The main reasons for bicycle users to shift to e-bé&kekia to

effort saving and faster speed. For pedestrians, bus users and bicycle useostthe
frequent responses were effort saving and time flexibility. This imgiesthe travel

priorities tend to be time saving, high productivity and personal freedom. Tinmgsavi
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and high accessibility are the main reasons that bus users and privaersashift to

e-bikes in our study.

The situations when not to use e-bikes
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0.00%
Long Distance Bad Weather Physical Safety Issues Bad Road Short Distance Limited Time
Discomfort Condition

(Sample size: 397 bike users)
Figure 6.6 The reasons why not to usel@kes. Nanjing survey

For the situations when not to use e-bikes, the most frequent answeiengre |
distance (54.06%) and bad weather (48.98%). See Figure 6.6. The limitations of
e-bikes may have negatiegfectson e-bike transition in social practice. In addition,
many travellers will not use e-bikes when they experience physical discomfort
although e-bikes are thought to have more potential to assist travellenshystical
difficulties compared with bicycles. Furthermore, we find that safetyess are not the
main concern for travellers when they decide whether to use e-bikes. Bad road
conditions, short distances and limited time have little impact on ealigption, and

these factors range from 20% to 19% in the results.
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6.3.3 E-bike use patterns

The section investigates e-bike use patterns, such as attitudes to adbjken,
consumption behaviours, and battery use patterns. This topic is rarely found in
previous studies, but they are essential in understanding how individuals embed

technologies as innovations in their consumption in everyday life.

6.3.3.1 Attitudes to e-bike adoption

Some previous studies explored attitude questions to transport modes, but generally
these were for cycling and walking (Pooletyal, 2011; Jonest al, 2012). In these
studies, it was found that the positive associations of cycling andngailkere
enjoyment, health, saving money and being environmgnfiééndly. The negative
associations were difficult road junctions, no cycle lanes and exposure \Wwebltubr
(Pooleyet al, 2011). In addition, they suggested that the positive associations could
be jeopardised by the negative associations (Jehes, 2012). Furthermore, they
concluded that positive associations were internal and negative asswsciate

external. This subsection is used to investigate the attitudes to e-bikes.

Positive attitudes to e-bike adoption

E-bike usersO attitudes towards e-bike adoption in urban areas are addressed in the
study. As shown in Figure 6.7, the majority of e-bike users believed that they would
have a feeling of freedom when travelliwgh e-bikes (45% of responses), followed

by practical usage and having a sense of relaxation. Around 25% of e-bike users
thought that they had mitigated climate change. Other positive associatithns

e-bike adoption are the feeling of being fashionable and feeling part of timeuroiy.

These positive associations imply an intrinsic and personal feeling about e-bikes.
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(Sample size: 403-bike users)
Figure 6.7 Attitudes for e-bike adoption: Nanjing survey

Negative attitudes to e-bike adoption

There are a series of factors influencing e-bike adoption, including chargiroylttfi
maintenance difficulty, the weight of e-bikes, narrow bicycle lanes, and exposure
bad weather (Table 6.2). The first three problems, charging difficulty, manuena
difficulty and e-bike weight, mainly derive from batteries, indicating thatebas

play a key role in e-bike adoption. In terms of narrow bike lanes, the problem derives
from the fact that e-bike users and bicycle users share the samsol#ns,very easy

to cause congestion between in these areas. Therefore, many respondents in the
survey suggested that e-bike/bicycle lanes should be widened. Finally, e-bikésusage
very vulnerable to bad weather conditions, which also poses practical difsctoti
e-bike adoption. In contrast to the positive attitudes to e-bikes, the aforensehti
negative problems are primarily external to individuals, implying that the éansf
between the transport modes is likely to be reversed by an externally built

environment (Poolegt al, 2011; Jonest al, 2012), and the negative problems could
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be alleviated or removed mainly through engineering technique improvements.

Mean Median Mode
I would be worried about the narrow bicycle lanes 3.41 4 4
It would expose me to wet or windy weather 3.57 4 4
The speed of-bikes is too fast 3.06 2 3
The ebikes are too heavy 3.29 4 4
The ebikes are prone to failure when driving 3.08 2 3
I would be worried about rear seat safety 2.99 4 3
I would be worried about low battery capacity 3.01 2 3
I would be worried about charging difficulty 3.93 4 4
I would be worried about maintenance difficulty ~ 3.58 4 4
It would put my ebike at risk of being stolen 2.84 2 2

5 = Strongly agree 4 = Agree, 3 = Neutral, 2 = Disagree, 1= Syraiigfgree
Neutral Scores are in range of 2.8 t0.3.2
(Sample size403e-hike users)
Table 6.2 Use anxiety for e-bike adoption: Nanjing survey

6.3.3.2 Consumption behaviours

E-bike using years

Figure 6.8 shows the time scales of e-bike adoption. The majority of e-biischase
used e-bikes for one or two years. At that time, e-bike development wae at t
transition path of de-alignment and re-alignment. The longest time for e-bikeoadopt
is ten years, while the shortest time for e-bike adoption is only 15 days tihéord 1%
of travelers used e-bikes at least for two years. A possible readwat the current
public transport system could not satisfy their travel demands. Also, it ¢auld
because the travel distance is increasing so that using bicyclesorgaalno longer
appropriate.
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Figure 6.8 E-bike adoption time: Nanjing survey

E-bike brands

) ) Ownership
Chinese Name English Name
number
5/$A Lvyuan 41
?0 Xiaodao 39
OTm Feige 38
(a)E Aima 38
a Wb Palla 33
WLVTm Daluge 30
LOF Yadi 32
Giant Electric
§1(© . 21
Vehicle
o"7 Feimaotui 18
a El Fushida 18

(Sample size334 e-hike users)

Table 6.3 The most prevalent brands of &ikes. Nanjing survey

334 participants supplied answers about their e-bike brands. According to the
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responses, more than 55 brands of e-bikes are adopted. The distribution of the e-bike
brands is widely scattered. The top ten brands are Lvyuan, Xiaodao, Feige, Aima,
Palla, Daluge, Yadi, Giant Electric Vehicle, Feimaotui and Fushidal€T6.3). Of

these brands, Daluge, Yadi, Giant Electric Vehicle, and Feimaotui @ed ba
Jiangsu Province, where Nanjing city is located. Aima and Palla alsoehbike
factories in Jiangsu Province. The emergence of a great number of welisbsth
enterprises in the e-bike industry indicates the high expectations of manesaicir

the e-bike market.

E-bike type distribution
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Hybrid Style With  Bicycle Style Hybrid Style Scooter Style  Mobility Scooter Tricycle e-bikes
Pedals Without Pedals

(Sample size: 379-bike users)
Figure 6.9 The types of e-bikes used by current users: Nanjing survey

In Nanjing, the most prevalent e-bike type is the hybrid style with pedalshwhic
occupies more than 60% of the sample (Figure 6.9). The bicycle style and hybrid style
without pedals share the same portion of the sample (more than 20%). The

contribution to the market share from scooter style e-bikes, mobility scatdrs
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tricycle e-bikes is trivial.

Other e-bike market studies conducted in Beijing, Shanghai, Tianjin, Anhui Province,
Hebei Province, Henan Province, Jiangsu Province, Jiangxi Province, and Zhejiang
Province showed similar results that 57.7% of e-bikes were hybrid style, and 16.1% of
e-bikes were bicycle style (Bicycle Industry Information Centre, 2011). However, the
scooter style e-bikes in Shanghai or other well-developed cities are much more
popular than in Nanjing. This may be an influence of the e-bike policy in Nanjing
where a scooter style e-bike needs more complex procedures in order to obtain a

license.

E-bike price distribution
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(Sample size: 400-bike users)
Figure 6.10 The retail purchase price of e-bikes owned by e-bike users (unit:
CNY): Nanjing survey

The prices of e-bikes mainly range from CNY 2,000 (GBP 200) to CNY 4,000 (GBP
400), with more than 60% of the response rate (Figure 6.10). 22% of e-bikes are
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below CNY 2,000, while 12% of e-bikes are above CNY 4,000. The prices of e-bikes
are closely relevant to e-bike styles. Assuming that e-bikes are equipihetead

acid batteries, the prices of different e-bikes styles are sorted fgtrashito lowest as
follows: mobility scooters or tricycle e-bikes, scooter style, hybrid style barytle

style. It is noteworthy that if lead acid batteries are replacedtiyrition batteries,

the price will further increase by CNY 700 (GBP 70). The result may suggeshehat
hybrid style e-bikes are at the middle range of e-bike prices. Also, the tyajbri
e-bike users expect to pay CNY 3,000 or below to get an e-bike, which partly explains
why the price range of popular e-bike products in China is much lower than that of the

European e-bike market.

E-bike purchase channels
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0.00%
Franchised Store Shopping Mall On-line Shopping

(Sample size: 393-bike users)
Figure 6.11 The place to purchase bikes. Nanjing survey

Figure 6.11 shows the purchase channel for e-bikes. The majority of e-bikes (78%)

are bought from franchised stores. Surprisingly, despite the booming e-commerce
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market in China, very few e-bike users bought e-bikes through online shops. Recently,
e-commerce in China has been driving a new consumer culture. By the end of 2013,
e-commerce transactions reached more than $360 billion in China (KPMG, 2014).
E-commerce is viewed as a fast and convenient way of shopping. In teeaiskes,

many manufactures have established official online shops and tried to lheild t
regular chain through the busindeszustomer model, including Lvyuan, Aima, Feige,
and other well-established companies. However, e-bike users prefer purchasing from
traditional physical stores rather than online retailers. The reason coutétbine
consumers purchase e-bikes with great caution due to the importance of e-bikes in
their daily life. The local store service can help and support the purchasenand

provide a better sense of security (Sung, 2010).

Factors that influence e-bike purchase
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(Sample size: 403-bike users)
Figure 6.12 The primary factors influencing e-bike purchase: Nanjing survey

The primary factor influencing e-bike purchase is the price (Figure 6.12). It may
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explain the fact that many e-bike users chose lead acid batterie$, arkianuch
cheaper than lithium-ion battery. Other highly ranked concerns are battery life, motor
power, customer service, and brand. Of those, the battery life and motor power are
directly relevant to e-bike performance, and the customer service factatsdHe

use anxiety of e-bike users. That is, the customers tend to believehikats eare

more likely to be broken during usage or they lack the confidence to repair the e-bikes.
On the other hand, the appearance, comfort level, safety, maximum speed,gnd wei
are less important. Hence, the robustness of e-bike performance is theomaem

of the consumers.

E-bike performance suggestions
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Battery Controller Comfortableto  Maintain Fashionable Accessories
Performance Use

(Sample size: 393-bike users)
Figure 6.13 Aspects of e-bikes that should be improved greatly: Nanjing survey

Figure 6.13 shows the suggestions to improve e-bike performance. More than 56% of
e-bike users suggested that e-bikes should have a lighter weight. The second most
prevalent suggestion was to improve battery performance. The result reinforces the
aforementioned fact that the battery is the main concern with respestike

adoption. Although e-bikes are criticised as being too fast and become atthreat
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other travellersO safety, some e-bike users still hope that e-bike spéedfeaher

increased, reflecting the high demand for fast and convenient transport modes.

6.3.3.3 Battery use patterns

Battery type
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(Sample size: 402-bike users)
Figure 6.14 Battery Type: Nanjing survey

More than 60% of e-bikes use lead acid batteries, so these still dorthieatebike
market in Nanjing. In the e-bike battery study carried out in Beijing, Shanghai,
Tianjin, Anhui Province, Hebei Province, Henan Province, Jiangsu Province, Jiangxi
Province, and Zhejiang Province, the lead acid batteries are also usedwitiedn
average capacity of 48V and 12Ah (Bicycle Industry Information Centre, 2011).
However, the usage of lithium batteries has increased quickly and has dcté0gie

of the market share in our study (Figure 6.14). If e-bike users have more than one
e-bike in their household, most of them are willing to update them witthianti

battery.

Also, the study provides the information for battery capacity that 74.64% of batterie
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are 48V and that 56.35% of e-bikes are 12Ah by investigating the e-bike battery used
by e-bike manufacturers (Bicycle Industry Information Centre, 2011). This

information could be helpful to the technical standards.

Battery renewal frequency
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(Sample size: 402 bike userg
Figure 6.15 Battery renewal time: Nanjing survey

Figure 6.15 shows that 38% of e-bike batteries are replaced every year to eighteen
months. Around 20% of e-bikes need to renew the batteries within one year. Nearly
30% of e-bikes never renew the battery. Very few batteries are replaced less
frequently than every two years. Although many e-bike companies claim theathe |
acid battery can keep up its function for two or three years, the life tyelctually

much shorter in practice.

Charging place

As shown in Figure 6.16, the overwhelming majority of e-bike users charge their
e-bikes at home (nearly 70% response rate), followed by the working place. Other

charging places are business centres, service centres, parking places, and public
18€



charging points which account for 10% of responses. The result indicates tkes e-bi
have a certain degree of flexibility in terms of charging because trerybatin be
pulled out of the frame. However, this result also exposes the problem thit publ

charging services are in short supply.
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Home Working Place Business Centre Service Centre Parking Place Public Charging
Points

(Sample size: 395-bike users)
Figure 6.16 Battery charging place: Nanjing survey

Charging time

E-bike charging time normally requires at least three to four hours. Figure 6.17 shows
that 50% of e-bike users charge the batteries during 20:00 and 24:00, which is the
peak time for electricity consumption. Only 15% of e-bike users charge batteries
during the off-peak time (0:00D5:00). The charging time scale of e-bikes is ilelparal

to the home electricity consumption that the peak time is from 17:00 to 24d00ff

peak time is from 0:00 to 6:00. Therefore, e-bikes can be treated as a normal
household appliance. Around 20% of respondents charge e-bikes from 8:00 until
17:00, which is slightly higher than those charging between 5:00 to 8:00 and between
17:00 and 20:00. The reason for this is that many e-bike users choose to charge their

e-bikes during working hours.
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(Sample size: 395-bike users)
Figure 6.17 Battery charging time: Nanjing survey

Drawbacks of e-bike batteries
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Figure 6.18 Drawbacks of e-bike batteries: Nanjing survey

The heavy weight of batteries is the main drawback with 50% of the respiase
(Figure 6.18). Another major concern is the short life cycle of batteries (40% of

response rate). Other concerns include high costs, slow charging, large size, safe
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issues, self-discharge, and maintenance issues. The listed drawbaakssehe
related to the use of lead acid batteries, which is the main techrizdaugr of e-bike

development.

6.3.4 Interactions with non-e-bike users

E-bikes influence travellers using other travel mdélegose opinions on e-bikes are
very important. This subsection presents the demographics information of non- e-bike
users, such as car drivers, bicycle users and pedestrians. For each type ofplemogra
information, the one-way ANOVA tests or Chi-squared tests are conducted to
examine whether there were statistically significant differencesng subsample

groups.

Gender distribution
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(Sample size: 184ar drivers; 193bicycle users 195 pedestrian}
Figure 6.19 The gender of car drivers, bicycle use@nd pedestrians Nanjing survey

Figure 6.19 demonstrates the gender distribution of car drivers, bicycle users and
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pedestrians in our samples. A Chi-squared test of independence was performed and
found that there are statistically significant differences betwdéesrett vehicle user
groups for their genders &1, 576)=28.967p-value<0.0001). See Table 6.4. For the

car driver group, there are more male than female participants, wheredscyle

users and pedestrians, the situation is the opposite.

Male Female Total

Car Drivers 104 84 188
56.52% 43.48%

Bicycle users 91 102 193
47.15% 52.85%

Pedestrians 75 120 195
38.46% 61.54%

Total 270 306 576
46.86% 53.14% %100

X&28.967 p-value<0.0001

Table 6.4 Chi-squared test of gender of car drivers, bicycle users and
pedestrians: Nanjing survey

Age distribution
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(Sample size: 20@ar drivers; 199 bicycle users 191 pedestrians; 394 -bike userg
Figure 6.20 The age groups of car drivers, bicycle users, e-bike users and
pedestrians: Nanjing Survey

19C



Figure 6.20 shows the age distribution of four groups. A one-way ANOVA was
conducted, and the results (F (3, 984)=24%40.0001) reveal that there are
statistically significant differences amongst vehicle user groupsdetat different

age groups. More than 80% of car drivers, bicycle users and e-bikes users are younger
than 49 years old, and are mainly between 20 and 39 years old. In contrast, more than
80% of pedestrians are older than 50 years old; half of them are between 60 and 69

years old.

Education levels

The one-way ANOVA result reveals statistically significant diffexes amongst the
vehicle user groups in relation to education levels, F(3, 965) = p310.0001.
Nearly 80% of pedestrians are at a high school education level or below (Figure 6.21)
and these completed their education during the 1970s and 1980s. During that period,
only 6.779% of the population graduated from high school, and 0.615% of the

population hold a college degree and above (China Statistical Bureau, 2010).
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DOcar Drivers O Bicycle Users Pedestrians B E-bike Users

(Sample size: 19&ar drivers; 191 bicycle users 180 pedestrians; 398 -bike userg
Figure 6.21 The level of education for car drivers, bicycle users, e-bike users and
pedestrians: Nanjing survey
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In comparison, the other three groups have much higher education levels. More than
70% of car drivers have been awarded a university degree or above, followed by
bicycle users (60%) and e-bike users (45%). In particular, over 30% of the car drivers
and bicycle users hold postgraduate degrees. Considering that 26.12% of the
population has completed a college degree or above, and 20.82% of the population
has graduated from high school in Nanjing (China Population Census of Nanjing,
2011), the average education levels of car drivers and bicycle users are much higher
than that of Nanjing City as a whole. Our sample shows that compatteccar
drivers, e-bike users have a relatively lower level of education, but theii# higher

than the overall average education level in Nanjing.

Employment status
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Figure 6.22 The employment status of car drivers, bicycle users, e-bike users and
pedestrians: Nanjing survey

Figure 6.22 shows the employment status of various travellers. A Chi-squarefl test

independence was performed to examine whether there were statisigailizant
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differences among different traveller groups in relation to their employmeastois st

The statistically significant differences are found when the employsiteiations are
employed and retired (Table 6.5). On the other hand, there are no statistically
significant differences when the employment situations are students anglaped

people (Table 6.5). The majority of the car drivers, bicycle users and e-bikdalkers
above 80%) are employed in our sample, but more than 80% of pedestrians have
retired (Figure 6.22). Car drivers have the lowest unemployment rate (0.5%), while
e-bike users have the highest unemployment rate (4%), which is around the overall
average unemployment rate in Nanjing (2.66% in 2013) (Zhu, 2013). The

employment status of different groups reflects their income situation

Employed Total Unemployed Total

Yes No Yes No
Car drivers 179 21 200 Car drivers 1 199 200
Bicycle users 176 23 199 Bicycle users 5 194 199
Pedestrians 17 174 191 Pedestrians 6 185 191
E-bike users 345 49 394 E-bike users 16 378 394
Total 717 267 984 Total 28 956 984
X&490.7164p-value<0.00001 X&6.2255,p-value=0.101139

Retired Total Students Total

Yes No Yes No
Car drivers 15 185 200 Car drivers 5 195 200
Bicycle users 11 188 199 Bicycle users 7 192 199
Pedestrians 163 28 191 Pedestrians 5 186 191
E-bike users 22 372 394 E-bike users 12 382 394
Total 211 773 984 Total 29 955 984
X&574.7765p-value<0.00001 X&0.452,p-value=0.929302

Table 6.5 Chi-squared test of the employment status of car drivers, bicycle users,
e-bike users and pedestrians: Nanjing survey

Income

The one-way ANOVA result revealed statistically significant diffieess amongst the

vehicle user groups in relation to different income levels, F (3, 993)=109.97,
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0.0001. Consistent with the employment status, the income of most pedestiians i
the range between CNY 1,500 and CNY 3,000. The majority of pedestrians have
retired (Figure 6.23), and the average income of retired citizens in Nanjing is CNY

2,659 in 2015 (Huang, 2015).
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Figure 6.23 Monthly Income of car drivers, bicycle users, e-bike users and
pedestrians: Nanjing survey

In terms of response rate, the e-bike user group is the second largest group whose
income is in the middle range (from CNY 1,500 to CNY 3,000). The income
distribution of e-bike users is negatively skewed, which means that the income

distribution is concentrated on CNY 4,500 and below.

As expected, the car driver group has the highest income in our sample. They
dominate the top two ranges (CNY 4,500-6,000 and CNY 6,000 and above). In terms

of bicycle users, more than 50% of them are in the top two ranges of income.

According to the automobility culture of China, the transport vehicle choice yisuall

reflects the wealth of the users. In this case, higher income citezeth$o use private
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cars, while lower income citizens are more likely to use e-bikes angtldsc
However, in our sample, the citizens with higher incomes not only presented an

inclinationto adopt private cars, but also had strong preference of adopting bicycles.

E-bike ownership for the non-e-bike users® households
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Figure 6.24 E-bike ownership for the non-e-bike usersO househaldsere some
other inhabitants use ebikes

Yes No Total
Bicycle users 105 87 192
Pedestrians 150 38 188
Car Drivers 143 57 200
Total 398 182 580

X&(2, 580) = 28.967p-value<0.0001

Table 6.6 Chi-squared test: e-bike ownership for the non-e-bike usersO
households where some other inhabitants usebiékes
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For the non-e-bike users, it is possible that the other inhabitants in thehdldsse

own and use e-bikes. Figure 6.24 shows the e-bike ownership of non-e-bike usersO
households. A Chi-squared test of independence was performed to examine the
relationship between different vehicle user groups and e-bike household ownership.
The relationship between these variables was significa&t(2X 580) = 28.967,
p-value<0.0001 (Table 6.6). According to our survey, 70% of car drivers, nearly 60%
of bicycle users and 80% of pedestrians have e-bikes in their households used by
other inhabitants. The result indicates that e-bikes have reached a tegahe
Nanjing. In other words, e-bikes have already beerhyigccepted by the families in

Nanijing regardless of their household income or level of education.

The characteristics of different users

Table 6.7 shows the mean value of age, education, and the monthly income of
different vehicle user groups (car drivers, bicycle users, pedestrians, and e-tske use
One-way ANOVA tests were performed to reveal that there were tistts
significant differences amongst the vehicle user groups in relation to age ,groups

education levels, and monthly income.

Car Bicycle Pedestrians E-bike F value p-value
Drivers users users
Age (yearsold) 31 32 56 29 249.7 <0.0001
Education Level 3.9 3.6 2.0 3.1 93.1 <0.0001
Average 4200 3500 1500 2700 109.07 <0.0001
Monthly Income
(CNY)

Education level: 2 B high school, 3 b college degree, 4 D university degree
Table 6.7 Mean value of age, education level, monthly income of car drivers,
bicycle users, pedestrians, and bike users: Nanjing survey

Table 6.7 shows that e-bike users are the youngest group whose average age is nearl
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29 years old; this is two years younger than car drivers and 27 years younger than
pedestrians. The average education level of e-bike users is college degckeiswhi
higher than pedestrians whose average education level is high school, and lawer tha
bicycle users and car drivers whose average education level is university. diegree
terms of average monthly income, car drivers are the highest paid (CNY 4,200),
followed by bicycle users (CNY 3,500), while pedestrians have the lowest average
monthly income (CNY 1,500). The average monthly income of e-bike users is the
third highest (CNY 2,700). In addition, the majority of e-bike users, car drivers, and
bicycle users are employed, while most pedestrians have retired (Figure 6.22).
Compared to other vehicle users, the e-bike users are young career-aged commuters

and are middle class in terms of their income.

Attitudes to e-bike development

100.00% 7
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40.00% -

% of survey respondents

20.00% -

e

Positive More Positive Than The Same More Negative Than Negative No Opinion
Negative Positive

0.00%

DO car Drivers OBicycle Users Pedestrians B E-bike Users B Traffic Police

(Sample size: 199car drivers; 174 bicycle users 135 pedestrians; 398 bike users; 50
traffic police)
Figure 6.25 Attitudes to e-bike development: Nanjing survey

The one-way ANOVA result reveals that a statistically signifiadifference exists

amongst the vehicle user groups in relation to their attitudes to e-bike deeatppm
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with F (3, 906)=14.23p < 0.0001. The opinions of citizens about e-bikes have a
significant impact on the transport system and the prospects of e-bike deseloym

general, the attitudes of various groups of travellers to e-bikes are positive.

As Figure 6.5 shows, the percentage of car drivers and bicycle users agreeing that
e-bikes have a positive impact on the transport system or have more of\e fbart
negative impact reaches 60%. In terms of negative impacts, pedestriatise are
highest proportion (more than 20%), followed by traffic police, but very few of the

other groups hold negative attitudes.

By combining the findings of this subsection and the preceding subsections, we can
find that e-bike transition is highly embedded in the current transport systethe for
reasons that: 1) The majority of car drivers, bicycle users, pedestriafis,dcdite,

and e-bike users have positive attitudes towards e-bikes in general; and 23 e-bike
have been adopted as widely in many aspects of daily life settingsdingl
commuting, going shopping, picking up children, as other transport modes in the

regime level such as buses, the metro, bicycles and walking.

The impact of e-bikes on the transport system

Figure 6.26 and Figure 6.27 show the detailed positive and negative impact of e-bikes
on the transport system. A Chi-squared test verifies that there existica#yi
significant differences among subsample groups (car drivers, bicycle users,
pedestrians, e-bike users and traffic police) in relation to their opinions poshire

and negative impact of e-bikes on the transport system (Table 6.8 and Table 6.9).

Nearly 70% of traffic police believe that e-bikes exacerbate traffitsj Moreover,
compared with other groupsO perceptions, traffic police think that e-bikes are more

likely to obstruct other vehicles, increase accidents and worsen trafficok
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problems. The reason for this could be that the duty of traffic policedsabwith
traffic issues, which leads to a more negative impression of e-bikég imansport
system. The response rates of traffic police are also very high on theepwspact
of e-bikes. Most traffic police agree that e-bikes are beneficiath®wang personal
mobility, saving road resources and making a contribution towards reducing climate

change.
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60.00% -
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0.00%
Relieve Traffic Jams Convenience Environment Friendly Saving Road Resource No Noise

Ocar Drivers O Bicycle Users Pedestrians B E-bike Users B Traffic Police

(Sample size: 20Car drivers; 198 bicycle users 200 pedestrians 399 ebike users 50
traffic police)
Figure 6.26 The positive impact of ebikes on the transport systemNanjing survey

Similar to the traffic police, more than 40% of car drivers stated thiies provide a

more convenient way to access urban areas. Specially, more car drivers responded
that e-bikes were very quiet compared with bicycle users, pedestrians, and e-bike
users. In terms of worsening traffic issues, car drivers have the second larges
response rate claiming that e-bikes are more likely to worsen traffscgathobstruct

other vehicles. Nonetheless, car drivers do not believe that e-bikes araithi@ctor

for causing accidents.
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(Sample size: 20Car drivers; 198 bicycle users 200 pedestrians; 399 bike users; 50
traffic police)
Figure 6.27 The negativempact of ebikes on the transport system: Nanjing Survey

Relieving Total Convenience | Total Environmenall | Total
traffic jams y friendly
Yes No Yes No Yes | No
Car drivers 33 167 200 Car drivers 85 115 200 Car drivers 8 192 200
Bicycle users | 32 168 200 Bicycle users | 59 141 200 Bicycle users | 57 143 200
Pedestrians | 34 166 200 Pedestrians | 101 99 200 Pedestrians 79 121 200
E-bike users | 106 294 400 E-bike users | 232 168 400 E-bike users | 178 | 222 400
Traffic police | 12 38 50 Traffic police | 38 12 50 Traffic police | 36 14 50
Total 217 | 833 1050 | Total 515 | 635 | 1050 | Total 358 | 692 1050
X&15.0549 p-value=0.004589 X&61.5414 p-value<0.00001 X&137.243] p-value<0.00001
Saving road| Total No noise | Total
resource
Yes No Yes No
Car drivers 65 135 200 Car drivers 90 110 200
Bicycle users | 52 148 200 Bicycle users | 67 133 200
Pedestrians | 92 108 200 Pedestrians | 61 139 200
E-bike users | 47 353 400 E-bike users | 119 281 400
Traffic police | 33 17 50 Traffic police | 31 19 50
Total 289 | 761 1050 | Total 368 | 682 | 1050

X&123.9394 p-value<0.00001

X&=31.6165 p-value<0.00001

Table 6.8 Chi-squared test of the positive impact of e-bikes on the transport

system: Nanjing survey
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The response rates of bicycle users on positive impacts are much highemthan
negative responses. Although bicycle users share bicycle lanes with e-bikefewse

of them complain that e-bikes obstruct their way. Only 30% of bicycle usdes st
that e-bikes provided convenient personal mobility and contributed to a better
environment, which is the least enthusiastic response amongst the five groeps.
reason for this could be that bicycles share many similar advantages-hiitbs.
Although e-bikes are faster and can save effort, bicycles are more envirdiynenta

friendly and can also achieve satisfactory personal mobility for short déstanc

Worsen traffic jams Total Obstruct other vehicles Total

Yes No Yes No
Car drivers 41 159 200 Car drivers 28 172 200
Bicycle users 19 181 200 Bicycle users 23 177 200
Pedestrians 30 170 200 Pedestrians 20 180 200
E-bike users 34 366 400 E-bike users 36 364 400
Traffic police 35 15 50 Traffic police 17 33 50
Total 159 891 1050 Total 124 926 1050
X&140.2579p-value<0.00001 X&28.2403 p-value=0.000011

Increase accidents Total Worsen traffic control problems | Total

Yes No Yes No
Car drivers 14 186 200 Car drivers 35 165 200
Bicycle users 23 177 200 Bicycle users 19 182 200
Pedestrians 11 189 200 Pedestrians 49 151 200
E-bike users 70 330 400 E-bike users 53 347 400
Traffic police 19 31 50 Traffic police 22 28 50
Total 137 913 1050 Total 178 872 1050
X&51.3411 p-value<0.00001 X&45.9015 p-value<0.00001

Table 6.9 Chi-squared test of the negative impact of e-bikes on the transport
system: Nanjing Survey

25% of e-bike users responded that they contribute to relieving traffic jams, iwhich

the highest in the five groups. Nearly 60% of e-bike users tend to agree thas e-bike
are a convenient transport mode. Many e-bike users do not agree that e-bikes will
worsen traffic problems or obstruct other vehicles. Interestingly, compaiteadther
groups, most e-bike users disagree that e-bikes can help save road resourcés. Overal
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the response rates reflect a higher tendency towards the positive inmpatttve

groups.

Traffic accidents

Figure 6.28 shows the traffic accident rates of e-bikes for various veimd\sjing.
A Chi-squared test was conducted to test whether there were statisigaificant
differences between traffic police and e-bike users in relation tadffe taccident
rates of e-bikes with various vehicles. The results revealed sallystsignificant
differences between the traffic police and e-bike users in termdfaf &recident rate
among e-bikes, &(1, 218)=5.023p-value=0.02965 = Table 6.10). There are no

other significant differences between other groups.
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Pedestrians Motor Vehicles Bicycles Other E-bikes

B Traffic Police O E-bike Users

(Sample size: 5Qraffic police; 168 ebike userg
Figure 6.28 The traffic accident rates of e-bikes with various vehicles (Traffic
police and e-bike users): Nanjing survey
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Pedestrians | Total Motor vehicles | Total
Yes No Yes No
E-bike users 50 118 168 E-bike users 58 110 168
29.86 | 70.2% | 100% 34.5% 65.96 | 100%
Traffic police 21 29 50 Traffic police 22 28 50
42% 58% 100% 44% 56% 100%
Total 71 147 218 Total 80 138 218
32.006 | 67.46 | 100% 36.%%6 63.26 | 100%
X&2.6278 p-value=0.105009 X&1.4895 p-value=0.222297
Bicycles Total Other ebikes Total
Yes No Yes No
E-bike users 38 130 168 E-bike users 22 146 168
22.6% | 77.4% | 100% 13.1% 86.9% | 100%
Traffic police 6 44 50 Traffic police 1 49 50
12% 88% 100% 2% 98% 100%
Total 44 174 218 Total 23 195 218
20.2% | 79.8%6 | 100% 10.6% 89.46 | 100%
X&2.6971 p-value=0.10058 X&5.023 p-value=0.02965

Table 6.10 Chi-squared test of the traffic accident rates of e-bikes with various
vehicles (Traffic police and e-bike users): Nanjing survey

Safety issues are a main concern in many e-bike studies with a foeusilkanusersO

rule violation behaviour and conflicts with other vehicle users (@heh, 2010; Liu

and Sun, 2011; Jiangt al, 2012; Duet al, 2013; Salmoret al, 2013; Baiet al,

2015; Yanget al, 2015). In our study, however, more than 60% of e-bike users stated
that they had never had an accident. For the e-bike users who experienced traffi
accidents, nearly 35% of accidents were between them and motor vehidbegedol

by 30% of accidents with pedestrians and 22% with bicycles. Only 13% of ascident
were with other e-bikes. The frequency of accidents reported by e-bike users is
consistent with traffic police reports. Hence, motor vehicle users andtieoesare

the primary groups that have accidents with e-bike users, which implies-tilet

users are using the pavement and vehicle road instead of the bicycleAlapnes
combination of bicycles and e-bikes in the bicycle lane is not the mase cd traffic
accidents, because it is rare for e-bike users to have accidentsayitle lz@ind other
e-bike users.
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Unsafe behaviour by e-bike users

Figure 6.29 shows the unsafe behaviour of e-bike users. A Chi-sqeateslvealed

that there were statistically significant differences among subsagmolups (car
drivers, bicycle users, pedestrians, and traffic police) in relation to diffepnions

on the unsafe behaviour of e-bike users (Table 6.11). In terms of unsafe behaviour,
nearly 90% of traffic police and pedestrians feel that e-bikes are todrfa®ntrast,

only 40% of bicycle users and 20% of car drivers hold the same opinion (Figure 6.29).
So the fast speed of e-bikes is perceived mainly as a threat torgedesthe next
frequent violation behaviour of e-bike users is running a red light, which is
complained about by nearly 100% of traffic police, 80% of pedestrians and 60% of

bicycle uses.
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(Sample size: 20@ar drivers; 200bicycle users 200 pedestrians; 50 traffic policg
Figure 6.29 Unsafe behaviour by e-bike users: Nanjing survey

An interesting finding is that almost 100% of traffic police complained abwait
overloading of e-bikes but the other three groups are not sensitive to this. Thefstudy

violation behaviour by e-bike users conducted in China further igshtiie main
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sources of traffic accidents as fast driving, running red lights and overloadingt (Du
al., 2013). However, for car drivers, the main concerns are driving the wrong way and

sudden lane changes.

Speeding Total Running red| Total Driving the | Total
lights wrong way
Yes No Yes No Yes | No
Car drivers 44 156 200 Car drivers 59 141 200 Car drivers 58 142 200
Bicycle users| 80 120 200 Bicycle users | 113 67 200 Bicycle users | 32 168 200
Pedestrians | 187 13 200 Pedestrians | 153 47 200 Pedestrians | 48 152 200
Traffic police | 46 4 50 Traffic police | 49 1 50 Traffic police | 20 30 50
Total 357 | 293 650 | Total 374 | 256 | 650 | Total 158 | 492 650
X&253.5346 p-value<0.00001 X&13.0981 p-value<0.00001 X&16.5978 p-value=0.000855
Overloading Total Lane Changeg Total
Yes No Yes No
Car drivers 90 110 200 Car drivers 59 141 200
Bicycle users | 89 111 200 Bicycle users | 34 166 200
Pedestrians | 77 123 200 Pedestrians | 50 150 200
Traffic police | 49 1 50 Traffic police | 27 23 50
Total 305 | 345 650 Total 170 480 650
X&58.8413 p-value<0.00001 X&30.0486 p-value<0.00001

Table 6.11 Chi-squared test of unsafe behaviour by e-bike users: Nanjing survey

6.3.5 Traffic Police

Traffic police play a crucial role in the transport system due to thee il
undertaking general traffic and road management. In this case, the traffec lpale

a rich experience of traffic situations and grasp the realities ofaheus transport
modes. Therefore, their responses are crucial to this study. The sampulé tetic

police in this study is 50. There are five questions in the survey to undenstticd t
police attitudes to the e-bike transition process, includimg positive impact of
e-bikes, the negative impact of e-bikes, e-bike usersO violation behaviour, and future

recommendations.
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When traffic police were asked about their attitudes towards the irapaebikes in

the transport system, 44% responded that the e-bike transition had a more positive
than negative impact, and this was followed by 42% of traffic police whevieel

that the positive impactasequal to the negative impact (Figure 6.30). 12% of traffic
police said that e-bikes had a more negative than positive impact on ribpotita
system. Only 2% of traffic police stated that e-bikes had a negatipact on the

transport system.
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(Samplesize:50 traffic police)
Figure 6.30 The attitude of traffic police to e-bike transition: Nanjing survey

The main positive impacts include usage convenience, being environmentaliijyfrie
saving road resources, no noise, and relieving traffic jams. For example, mor@¥han
of traffic police agreed that e-bikes were convenient to use and also very
environmentally friendly. More than 60% of traffic police agreed that e-bikesl save

certain road resources and abated the traffic noise.

However, 70% of traffic police claimed that e-bikes woesktraffic jams. Other
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negative impacts include worsening traffic control problems (44%), increasing
accidents (38%), and obstructing other vehicles (24%). In general, the response rates
of positive impact options are much higher than negative impact options. These
negative impacts are mainly caused by the traffic violation behaviour Gkaibers.

Nearly 90% of traffic police stated that the most common traffic tiwwidbehaviours

of e-bike users were running red lights, overloading, and fast driving. Other violation
behaviours include driving the wrong way and lane changes. In this case, theymajorit
of traffic police strongly suggested that e-bike users should enhance théyr safe
awareness (Table 6.12). In addition, the traffic police thought that it mighbtih
restricting e-bike usage during specific time periods in the city. Other sioygest
included the requirement of an e-bike driving license, building e-bike lanes,
increasing punishment standards, restricting non-standard e-bikes, and restricting the

travel of e-bikes on main roads in the city.

Mean Median Mode

Enhance the safety awareness-tilee users 4.68 5 5
Increase punishments for law breakers 4.02 4 4
Restrict norstandardised-bikes 3.92 4 4
Restrict the travel of-bikes on main roads in the 3.78 4 4
city

Restrict the travel of-bikes during specific times 4.5 5 5
in the city

Increase the number of traffic police 3.92 4 4
The requirement of anlgike driving license 414 4 4
Strengthen 4ike registration administration 4.14 4 4
Build e-bike lanes 4.06 4 4
Establish an-#ike commercial insurance systerr 4.04 4 4

5 = Strongly agree 4 = Agree, 3 = Neutral, 2 = Disagree, 1= Syraiigdgree
Neutral Scores are in range of 2.8 to 3.2
(Sample size50 traffic police)
Table 6.12 Future suggestions of e-bike traffic management: Nanjing survey



6.4 Analysis

6.4.1 The difference between female and male respondents in mode choice and

e-bike usage experience

Shifted from | Total Shifted  from| Total Shifted from| Total
bicycle £ motorcycle walking £
Yes No Yes No Yes | No
Male 72 141 213 Male 53 160 213 Male 52 161 213
33.8% | 66.2% 100% 24.89% | 75.11% | 100% 24.4% | 75.6% | 100%
Female 81 105 186 Female| 17 169 168 Female| 61 125 | 186
43.55% | 56.4% 100% 9.13% | 90.87% | 100% 32.8% | 67.2% | 100%
Total 153 246 399 | Total | 70 329 399 | Total 113 | 286 | 399
37.84% | 62.16% | 100% 17.54% | 82.46% | 100% 28.3% | 71.7% | 100%
X& 3.9889p-value= 0.045801 X& 15.9505p-value=6.537€5 X& 3.03,p-value= 0.08142
Shifted from bus | Total Shifted  from| Total Shifted from| Total
metro private cars
Yes No Yes No Yes | No
Male 72 141 213 Male 21 192 213 Male 21 192 213
33.8% | 66.2% 100% 9.85% | 90.15% | 100% 9.9% | 90.1% | 100%
Female 74 112 186 Female| 37 149 186 Female| 20 167 186
39.8% | 60.2% 100% 19.9% | 80.1% | 100% 10.7% | 89.3% | 100%
Total 146 253 399 | Total | 58 341 399 | Total | 41 359 | 399
36.6% | 63.4% 100% 145% | 85.5% | 100% 10.3% | 89.7% | 100%
X&1.2845,p-value=0.2571 X&7.2585 p-value=0.0071 X&=0.0164 p-value=0.8982

p-value <0.05, Ap-value<0.1
Table 6.13 Chi-squared test result of previously used mode: Nanjing survey

In order to understand the difference between genders in terms of transport mode
choice, Chi-squared tests were conducted to determine whether male anel femal
e-bike users preferred different travel modes (Table 6.13, Table 6.14 and Table 6.15).
The number of male and female participants who shifted from using bicycles

motorcycles, and the metro is signifidgndifferent (Shown as Table 6.13).

There are more female than male e-bike users, who previously travelled b loicyc

walked. However, male travellers show a strong preference for motorcycles. In our
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sample, 24.89% of male travellers previously used motorcycles, much more than
females (9.13%). Therefore, female travellers preferred low speed vehiclparedm

with males. This finding is also supported by the suggestion of future e-bike
development: only 20.1% of female respondents suggested that e-bike speed should

be increased, while 31.6 of male respondents expected to have fast speed e-bikes.

Commute Total Pick up children| Total Go shopping| Total
Yes No Yes No Yes | No
Male 139 74 213 Male 47 166 213 Male 12 201 213
65.3% | 34.7% | 100% 22.1% | 77.9% | 100% 57% | 94.3% | 100%
Female | 127 60 187 Female | 49 138 187 Female| 22 165 187
68% 32% 100% 26.3% | 73.7% | 100% 11.8% | 88.2% | 100%
Total 266 134 400 Total 96 304 400 Total 34 366 | 400
66.5% | 33.5% | 100% 24.0% | 76.0% | 100% 85% | 91.5% | 100%
X&0.2074 p-value=0.6488 X&0.7215 p-value=0.3957 X&4.0565,p-value=0.044
Leisure/E Total Visit friends Total Access Metro| Total
A
Yes No Yes No Yes | No
Male 18 195 213 Male 15 198 213 Male 7 206 213
8.5% 91.5% | 100% 7.1% 92.9% | 100% 3.3% | 96.7% | 100%
Female | 28 159 187 Female | 28 159 187 Female | 28 159 187
15% 85% 100% 15% 85% 100% 15% | 85% | 100%
Total 46 354 400 Total 43 357 400 Total 35 365 | 400
115% | 88.5% | 100% 10.8% | 89.2% | 100% 8.8% | 91.2% | 100%
X&4.163,p-value=0.05968 X&5.728 p-value=0.016697 X&17.034 p-value=0.0000368

p-value <0.05, Ap-value<0.1
Table 6.14 Chisquared test result of trip purpose of ebike adoption: Nanjing survey

Another significant difference between female and male respondentshe metro
usage. 19.9% of female e-bike users used the metro previously, whilst only 9.9% of
male respondents travelled by metro before. In terms of the choice of buses and
private cars, there is not much difference between female and mptndests,
indicating that gender factors do not influence the transition from bus and warate

users.



Low purchase| Total Low Total Effort saving | Total
cost operation cost
Yes No Yes | No Yes | No
Male 43 164 207 Male 69 138 207 Male 75 132 207
20.8% | 79.2% 100% 33.4% | 66.6% | 100% 36.3% | 63.7% | 100%
Female 32 151 183 Female| 48 135 183 Female| 80 103 183
17.5% | 82.5% 100% 26.3% | 73.7% | 100% 38.7% | 61.3% | 100%
Total 75 315 390 Total 117 273 | 390 Total 155 | 235 | 390
19.3% | 80.7% 100% 30.0% | 70.0% | 100% 39.8% | 60.2% | 100%
X &0.4805,p-value=0.4882 X&2.0081 p-value=0.1565 X& 1.9699 p-value=0.1605
Flexible trip time| Total Time saving | Total High Total
accessibility
Yes No Yes | No Yes | No
Male 67 140 207 Male 51 156 207 Male 55 152 207
32.4% | 67.6% 100% 24.7% | 75.3% | 100% 26.6% | 73.4% | 100%
Female 80 103 183 Female| 42 141 183 Female| 51 132 183
38.7% | 61.3% 100% 23% | 77% | 100% 27.9% | 72.1% | 100%
Total 147 243 390 | Total 93 297 | 390 Total 106 | 284 | 390
37.7% | 62.3% 100% 23.9% | 76.1% | 100% 27.2% | 72.8% | 100%
X&4.8544 p-value=0.02758 X&0.0735,p-value=0.7863 X&0.0302 p-value=0.8621
Environmentally | Total Health/£& Total
friendy
Yes No Yes | No
Male 46 161 207 Male 15 192 207
22.3% | 77.7% 100% 7.3% | 92.7% | 100%
Female 19 164 183 Female| 5 178 183
10.4% | 89.6% 100% 2.8% | 97.2% | 100%
Total 65 325 390 | Total 20 370 | 390
16.7% | 83.3% 100% 5.2% | 94.8% | 100%
X&8.9694 p-value=0.002745 X&3.1933 p-value=0.07394

p-value <0.05, Ap-value<0.1
Table 6.15 Chi-squared test result of e-bike adoption reason: Nanjing survey

Concerning the purpose of e-bike adoption, there is no difference between female and
male respondents in commuting and picking up children (Table 6.14), reflecting an
underlying social phenomenon that families where both parents work have become
normal in urban areas and that females and males play similar rékesrifamilies.
However, regarding the other purposes of e-bike adoption, there are significant

differences between female and male respondents. More female respamkents
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e-bikes for shopping, leisure, visiting friends and accessing the metro (Table 6.14).
This result may indicate that female respondents have more actitfitesmale
respondents. Also, the result could suggest that e-bikes pervade deeper intsthe live
of female respondents. In other words, the advantages of e-bikes better fit¢he tra
demands of female respondents. In addition, the e-bikes could satisfy the demands
various trip purposes. This result may reinforce that e-bikes have the potential

increase the mobility radius of female citizens.

From the Chi-squareded results, the following e-bike advantages are widely
accepted in both male and female respondents: low purchase cost, lowoopErst)

effort saving, time saving, and high accessibility (Table 6.15). An interestidiggd

is that men are more sensitive to the positive environmental impacbies (see
Table 6.15). When asked whether e-bikes are environmentally friendly, the number of
male respondents is double that of female respondents, and the number of male
respondents who believe that e-bikes are benefwiatalth conditionss also nearly

twice as large as the female respondengsndferespondents are more attracted by
the time flexibility feature: 38.7% of female e-bike users adopt e-bikesube they
provide time flexibility, compared to 32.4% of male respondents (Table 6.15). The
result could be an indicator that female e-bike users pay more attenthenpi@ctical

advantages of e-bikes.

6.4.2 The reason for the spontaneous emergence dfikes

Bicycle Bus Walking Motorcycle Metro  Private
Car
Percentage of ebike users 38.25% 36.50% 28.25% 17.5% 145% 11.75%

transferred from each mode

Table 6.16 Percentage of-bike users transferred from each modeNanjing survey
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Now we investigate why citizens abandoned vehicles such as bicyclesc publ
transport, walking, metro and motorcycles, which were dominant during the Chinese
Regime (Table 6.16), in order to adopt an innovative vehicle. Logit regression is
applied to analyse the relationship between mode choice and e-bike adoption,purpose
and the relationship between mode choices and the reason for choosing e-bikes. The
tested mode choices are buses, walking, metro, private cars, bicycles, ancyohes.

The e-bike adoption purposes include commuting, going to school, picking up
children, shopping, visiting friends, travel connections to the metro, leisure, and
business. The reasons for choosing e-bikes are low purchase costs, low operation
costs, effort saving, flexible trip times, saving time in traffic gamgh accessibility,

being environmentally friendly, and health.

Previous vehicle Transition purpose Correlation p-value
Bus Commute 0.8408 0.000466
Walking Transitionto metro  0.7051 0.0388
Metro Pick up children 1.0586 0.0193
Leisure 0.9371 0.0126

Table 6.17 Travel characteristics, vehicle transition and purpose: Nanjing survey

Previous vehicle Transition reasons Correlation p-value
Bus Flexible trip time 1.0303 0.00006
Saving time in the traffic jams 1.1774 0.0006
High accessibility 0.7487 0.00136
Walking Effort saving 0.4935 0.0298
Metro Low purchase cost 1.2471 0.0000009
Effort saving 0.776 0.0113
Saving time in the traffic jams 0.8449 0.00707
Being Environmentally friendly 0.9750 0.00208
Motorcycle Low operation cost 0.6189 0.0252

Table 6.18 Travel characteristics, vehicle transition and reasons: Nanjing survey

Each mode choice is paired with the e-bike adoption purposes listed in ordst to t

whether a significant relationship exists between mode choice and edug&oa
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purpose. After that, each mode choice is paired with the listed e-bikeaadogasons

to examine the relationship between them. Table 6.17 lists the sagmific
relationships between mode choice and e-bike adoption purposes, and the significant
relationships between mode choice and e-bike adoption reasons are listnein T
6.18. It is noted that Table 6.17 and Table 6.18 only list the mode choices Wwbnveh s
significant relationships with e-bike adoption in our test. Therefore, the e-l@ke us
who transferred from bicycles are not listed in the tables, because they litlvaa
statistically significant relationship with specific e-bike adoption puwpoand
specific e-bike adoption reasons. The relationship significance testsraseltalso

shown in Table 6.17 and Table 6.18.

E-bikes users transferring from buses

In our sample, 39% of e-bike users transferred from using the bus, which is the
second most frequent response. Tables 6.17 and 6.18 show that e-biker users
transferring from buses tend to use e-bikes for the purpose of commuting. The
transition reasons include flexible trip times, saving time in traéfims, and high
accessibility. The transition reasons indicate the advantages of eskiéeluses for

the purpose of commuting, because buses do not always operate on time, especially
during rush hours, and bus routes cannot cover all urban areas. When respondents are
asked under which condition they would transfer to using a bus, many of them choose

the Oifnew bus routes were addedO option.

E-bikes users transferring from walking

In our sample, 28% of e-bikes users shifted from walking, and they mainly use
e-bikes for travel connections to the metro. The transition motivation &éoesfort,
which may also imply that the number of metro stations is not suffitbecdver the

urban areas in Nanjing. Hence, e-bike adoption is also a complement to usieg publ
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transport.

E-bikes users transferring from the metro

The e-biker users transferring from using the metro tend to use e-bikes for picking up
children, leisure and travel connections. The transition reasons are giveloas:fol
cheap purchase costs, effort saving, saving time during peak times, and being
environmentally friendly. Firstly, e-bikes offer personal motorised mobility with a
low purchase cost. Secondly, e-bikes provide a tl®dor service, saving the trip

time from home to the metro stations.

E-bikes users transferring from motorcycles

The e-bike users transferring from motorcycles tend to continue using e-bikes. The
main motivationis the low operation cost. In China, the average gasoline price is 6.70
CNY/Litre (calculated on 3 August, 2015, Global Gasoline Price). Generallpilthe
consumption of a 125cc motorcycle per 100 kilometres is 2.5 litres, which costs CNY
16.875. The average travel distance of an e-bike carrying a 48V and 12Ah battery is
44 km with full charge (Bicycle Industry Information Centre, 2011). One full charge
of an e-bike consumes 0.6912 kWh. In this case, the electricity consumption per 100
km of the e-bike is 1.571 kWh. In Nanjing, the electricity price at off-pealk tim
(21:00D8:00) is 0.3583 CNY/kWh, while the price at peak time (8:00D21:00) is
0.5583 CNY/kWh (Editorial Board of Gazette of the PeopleOs Government of Jiangsu
Province, 2012). Therefore, the highest rate of e-bike charging is CNY 0.8771, and
the lowest rate is CNY 0.5625, which is nearly 30 times less than thabtofcycle
operation costs. Although the travel distameay decrease if batteries are used for
more than one year, the operation cost of e-bikes is still very low compéted

motorcycles.
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The above results illustrate that the travel characteristics of s-hieeflexible trip

times, high accessibility, time saving and effort saving which matcties e-bike
studies (Cherry and Cervero, 2007; Weinettal, 2007). In addition, the travel
characteristics are associated with peopleOs feelings about e-bikenadbpé
positive associations are freedom (48.62%) and practical usage. To summarise, the
mechanism of e-bike spontaneous transition is that e-bikes satisfy rfendleof

personal mobility from both internal and external perspectives.

6.4.3 Barriers to e-bike transitions

Battery issues

As the power supply and key component of e-bikes, the battery determines the travel
distance, e-bike weight, travel experience and operation cost. So the battery

performance is a critical factor influencing e-bike purchase.

Apart from that, lead pollution causes environmental risks and harm becausaf mos
the e-bikes carry lead-acid batteries. It is not an easy task to rélogalisused and
discarded batteries of e-bikes. In the study by Chun in 2013, only 33% of lead-acid
batteries are properly recycled by professional companies, while othersegadiyill
recycled in more hazardous and polluting ways. Lead pollution caused by lead-acid
batteries induced the restriction policy on e-bikes. In 2011, a notice to regulate
pollution from lead-acid batteries and the lead recycling industry wasdisguéhe
Ministry of Environmental Protection, which precluded many lead-acid battery
manufactures from the market (Xu, 2012). But a side-effect of this is bslteriages,
which increased the battery prices and further increased the cost of e-a@kes, it

still could be a technology barrier which in turn suggests that in the fututes e-bi

transition has further scope to develop.
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E-bike safety isses

The safety issue contains two aspects. On the one hand, e-bike useiewmsealves
asa group that is vulnerabte motorised vehicles. On the other hand, e-bikes usersO

violation behaviours believed to threaten the safety of other group users.

From other usersO viewpoints, e-bikes are OdangerousO and OuncontrolledO. The
violation behaviours of e-bike users mainly include running red lights, speeding,
overloading, driving the wrong way and sudden lane changes without warning. When
other groups were asked about e-bike development, many of the respondents

suggested that e-bike users should increase their safety awareness.

Road safety is the main reason why e-bikes are restricted or banned. In 2001, a
ONotice of Strengthening E-bike RegulationO was published by the Ministryiof Publ
Security, the Ministry of Industry and Information Technology, the State
Administration for Industry and Commerce, and the General Administration of
Quality Supervision Inspection and Quarantine. These clearly state that loca
governments at various levels should regulate the e-bike industry and e-bike users®
behaviour. After that, four provinces and 42 cities issued corresponding e-bike

regulation to clarify the e-bike traffic regulations.

6.5 Conclusion

To understand e-bike transition and e-bike adoption characteristics, a suagey
conducted in Nanjing City. This chapter explores how e-bikes were embedded in the
current transport regime (RQ3) and what are the mechanisms underlying e-bike rapid

uptake (RQ5). Specifically, we need to understand who is using e-bikes, the trip
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purpose of using e-bikes, the reasons for selecting e-belgg associated with

e-bike adoption, safety concern, and the attitudes of other mode users to e-bikes.

E-bike users are mainly career-age commuters and have much higher than average
education levels than other inhabitants of Nanjing City, which are very diffieoent

other countries. The trip time of e-bikes usually ranges from 20 to 30 minutes. The
most popular e-bike type is hybrid style with a lead-acid battery. Also, edisies

prefer to buy e-bikes from local shops rather than online shopping.

E-bike transition is highly embedded in the current transport regime, for the reasons
that: 1) The general attitudes of e-bike users, non-e-bikes users and poditfee
towards e-bikes are positive; and 2) e-bikes have been adopted widely in many
aspects of daily life settings, including commuting, going shopping, picking up

children.

The reasons why respondents choose e-bikes include low cost, effort savitug flexi
trip times, time saving in traffic jams, and high accessibility.r@s#udes also affect

the reasons why respondents choose e-bikes, that is, travelling by e-bike gives a se
of freedom and provides practical usage. The attitude to e-bike rapid development
among the citizens (car drivers, pedestrians, bicycle users, and traffig) gefids to

be positive. Most of the citizens admit the advantages of e-bikes subleirzg
environmentally friendly, convenience for daily use, road resource saving, and noise
reduction. However, they also suggest that e-bike users should improve thgir safet

awareness. In terms of infrastructure, they advocate to widen bicycle lanes.

Safety and battery issues are the main negative factors impedingteah#iton. The
two issues induce e-bike restriction and a policy to ban them in soe® &itizens
claim that e-bike users show various traffic violation behaviours, including running

red lights, overloading, fast speed, and sudden lane changes. Also, e-bike users are
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more likely to have conflict with motor vehicle users and pedestrians. In myiesa
most of the e-bikes carried lead-acid batteries, which cause leadgmoliilso, due
to the nature of lead-acid batteries, e-bike users claim that thegarg and difficult

to charge, which causes user anxiety in social practices.
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Chapter 7

A Case Study of Electric Bicycles in Nanjing:
Sustainable Transport Consumption Behaviour
and Societechnical Transition Part 2

7.1 Introduction

The preceding chapter has revealed that e-bikes are embedded well in the current
regime. Concerning the wide adoption of e-bikes in the transport system, if e-bike
users abandon e-bikes in the future or e-bikes are bamrelirge scale, it will lead

huge pressure to transport system. In this case, it is urgent to understand esisi®e us
future transport mode choice and travel behaviour. This chapter is intended to know
how much longr e-bikes can keep being OembeddedO in the transport regime (RQ4).
Specifically, we focus on the following questions: 1) What factors inflee¢he future
choice of e-bike use? 2) What alternative travel modes will be awai&@aid what
factors influence the corresponding future choices? 3) Are e-bikes a futuiaalsta
mobility or only an intermediate mode to cars? The research results chdpter are

a part of Nanjing case study, and the data used are based on the survaymom Na

City.

The chapter is organised as follows. Firstly, the survey results of the tinice of
e-bikes and other alternative travel modes are discussed in Section 7T2th€o
explore the mode choice behaviour, Section 7.3 discussed the factors influéecing t
future choice of e-bikes and alternative travel modes using the Genelahezd
Model (GLM) and Binomial GLM. A further analysis is performed in Section 7.4.

The final section is the conclusion of the chapter.



7.2 The future choice in the sets of-bikes and other alternative

travel modes

E-bike future adoption

100.00%

80.00%

60.00%

40.00%

% of survey respondents

20.00%

0.00%
Yes, 1-2 Years Yes, 2-3 Years Yes, above 3 Years No

(Sample size:403e-bike userg
Figure 7.1 Expected future use of &ikes: Nanjing survey

In our survey of e-bike users, more than 40% of participants expected to continue
using e-bikes in the following two to three years, 30% of participants expented

three years, and 20% of participants in the following two years (Figure 7.1). The
percentage of people expecting to transfer to other travel modes is only 29. Thi

suggets that e-bikes hav&atisfed the current demand of travellers to a great extent.

Alternative travel mode choices if e-bikes are unavailable

Concerning the possible alternative travel modes in the future if e-bikes are
unavailable, for example due to e-bike policy, public transport is the primary choice
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(buses are 38.96% and the metro is 36.72% respectively), followed by private cars
with 28.54% of responses (Figure 7.2).

100.00%

80.00%

60.00%

40.00%

% of survey respondents

20.00%

0.00%
Bus Metro Private Car Walking Bike Taxi Motorcycle EVs Coach Tricycle

(Sample size: 40&-bike userg
Figure 7.2 Alternative mode choices in the absence obées. Nanjing survey

In comparison, fewer than 25% of e-bike users expected to be using bicycles or
walking in the future. This may indicate that the travellers have anasioge
requirement for travel speed, so bicycles are not attractive to!@wenof the reasons
could be that the travel distances have grown due to the separation of housing,
working, and other activities in a growing urban area, which results in a requirement
for faster vehicles. In addition, when e-bike users were asked whether they would
transfer to motorcycles if e-bikes were to be banned in the future, only 10.53% of
them responded that they would consider it in the future. The reasons could be the
high purchase cost, heavy weight and high operation cost of motorcycles. Very few
people expected to adopt Electric Vehicles (EVs), coaches, and trjoyblies only

occupy a very tiny share of the market.

In the surveys in other cities, buses are the most popular alternativentiaelas in
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Nanjing (this study), Shanghai, Kunming, and Shijiazhuang (Cherry and Cervero,
2007; Weinertet al, 2008), whereas private cars are the most popular alternative
mode in XiOan (Xet al, 2014). The alternative mode choice may vary with the cities
due to the difference of city scales, the household income and the levieé of

development of public transport system.

Reasons for transferring to other alternative mode ot®

100.00%

80.00%

60.00%

40.00%

% of survey respondents

20.00%

0.00%
Long Distance Income New Bus E-bike Bad Road New Metro Physical
Increase Routes Added Performance Condition  Stations Added Discomfort

(Sample size: 39&-bike userg
Figure 7.3 The reasons for future alternative mode choice: Nanjing Survey

For long distance trips, it is highly possible that e-bike users will feans other
travel modes, which indicates thanotorised vehicles have more advantages over
e-bikes for long-distance trips (Figure 7.3). The problem may arise from thatiamit

of e-bike batteries. The second essential factor motivating e-bike aseasidfer to

other travel modes is the increase of income, which implies that eaonomi
considerations are a key point underlying the current e-bike adoption behaviour. With

anincrease of income, users are willing transfer to other modes, for expnvalte
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cars. Thirdly, the improvement of the public transport system can attracge |
number of travellers from e-bikes. In our survey, new added bus routes contributed to
more than 20% of the transition from e-bikes, and newly added metro stations
contributed to 18%. The transfer from e-bikes to other modesodauelisatisaction

with the e-bike performance is less than 20%. This indicates that e-bike tegbaol
have satisfied the travel demand to a great degree. Other reasons imfjuetae
choices include bad weather conditions and physical discomfort, but thesssare |

than 20%.

Understanding alternative mode choices is crucial in order to predict et off
e-bike administration policy. If e-bikes are banned, it will cause a signtfy higher
demand for buses and the metro. Another possibility is that the Oe-bike barsO pol
will induce a significant increase in the use of private cars, whiltlplace a higher
burden on the traffic system and produce more pollution. If urban governments can
allow for the development of e-bikes, traffic congestion will be lower thauald
otherwise be the case, and at the very low cost. The travellers dlsetain an

additional choice to achieve personal mobility.

Future suggestions for e-bike development

Future suggestions for e-bike development are revealed by different groups, as shown
in Figure 7.4. A Chi-squared test of independence was performed to examine whether
there were statistically significant differences amongst differevieller groups in
relation to their suggestions for e-bike development. After the test,tistdlys
significant differences were found in the suggestions such as wideningabés, |
building e-bike lanes, building charging points, increasing parking places, increasing
e-bike speed, banning high-speed e-bikes, and enhancing road safety awareness
(Table 7.1). On the other hand, no statistically significant differences wken the

suggestion is accelerating e-bike innovations (Table 7.1).
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Innovation

DOcar Drivers DO Bicycle Users Pedestrians B E-bike Users

(Sample size: 20@ar drivers; 200 bicycle users; 200 pedestrians; 393l®ke userg
Figure 7.4 Future suggestions for e-bike development: Nanjing survey

Approximately 60% of pedestrians suggested that bicycle lanes should be widened
which is also advocated by 55% of car drivers and 50% of e-bike users. However,
bicycle users prefer building separate e-bike lanes, implying that thengbstycle

lanes are too narrow to satisfy the mixed use of both bicycles and e-btek, w

could cause traffic conflicts between them.

More than 70% of pedestrians thought that e-bike users should enhance road safety
awareness. The result indicates that pedestrians feel that thesadeiyp has been
threatened seriously by the e-bike users riding without sufficient safeteress.

Even 30% of e-bike users also held #ameopinion as pedestrians, which further

exposed the traffic safety problems caused by e-bikes.

It is not surprising that different groups interpreted the road situations and gave
suggestions from their own standpoints and experiences. For example, car drivers
thought that the speed of e-bgkwas acceptable, while nearly 40% of pedestrians

suggestd banning high-speed e-bikes. Another example is the fact that e-bike users,
car drivers and pedestrians suggested widening bicycle lanes. Yet from the

perspective of bicycle users, the introduction of separate e-bike lanesrés m
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reasonable, which implies that e-bikes were viewed as a threatdafétyg of bicycle
users when sharing the same lane. However, the overall attitudes of all gfoups
respondents to e-bike development are positive. They agreed that e-bikes have

contributed to personal mobility and are very environmentally friendly.

Widen bike lanes | Total Build ebike | Total Build  charging| Total
lanes points
Yes No Yes | No Yes No
CD 105 95 200 CD 96 104 200 CD 75 125 200
BU 43 157 200 BU 57 143 200 BU 35 165 200
P 115 85 200 P 1 199 200 P 1 199 200
EbU | 190 203 393 EbU 167 | 226 393 EbU 143 250 393
Total | 453 540 993 Total | 321 | 672 993 Total | 254 739 993
X& 63.2734p-value<0.00001 X& 134.972p-value<0.00001 | X&111.983p-value<0.00001
Increase  éike | Total Increase Total Ban fast speeq Total
parking places e-bike speed e-bikes
Yes No Yes | No Yes No
CD 34 166 200 CD 31 169 200 CD 38 162 200
BU 40 160 200 BU 37 163 200 BU 24 176 200
P 6 194 200 P 9 191 200 P 70 130 200
EbU | 126 267 393 EbU 68 325 393 EbU 82 311 393
Total | 206 787 993 Total | 145 | 848 993 Total | 214 779 993
X&70.684 p-value<0.00001 X&21.2325p-value=0.000094 | X&33.0677 p-value<0.00001
Enhance roaq Total Accelerate Total
safety awareness e-bike
technology
innovations
Yes No Yes | No
CD 31 169 200 CD 38 162 200
BU 41 159 200 BU 33 167 200
P 144 56 200 P 54 146 200
EbU | 120 273 393 EbU 97 296 393
Total | 336 657 993 Total | 222 | 771 993
X&177.9534p-value<0.00001 X &8.9585 p-value=0.029847

CD: Car Drivers; BU: Bicycle Users; P: PedestriansEbU: E-bike Users
Table 71 Chi-squared test of future suggestions for éike development Nanjing survey

From the theoretical perspective, the suggestions about future e-bike develapment

closely related to the landscape and regime change. In terms of the sunggisti
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improving bicycle lanes, if a great number of vehicle users have this reqoiratne

will give rise to an intensive pressure on the regime, which will potntiestabilise

the existing mobility regime. Subject to this pressure, policy makers cokdd ta
measures to improve the transport infrastructures in favour of e-bikes. Suggestions
regarding the enhancing of road safety awareness may be undersi@dorrasof
socio-cultural process, occurrirag the landscape level. The suggestion to accelerate
e-bike innovation is a requirement of socio-technical transition, and can hstoode

as the expansion of a niche activity. Innovation in technology places pressure on
numerous regimes, including the e-bike industry and the automobile industry in terms
of new skills and technical competence requirements, safety and envirohmenta

regulation, purchasing practices, and new capital investments.

7.3 The Factors influencing the future choice of-bikes and

alternative travel modes

The explosive growth of e-bikes has already attracted the attention of goverpatent,

many city authorities treated e-bikes as an obstacle to ChinaOs motogatttivay

and issued an Oe-bike bans policyQ, ignoring the fact that the spontaneous emergence
of e-bikes had already embedded them into Chinese citizensO lives. ltdgegruit

if e-bikes are suddenly banned, other travel modes will be subject to substantial
pressure due to a great number of users transferring from e-bikes. Understanding the
factors influencing the alternative travel mode choices can help alltivattraffic

resource in the future.

In order to better understand the influencing factors of e-bike usersO model behaviour
and predict e-bike use in the future, e-bike use choice models were invedbaseed

on demographic information (age, gender, income, and education), positive and
negative associations, and other alternative specific characte(sticls as safety
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issues, e-bike prices, and previous travel experiences). The corresponding research

guestions are:

1) What factors influence the future choice of e-bike use?
2) Assuming that e-bikes are not available, for example due to an e-bike ban polic
what alternative travel modes will be available and what factolsemde the

corresponding choices?

7.3.1 The factors influencing the future choice of e-bike use

Number of observations=43, ACI=814, Multiple R# 0.7108,Adjusted R# 0.6991

Variable Estimate  Std. Error tvalue Pr(>|t|)
(Intercept) 0.860177 0.090531 9.501 <2el6***
Age 0.048985 0.040494 1.210 0.227169
Agett -0.006252 0.005554 -1.126 0.261004
Number of e-bikes in household 0.060415 0.022406 2.696 0.007329**
Number of bicycles in household 0.041188 0.014251 2.890 0.004077**
Number of cars in household -0.031256 0.018843 -1.659 0.098010 .
Walking (previous travel mode) 0.051944 0.025849 2.010 0.045203*
Bus (previous travel mode) 0.058758 0.025161 2.335 0.020061*
Metro (previous travel mode) -0.066453 0.035637 -1.865 0.063007.
Have accidents (1 if have accident, O otherwise -0.053495 0.024080 -2.221 0.026920*
Flexible time (reason of ebike adoption) 0.048543 0.024680 1.967 0.049936*
The feeling of freedom 0.082445 0.023384 3.526 0.000475**
Pro-e-bike attitude (1 if pro-e-bike, 0 0.065828 0.032211 2.044 0.041697*
otherwise)

E-bike tends to be out of work during use (user -0.034381 0.011064 -3.108 0.002032**
anxiety)

E-bike price 0.033379 0.008400 3.974 8.51e05***

Commute (travel purpose) -0.076390 0.024637 -3.101 0.002079**

Significant. Codes: 0 O***0 0.001 O**0 0.01 0*0 0.05 0.0&8The shgeare of Age
Table 7.2 Results of predicting e-bike use choice model

The survey data were used to develop a Generalised Linear Model to preitiet e
usage in the future. The data were coded to represent the atttudebike

developmentsupportive or opposing (1 if it is supportive, 0 otherwise). The results of
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the General Linear Model are shown in Table 7.2. The dependent varitii#eymsars

of future e-bike adoption. The independent variables entering the model include user
demographics, the previous experience, and positive and negative associations and
attitudes. In the regression analysis of the previous study by Cherry and Cervero
(2007), the tested independent variables included user demographics, pro-e-bike
attitudes, reasons for e-bike adoption, travel time by bicycle minus e-bike, gender
(one for male and zero for female users) times age, and gender timgsared age.
Inspired by the study, we also chose user demographics, pro-e-bike attitudes, reasons
for e-bike adoption, and e-bike travel time as independent variables. In addition, we
introduced many new independent variables because they were closely related to
e-bike future adoption, including previously used travel modes, e-bike price, safety
considerations, feelings about e-bike adoption, e-bike user anxiety, and travel

purposes.

The results of the Generalised Linear Model show that future e-bike adoption is
significantly associated with the household ownership of various sorts of eshicl
E-bike ownership has the greatinfluence and plays a positive role. The ownership

of bicycles also increases the probability of future e-bike adoption in Hosviiog

years. By contrast, car ownership decreases the chances of e-bike adoption in the
future. This may indicate that household members who have not achieved personal
motorised mobility are more likelyp use e-bikes, while household members who are

accustomed to using cars are less likely to use esbike

Concerning the effect of previously used travel nspdde respondents who
previously adopted walking or buses expect to transfer to s-imkthe following
years, which is possibly due to a larger demand for personal motorised véiacles
before. In contrast, the e-bike users who previously travelled by metro arkédgs li
to use e-bikes in the future. This could indicate that consumers are riisiiecsaith

the service of the metro than buses. It is not surprising because theimetable is
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highly reliable and generally, waiting time is also much less than buse=fditee if
e-bikes are no longer used, it is more likely that e-bike users transfemtp thsi

metro instead of the bus.

Now we investigate how future e-bike adoption time is affected by tleefkaxibility

and the experience of freedom when riding e-bikes. Firstly, flexible travelisiran
essential characteristic of personal motorised mobility, which produce®jises,

and subjective temporalitiesO (Urry, 2007), and allows motorised vehicle users to
travel spontaneously rather than following the official timetable of basddrains.

The importance of travel time flexibilitys also reflected in our survey: the
respondents who agreed that e-bikes provide flexibility are more likely to continue to
use e-bikes in the future. Secondly, another essential characteristic of persona
motorised mobility is the experience of freedom. Compared with cars, e-bikes have
lower requirements on the infrastructure conditions and do not need specific parking
facilities as cars do. Furthermore, e-bikes can be used in a widerafasiggations,

such as on narrow or hilly roads and during traffic jams at peak times. Compared to
bikes, e-bikes are more effort saving and this extends the travel range. Ifueséike

feel independent when using e-bikes, the possibility of e-bike adoption for a longer

period of time will increase.

As expected, the participants who held the opinion that e-bike developmeritshenef
the urban transport system are more likely to choose e-bikes as their futete tra
mode. In contrast, user anxiggnegatively associated with e-bike usage. The e-bike
users who had accidents with other vehicles are especially unwillirdpf e-bikes

in the future. It is commented that the positive associations with wagenore
individual and internal; for example, the feelings associated with e-bégeu®n the

other hand, negative associations are more external and can be influenced through
contextual change; for example, improving e-bike performance, and enhancing traffic

safety awareness.



The models show that e-bike prices were positiassociated with e-bike adoption.

One explanation may be that the expensive e-bikes are normally of aduetiiey

and exhibit better performances which fully satisfy the desire of consumers.
example, the scooter style e-bikes, the most expensieg tgpe a strong frame, a
robust brake system, high speed and long battery life. Another reason may be that the
respondents plan to use e-bikes for a long period of time, and therefore are ohotivate

to invest in expensive e-bikes.

The trip purpose of e-bikes has a negative relationship with e-bike future adoption. If
e-bikes are used mainly for commuting, the possibility of adopting e-bikes in the
future is relatively small, probably because e-bikes confront the competition f

other travel modes when commuting.

Without statistical significance, the factors such as gender, incalneateon, and
trip time are precluded in the final model. That is, the future of edukgtion does

not depend on the gender, income, or the educational level of the person.

7.3.2 The factors influencing the alternative travel mode choice

It is important to understand the impact on alternative travel moddsikeés were to

be bannedasthe transfer of modewill incur environmeral costs and have mobility
impact in the urban transport system. In our sample, the five alternatreé rivades

are chosen, including buses (39.2%), metro (37.3%), private cars (29%), walking
(24.9%) and bicycles (22.9%), because they are the most popular ones. To understand
the factors influencing the aforementioned alternative travel mode cheiael,
alternative mode is tested by a Binomial Generalised Linear Modetamine the

relationship with the potential influence factors. The initial fact@nslependent
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variables) entering the models include demographics, previous travel moddedtiit
e-bike adoption, and the reasons for alternative mode transformation, becaase thes
factors were thought to have impact on mode choices according to individual
behaviour literatures (Handy, 1996; Hiscock et al., 2002; Srinivasan and Rogers, 2005;
Devarasetty et al., 2012; Boschmann and Brady, 2013). However, according to the P
value and ACI value, only the factors with significant correlation factor&epeand
analysed finally. The relationship between each mode and these infiydactors

are discussed below.

Number of observations = 403, ACI = 480.94,ikelihood Ratio=70.75, Pseudo B0.218

Variable Estimate  Std. Error tvalue Pr(>|t))
(Intercept) -1.22001 0.24334 -5.014 5.34e07***
Income -0.15946  0.07737  -2.061 0.039312*
Long trip distance 0.38240 0.17034 2.245 0.024771*
Previously used travel mode (bus) 0.79132 0.17230 4593 4.37e06***
Road condition is not suitable for ebike 0.72400 0.19768 3.662 0.000250***
Request anaccuracy of time 0.81026 0.21053 3.849 0.000119***
Demand of high accessibility 0.59011  0.17902  3.296 0.000979***

Significant. Codes : 0 O***0 0.001 0**0 0.01 0*0 0.05 0.0 0.1
Table 7.3 Predicting the likelihood that current e-bike users will transfer to bus
usage if e-bikes are unavailable

The dependent variable in this model is whether buses are the altecctadice
(1=Yes, 0=No), when e-bikes are unavailable. Income is neta@sgsociated with

bus usage (Table 7.3). That is, the low cost of travelling witbdissa critical factor
attracting lower income travellers, so the travellers with higher in@méess likely

to choose buses and are willing to pay more for a better transport servezalins
Road conditions also have an influence on choosing buses. The worse the road
condition is, the more likely it is that a consumer will choose to luséis. Other
factors positively associated with bus adoption include long trips, previoudlitigve

experiences by bus, and a high demand of time requirement and accessibility.
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Metro

The dependent variable for this Binomial Generalised Linear Model is whiside
metro is the alternative choice (1=Yes, 0=No), when e-bikes are unavailable. The
relationship between income and the probability of metro adoption is posittée(T
7.4), indicating that the travellers with a higher income tend to choose tine. me
Consistent with this, the travellers who use e-bikes mainly due to theicdst are

less likely to use the metro in the future.

Number of observations = 400, ACI = 448.13.ikelihood Ratio=100.56, Pseudo &0.304

Variable Estimate Std. Error t value Pr(>|t))
(Intercept) -0.44456 0.26865 -1.655 0.097967 .
Income 0.12452 0.06944 1.793 0.072922 .
Demand of low operation cost -0.31813 0.16140 -1.971 0.048723*
Request an accuracy of time 0.49310 0.19662 2.508 0.012146*
No time requirement -0.73227 0.27305 -2.682 0.007323**
New metro stationsadded 0.54511 0.18336 2973 0.002951**
Previously used travel mode (bus) 0.78801 0.14326 5.500 3.79e08***
Previously used travel mode (car) -0.74032 0.27575 -2.685 0.007258**
E-bike price -0.20961 0.05403 -3.879 0.000105***
Household ownership of bikes 0.20827 0.09187 2.267 0.023389*
Physical discomfort 0.65347 0.21059 3.103 0.001915**

Significant. Codes : 0 O**0 0.001 0**0 0.01 0*0 0.05 0.0 0.1
Table 7.4 Predicting the likelihood that current e-bike users will transfer to
metro use if e-bikes are unavailable

The requirement of time accuracy also plays an important role in metroaddpa

trip has a strict requirement dime accuracy, travellers are more likely to use the
metro. Consequently, if there are more new metro stations built, the traaeters
more likely to use the metro. So increasing the number of metro statiars is

effective method for attracting prospective metro riders.

The e-bike users who previously used buses are more likely to transfer to using the
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metro. This could be an indicator that the metro better fits travetlers@nds than

buses. In contrast, the respondents who previously used private cars are ke$s likel
transfer to the metro, because the respondents who are accustomed to personal
motorised vehicles have no preference for travel modes without travel itgxiBor

the same reason, respondesith expensive e-bikes have fewer chances to transfer to
metro. By contrast, the travellers who have bikes in their households are ketye li

to adopt metro use, especially when e-bikes are unavailable, indicatinghéhat
motorised transport is a future tendency. Furthermore, if respondents are physical
uncomfortable the probability of choosing the metro will increase. This could be

because metro facilities better suit their needs.

Private cars

Number of observations = 396, ACI = 411.98 ikelihood Ratio=86.98, Pseudo B0.283

Variable Estimate  Std. Error t value Pr|t])
(Intercept) -3.016897 0.578781 -5.213 1.86e07***
Gender (Female) 0.302403 0.150441 2.010 0.044419*
Age 0.694568 0.314618 2.208 0.027268*
Agett -0.104303 0.045859 -2.274 0.022941*
Household ownership of cars 0.420522 0.119104 3.531 0.000414***
Previously used travel mode (walking) 0.302770 0.163433 1.853 0.063946 .
Previously used travel mode (car) 0.403878 0.238591 1.693 0.090500 .
Income increased 0.451054 0.160022 2.819 0.004822*
Trip time 0.008088 0.002744 2.948 0.003201**
Trip distance (short) -0.605688 0.232945 -2.600 0.009319**
E-bike restriction police 0.485822 0.221792 2.190 0.028493*
Safety consideration 0.959678 0.248279 3.865 0.000111***
Demand of highaccessibility 0.296126 0.162452 1.823 0.068326 .

Significant. Codes: 0 O***0 0.001 O**0 0.01 0*0 0.05 O.& 0 he sygeare of Age
Table 7.5 Predicting of the likelihood that current e-bike users will use private
cars if e-bikes are unavailable

The dependent variable for this BinomialLl@ is whether using a private car is the
alternative choice (1=Yes, 0=No), when e-bikes are unavailable. The positive

relationship with car usage is found in female e-bike users (Table 7.5)inge¢hat
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female travellers have stronger intentions to transfer to using private cars.

It is noted that although female travellers presented a strong willingnesasfetrt

private car use, they may not actually take it into action, becauseisteesoealled
value-action gap between the attitude and corresponding behaviour. The
attitude-action gap has been found in various studies, especially in thenaistai
consumption and behaviour studies. For example, Lane and Potter (2007) explored
the consumer attitude-action gap in the adoption of cleaner vehicles ifKth@lsbn

(2013) uncovered the attribute trade-offs on green products preferences and choices to
explain why the consumers with pro-green attitudes frequently buy traditional
alternatives. The reason why the value-action gap exists is that themanaegous
internal factors€.g.motivation, emotion, awareness, values, attitudes, and knowledge)
and external factorse(g.economic, social and cultural) that affect behaviour and the
reasons behind consumer choices and not only attitudes (Blake, 1999; Kollmuss and
Agyeman, 2002; Mairesset al, 2012). Other psycho-social factors, including the
safety perception, and motives, also have a significant impact on trawaVidoer
(Pizam and Mansfeld, 1999; Cullinane, 2002; Hiscetkl, 2002). Therefore, it is

also possible for the value-action gap to occur in e-bike users when they have the
intention to transfer to other travel modes, so the probability of femalell¢rave

shifting to private cars in the future would be less than what is predicted by the model.

In the model, the use of private cars is closely correlated with tleéy sadncerns
regarding e-bikes. E-bike users with greater safety concerns about e-bike are more

likely to transfer to cars, meaning that they perceive that private cars are safer.

Age and ag&(the square of age) are signifidgnassociated with private car use,
suggesting that the older the traveller is, the more likely he or shaise tocars. But
up to a certain age, the trend is the opposite. The reason is that a large ofunidey

citizens in China cannot drive because motorisatidbhina started very late.
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As expected, the household ownership of cars is pdyitassociated with car usage.
Consistent with the effect of household ownership of cars, the travellers who
previously adopted cars are more likely to use private cars, if e-bikes become
unavailable. The result may indicate that private cars are the Oexmhesivetravel

vehicleO for travellers.

Trip time is significantly positiig related to private car adoption, indicating that the
longer trip times or distances lead to a higher probability of choosing private ca
Other potential groups of e-bike uses inclined to transfer to car use aréiel) T
respondents choosing e-bikes for high accessibility and 2) the ones who are worried

about the future release of an e-bike restriction policy.

Walking

Number of observations = 397, ACI =399.53,ikelihood Rati0o=75.13,Pseudo R~0.254

Variable Estimate Std. Error  tvalue Pr(>|t))
(Intercept) -0.871374 . 0.501176 -1.739 0.082095
Income -0.230349  0.099483 -2.315 0.020587*
Income increased -0.511154 0.244762 -2.088 0.036764*
Walking (previously usedtravel mode) 0.421115 0.226280 1.861 0.062740.
Road condition is not suitable for ebike  0.947014 0.235090 4.028 5.62-05%**
E-bike price 0.246562 0.070663 3.489 0.000484***
Trip time -0.023572  0.007059 -3.339 0.000840***
Request an accuracy of time -0.774549 0.349270 -2.218 0.026581*
No time requirement 0.969219 0.330402 2.933 0.003352**
New bus routes added 0.633668 0.224947 2.817 0.004848**
Pro-e-bike attitude -0.561309 0.244391 -2.297 0.021632*
Have traffic accidents using ebikes 0.512976 0.207033 2.478 0.013221*

Significant. Codes : 0 O***0 0.001 0**0 0.01 0*0 0.05 0.0 0.1
Table 7.6 Predicting of the likelihood that current e-bike users will transfer to
walking if e-bikes are unavailable

The dependent variable for this Binomial Generalised Linear Model is whethe
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walking is the alternative choice (1=Yes, 0=No) if e-bikes are unavailableminc
enters the model with a negative sign, suggesting that the survey particifpignts
higher incomes or high expectations for future income are less likely to choose
walking as an alternative mode (Table 7.6). This may be because walkihg is
cheapest way to travel. It is also possible that these respondentsighién income

are able to locate further from city centres in new housing developments]isogw
ceases to be a viable option. So the respondents who previously travelled log walki

are more likely to walk when e-bikes become unavailable.

If the respondents show a positive attitude towards e-bike development, thegsare
likely to choose walking. It is interesting that the participants who hawee m
expensive e-bikes are more likely to transfer to walking in the future. Abb®ssi
explanation is that the e-bikes with good performance satisfy usersO traaetisle

so they have no interest in other vehicles. But walking is a complement to e-bikes.

It is not surprising that trip time is negatiyeassociated with walking, indicating that
the shorter the trip time the more likely it is that respondents olbse to walk. But
if the trip has a high requirement on the accuracy of time, the respondef¢ssare

likely to choose walking.

The result also shows that respondents are more likely to choose walkingnevinen
bus routes are added. This could be because respondents need to walk toohss stati

The result could be an indicator that urban transport mobility tends to be multimode.

However, taking into account the safety issues of using e-bikes, walkingres m
likely to be chosen. That is, if the respondents experience accidents usimgn
e-bikes, they are more likely to choose walking. If road conditions are not stdeble
e-bike travelling, this can also increase the number of people willing risférato
walking.
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Bicycle

The dependent variable for this Binomial Generalised Linear Model is whethe
bicycles are the alternative choice (1=Yes, 0=No), when e-bikes are unavdilable
e-bike users who previously adopted bicycles are more likely to transfer back to
bicycles T e-bikes are unavailable (Table 7.7). From our model, the household
ownership of bicycles enters the model with a positive sign, suggestintehaiore
bicycles owned by the household, the more likely it is that consumershailise

bicycles.

Number of observations = 397, ACI = 408.39,ikelihood Ratio=35.64,Pseudo R~0.130

Variable Estimate Std. Error t value Pr(>|t))
(Intercept) -1.5548 0.3524 -4.412 1.02e05***
Household ownership of bicycles 0.2437 0.1152 2.115 0.03441*
Householdownership of cars -0.3946 0.1984 -1.989 0.04673*
E-bike performance 0.6609 0.2481 2.664 0.00772*
E-bike price -0.1284 0.0776 -1.654 0.09805.
Safety consideration 0.6384 0.2304 2771 0.00559**
New metro stations added 0.4960 0.2580 1.922 0.05460.
Bicycle (previously used travel mode) 0.5581 0.2137 2.612 0.00901**

Significant. Codes : 0 O**0 0.001 0**0 0.01 0*0 0.05 0.0 0.1
Table 7.7 Predicting the likelihood that current e-bike users will transfer
to bicycle use if e-bikes are unavailable

By contrast, the households who own more cars are less likely to use bieyutds,
agrees with our previous discussion that car users will continue to use ¢hes

future.

As expected, if the respondents are not satisfied with the e-bike penf@ntaey
tend to transfer to bicycle use. A parallel finding is that the more expeeadikes
the respondents have, the less likely they are shift to bicycle use, begpessive

e-bikes normally perform better and can satisfy usersO requirements.



Interestindy, additional metro stations can promote bicycle use, indicating that they
may be used to transfer to metro stations. So similar to walking, bicaesiso be a
complement to public transport. Finally, safety concerns regarding e-bikes is
positivdy associated with bicycle usage, which suggests that respondents believe t

bicycles are safer than e-bikes.

7.4 Analysis

7.4.1 Comparison of influencing factors

Table 7.8 listed the factors which can influence mode choices. Fastgn important
socio-demographic factor, ageas a significant relationshypith travel behaviour. In

our model, ag&influences car use significantly. That is, the older the person is, the
more likely he or she is to choose car use. But up to a certain point, heigiedse

likely to choose car use, probably indicating that older citizens are urgidi adopt

new technology or accept driving training. Cherry and Cervero (2007) found a similar
relationship between respondent age and e-bikes. Their e-bike future adoption model
suggested that e-bike usage increases with age up to certain point and teasedec
Other travel behaviour studies also reveal that there exists a signfiifi@nénce
between young travellers and old travellers from theoretical perspectivebdew

al., 2005; Boschmann and Brady, 2013).

E-bike  Bus  Metro Car Walking Bicycle

Gender (Female) N N N + N N
Age + N N + N N
Agett - N N N N
Income N + N N
Income increased N N N + N
Household ownership of ebikes + N N N N N
Household ownership of bicycles + N + N N +
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E-bike  Bus  Metro Car Walking Bicycle

Household ownership of cars - N N + N -
Pro-e-bike attitude + N N N - N
Have accidents (1 if have accident - N N N + N
0 otherwise)

Safety consideration N N N + N +
E-bike Price + N - N + -
Road condition is notsuitable for N + N N + N
e-bike

Long trip distance N + N N N N
Short trip distance N N N - N N
Trip time N N N + N N
Request an accuracy of time N + + N - N
No time requirement N N - N + N
Demand of high accessibility N + N + N N
Demand of lowoperation cost N N - N N N
E-bike performance N N N N N +
New metro stations added N N + N N +
New bus routes added N N N N + N
E-bike restriction police N N N + N N
Physical discomfort N N + N N N
Commute (travel purpose) - N N N N N
Flexible time (reason of ebike + N N N N N
adoption)

E-bike tends to be out of work - N N N N N
during use (user anxiety)

The feeling of freedom + N N N N N
Bus (previous travel mode) + + + N N N
Metro (previous travel mode) - N N N N N
Car (previous travel mode) N N - + N N
Walking (previous travel mode) + N N + + N
Bicycle (previous travel mode) N N N N N +

0O+0 positive sign, O-O negative sign, ONO no relationshif& Thé\gguare of Age
Table 7.8 The influence factors of travel mode choice behaviour

Income seems to influence the travel mode choice significantly. Incame i
significantly related to travel mode choices in our model. Travellers mgher
income tend to use more expensive travel modes, such as metro and cars. Our
conclusion is also supported by the travel behaviour research of Dieletran

(2002), who has similar finding that the higher the household income, the more likely
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it is that they use cars in their travel behaviour research. However atisticslly
significant relationship between income and mode choice was not found by Cherry
and Cervero (2007). Our study further revealed that people with high expectations for
future income tend to buy private cars. The result reinforces the automodbitityec
of China that the car is a symbol of wealth, whereas other vehiclearsadentified

as less wealthy or from a poor educational background.

The households in China tend to have more than one type of vehicle. In our sample,
nearly 50% of e-bike users have both e-bikes and cars in their households, and nearly
80% of car drivers have e-bikes in their households. This may indicate that the

respondents who have both e-bikes and cars are likely to adopt e-bikes. Hence,

e-bikes and cars can complement each other for a better motorised mobility.

According to the previous travel behaviour research (Handy, 1996; Cervero, 2002;
Naess, 2003; Naess and Jensen, 2004; Srinivasan and Rogers, 2005), the
infrastructure construction of public transport has a significant impact on chod=
behaviour. Our research results also fit their observations. In our research, newly
added metro or bus routes do not only increase the probability of using public
transport, but also increase the chances of bicycle adoption and walking. Stitis re
may suggest that the dotm-door service of e-bikes could be partly replaced by the
combined use of bicycles and metro routes. However, in the bike future use peedicti
model by Cherry and Cervero (2007), the factor of infrastructure construction of

public transport was not considered.

In this study, trip time requirement has an extensive influence on travel behavi
For the same trip length, if an accurate time is required, buses aneéttioeame more
likely to be chosen. In the opposite situation, walking is more likely. In addifian
trip is not urgent, travellers tend to choose slow speed transport mode. Hnt is

urgent trip, travellers tend to choose fast speed transport mode. The trip time
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requirement has not been considered in other e-bike mode choice study. This finding
is different from Cherry and Cervero (2007) who conducted a Logit model to examine
the factors which have an impact on the mode choice. Their model did not conside
the trip time accuracy requirement, but only took into account the travelgampe
between e-bikes and bicycles the independent variable. They suggested that the
wider the travel time gap between e-bikes and bicycles, the more likedythiat
people will choose e-bikes (Cherry and Cervero, 2007). In addition, the longer the
travel time of a particular mode, the lower the probability of choosing tbdens
(Cherry and Cervero, 2007). However, the trip time requirements affect the mode

choice to a greater degree than actual trip time.

Our study also fits utility-maximising rules. Generally, a traveller chotse suitable

travel mode according to the opportunity cost of the time that was spent on the
journey. In our models, when the trip has no time requirement, a traveller is more
likely to walk to the destination. If the trip is urgent, a traveller hasoagdesire to

save time and thus will choose a more expensive but faster travel imaaklition,

our model also fits the income effect, which is defined as a commapieaon that

the price change in consumption results in the change of the consumerOsmesl inc
and then the consumer purchases more or less products until a new equilibrium is
reached again for the real income (Deaton and Muellbauer, 1980). In our study, the
lower the income of the traveller, the more he or she is to use busewalk t@ather

than using a car, which suggests that they are sensitive to the pricellacitbose

basic travel services which match their income level. As income gwsyeller

will pay more for the travel service with better quality; for examplepib&o or a car,

so the price of the transport modes can stay in equilibrium.

Safety issues influence travel mode choice behaviour as an important psgio-s
factor. If e-bike users are sensitive to traffic safety problems, or expedi@ccidents

before, they are less likely to use e-bikes, and are more likely to trawehlking,
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bicycles and cars. SSnmez and Graefe (1998) found that perceptions of risk and safet
from past travel experience is significgnassociated with future travel behaviour by
applying information integration theory, protection motivation theory, and logic
regression. Their result concluded that perceptions of safety from past travel
experience increased the probability to travel there again, while the pemsegtrisk

from past travel experience decreased the probability to travel (SSnmezaefe,G
1998). Compared to the previous literature, which performed qualitative analysis on
safety issues, our study incorporated the safety factor to the regression ofodels

e-bike mode choice for quantitative analysis.

Bike + > Bike

Walking/‘zWalking

Figure 7.5 Travel mode transition flow when e-bikes are unavailable

In addition, it is found that the e-bike experience can change peopleOs amcforati
using alternative modes, as illustrated in Figure 7.5. One is a positat@mship
between the previous and future travel mode choices. The travellers who previously
travelled by bicyte are more likely to shift to bicycle use in the absence of e-bikes.
The similar trends are also found in e-bike users who previously used busesidcars
walking. The other one is the tendency to transfer to metro and private car use.
Pedestrians and those who previously travelled by bus are more likely to ttansfer
the metro use. In addition, the travellers who previously walked exhibited a great
demand for car adoption. The result implies an increasing demand for faester s

vehicles. The experience of e-bike adoption partly changed the future choioceebf tra
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modes.

7.4.2 Gender differences in future mode choices

The future travel model choices of female and male e-bike users arenceéd by
different e-bike usage experiences. This gender difference is embodied inutiee fut
adoption of motorcycles and private cars, but not found in the future choices qf buses

walking, bicycles, and metro (Table 7.9).

Bicycle Total Motorcycle&£ | Total Walking Total
Yes No Yes No Yes No
M 43 168 215 M 28 215 212 M 51 164 215
21.9% | 78.1% | 100% 13.1% | 86.9 100% 23.8% | 76.2% | 100%
F 43 175 178 F 13 165 185 F 47 131 178
24.2% | 75.8% | 100% 7.4% | 92.6% | 100% 26.6% | 73.5% | 100%
Total | 90 303 393 Total | 41 352 397 Total | 98 252 393
22.9% | 77.1% | 100% 10.4% | 89.6% | 100% 24.9% | 75.1% | 100%
X&0.175 p-value=0.6757 X& 2.825p-value= 0.0928 X&0.325 p-value= 0.540
Bus Total Metro Total Private cars Total
Yes No Yes No Yes No
M 86 129 215 M 73 142 215 M 51 164 215
40.0% | 60.0% | 100% 34.0% | 66.0% | 100% 23.8% | 76.2% | 100%
F 68 110 178 F 73 105 178 F 63 115 178
38.3% | 61.7% | 100% 41.1% | 58.9% | 100% 35.4% | 64.4% | 100%
Total | 154 239 393 Total | 146 247 393 Total | 114 279 393
39.2% | 60.8% | 100% 37.2% | 62.8% | 100% 29.0% | 71.0% | 100%
X&0.132 p-value=0.79579 X& 2.077 p-value=0.14963 X& 6.443 p-value=0.0111

M: Male; F: Female ! : p-value <0.05; A p-value<0.1

Table 7.9Chi-squared test results of alternative travel modes

The significant difference between female amdle ebike users in terms of future
motorcycle choice is similar to the gender differences in the previous mdtorc
adoption: the percentage of male respondents (13.1%) is more than female

respondents (7.4%).
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The gender differences in future private car choice are especially cgmif85.4% of
female ebike users are willing to shift to using private cars in the absencéikés,

while only 10.7% of them previously travelled by private cars. In comparison, fewer
male ebike users (23.8%) will shift to private cars in the future. The resulse al
supported by the prediction of our Binomial Generalised Linear Model that female

respondents are significantly positiveelated to private car use.

7.4.3 Future transition of ebikes

E-bikes may serve as an intermediate mode in NanjingOs motorisation pathway
because e-bikes are weakly embedded in the future transport regime. Tiea$iost

is that many respondents are willing to shift to private cars with a@ase in income
according to our survey results. In addition to practical usage consideratisnis, thi
also closely related to the automobility culture in China. A car user isatigrm
viewed as a persowith wealth and a well-educated background. In contrast, the
current symbolism and social connotation of e-bikes is that e-bikes usetsrdried

as Opoor, not well-educatedO (Tyfield, 2014). However, it should be pointed out that
the above negative opinions on e-bike users are not completely consistetitewith
facts. For example, our survey reveals that the average education and incgoé le

the e-bike users is much higher than the overall average level of NanjinGX8y%

of e-bike users have obtained a college degree or above, and 45.23% of e-bike users
have completed a university degree. 87.6 of the e-bike users are employed and their
income is in a higa-middle range. Nevertheless, such a negative impression of
e-bikes in the public domain is hard to change in a short time, so eaviikely to
influence the future choice of e-bikes and profoundly shape the trajectory of
socio-technical transition. Secondly, the possible e-bike restrictions angbiarys

bring more uncertainties to the future of e-bikes.
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7.5 Conclusion

The Chapter used the data collected from the survey in Nanjing to explore the
research question how much longer e-bikas continue to be embedded in the
transport regime (RQ4). The analysis is based on MLP and some theories on travel

behaviours.

The Generalised Linear Model predicts the choice of future e-bike adoptien. Us
attitudes, demographics, safety issues, and user anxiety about battery perf@mance
all significant factors that influence travel mode choice in the faésed Linear
Models and Binomial Generalised Linear Models. The probability of choosing &-bike
is positivdy associated with the household ownership of e-bikes, the household
ownership of bicycles, the cost of e-bikes, a feeling of freedom, pro-e-bikeledti

and the demand for flexible trip times, while the negative factorshar@ousehold
ownership of cars, user anxiety about e-bike performance, and experience of

accidents.

If an Oe-bike ban policyO is issued, the possible alternative modes arkasinke
follows: buses, the metro, private cars, walking and bicycles. Hence, thie publ
transportation will be subject to a great transportation pressure. The Binomial
Generalised Linear Model shows that the alternative mode choidgnisicaintly
related to income. The lower income respondents tend to usedyusill walk, while
higher income respondents prefer to use the metro and private cars. If theuirgsre

an accuracy of time, the respondents are more likely to choose motorisddsvehic

the trip has no time requirement, the respondents are more likely to chooseastiow
cheaper travel modes, such as walking. New metro stations will inctbase
likelihood of choosing to use the metro and bicycles. New bus routes wilhgectke
chances of adopting walking as a mode of transport. Participants with high
expectations for future income increase tend to buy private cars, which subgests
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the e-bike is highly possible to become an intermediate mode to camnm ¢é

personal mobility vehicle choice.
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Chapter 8

Conclusion

8.1Responses to researchugstions

The thesis investigated the e-bike socio-technical transition phenomenomay G$ing an
abductive case study approach, which includes three research units (Chimg, Beghou)
based on the secondary data and one substantive case study (Nanjing) based odatamary
collected from survey questionnaires. The thesis analysed the e-bike industry ieypdnpol
China, following up with the historical analysis of the e-bike transition prottessncluded
that e-bikes spontaneously emerged in China, which is not a result of diregtirpodive
policy support. The e-bike transition pathways are identified. After that,stimeey
guestionnaire results were discussed in order to understand how e-bikes are ernmbided
current and future transport regime and the underlying mechanisms behind e-bikierransit

The answers to the research questions posed in Chapter One (Introduction) are as follows:
RQ1. Can socio-technical transition occur without deliberate policy support?

Through the overview of the top three e-bike production regions, namely, Tianjin, Zhejiang,
and Jiangsu, and more importantly, an analysis of the e-bike transition in Clniga us
transition theory, it is found that the emergence of e-bikes in China is spmntanghout
positive, purposive policy intervention. In the application of transition theory, the
Multi-Level Perspective (MLP) is applied to examine the e-bike tramsiihenomenon,
because it provides a useful analytical framework for understanding the caagblic
socio-technology transition process. From a national level, the OElecyideBiGeneral
Technical RequirementsO issued in 1999 clarified the definition of e-bileshe ORoad
Safety LawO issued by the NPC in 2004 rendered e-bikes a legal statusrastorised
vehicles. However, no policy was issued to directly support the e-bike industipmaeat

from central governments. Moreover, some local governments have a negative policy
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intervention for e-bike development.

RQ2. How can we explain the rapid emergence and enduring popularity of e-bikes in China?

The MLPwasused to analyse a wide range of transition presessit it does not provide

clear information about the spatial dimensions of understanding socio-tectnaitsition,

which could be problematic when put into practice, especially for theataShina which

has a heterogeneous geography and complicated policy structures. In order to overcome this
problem, the Multi-scalar MLP is applied in this thesis, dividing China thtee scales

which vary according to spatial dimension, culture consideration and policy structure
macro-level (the entire nation), meso-level (provinces), and micro-levekjcitieaddition,

the transition pathways in the MLP are identified to examine the etfaiRsition process in

China.

On macro-level, there are two transition pathways: the transformation yatRap(1980D

1999), and the de-alignment and re-alignment pathway (P2) (1999 onwards). On the
transformation pathway, e-bikes stayed on the niche level due to immatuneltgy and

weak customer service. On the de-alignment and re-alignment pathway, a window of
opportunity is created by landscape pressures and e-bike technology development. The
landscape pressures arose from the fact that the motorcycle industry dithrgivganment
support any longer and e-bikes were legally approved to travel on bicycle lanes in 2003.

In addition, on the micro-level (Beijing and Fuzhou), the e-bike transition process als
followed the P1 and P2 pathways. The landscape pressisieom e-bike bans released by

local governments. Beijing initially proposed an e-bike ban policy in 2002, and tleshitlift

in 2006 due to pressure from outside criticism and the increasing demand for personal
motorised mobility. Fuzhou initially issued a ban on the sale of e-bikes in30@& Public
Security Department. The e-bike ban policy was lifted because e-bike sismisthe
government, but the Fuzhou government banned e-bikes again in 2003. This ban policy was
lifted in 2007 due to outside criticism and the fact that Beijing haglllits e-bike ban policy

the previous year. After lifting the e-bike bans, e-bike sales increased vekyyquithese

two cities.

RQ3. How are e-bikes embedded in the current transport regime?
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More than 1,000 survey questionnaires were conducted to collect substantiddaldatéha
e-bike transition process. Before the survey, semi-structured interwesgsconducteds
Exploratory Research and the results were used to help design the questianntiees
survey. The participants of the survey questionnaires were e-bike users, bierslecas
drivers, pedestrians, and traffic police. The questions in the survey coverdd aange of
categories, including the demographics of e-bike users, the current e-bike adoptisn sta
e-bike mode choice reasons, non-e-bike users and traffic police officens@satibwards
e-bike development.

The survey results show that e-bike users are mainly young career-aged coranmlitease

a much higher average education level than the overall population of Nanjind fogy.
majority of e-bike users in Nanjing adopt hybrid style e-bikes equipped with ledd-aci
batteries. Following the data analysis, the result reinforces a conclhsibe-bikes have
already reached the current transport regimes. In addition, e-bikes seem tbdrahveelded

in the current transport regime. Two reasons can explain this. Firstly,tiiuelest of the
citizens to e-bike rapid development (car drivers, pedestrians, bicycle usersfamg@dlice)

are generally positive. In particular, the majority of respondents highly commended the
convenience of e-bikes. Secondly, e-bikes have been as widely adopted in matsy Ggfspec
peopleOs daily life settings, including commuting, going shopping, and picking up children, as
other transport modes in the regime level such as buses, metro, bicycles and walking.

RQ4. How much longr can e-bikes continue to be embedded in the transport regime?

To study the future model choice behaviour of e-bike users, the Generalised Mzl
(GLM) and Binomial GLM are utilised to analyse the survey data. The prdabili
choosing e-bikes is positilye related to the household ownership of e-bikes and ordinary
bicycles, e-bike prices, the feelings of freedom associated with e-bikesygadtitudes
towards e-bikes and a demand for flexible trip times. The household ownershns,ofiser
anxiety of e-bike performance, and experience of accidents are negatively related.

If an Oe-bike ban policyO is issued widely, buses, the metro, private daisg \sad
bicycles are possible alternative modes. The results of the BinorhMl show that the

alternative mode choice is significantly related to income. The respondghtsower
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incomes tend to walk and use buses, while higher income respondents prefetrthand
private cars. If the trip has no time requirements, the respondents arelkalyréol choose
slow and cheaper travel modes, such as walking. There is also a strong denandte

cars.

Although e-bikes have already developed to a large scale, they are stiy wededded in

the future transport regime, which may serve as an intermediate mode omgRanji
motorisation pathway. E-bikes can be easily replaced by buses, the metro,sbaydle
walking. In particular, e-bike users appear to transfer to using cars if theirarinoreases.
Many local governments have already proposed an e-bike ban palicys(angzhou, and
Shenzhen). Last but not least, e-bikes would be blocked by an existing transpod regim

dominated by cars and bicycles.
RQ5. What are the mechanisms underlying the rapid emergence of e-bikes?

As mentioned above, e-bike users in China are mainly young career-aged commuiers. In t
survey results, e-bikes are mainly used for commuting and picking up children. The main
reasons for selecting e-bikes are effort saving, flexible trip times,s@viag in traffic jams,

and high accessibility, but the influence from advantages such as being enwitaiyme
friendly and healthy is negligible. Moreover, the primary feelings associatixdebike
adoption are freedom and practical usage. Therefore, e-bike adoption is ablaeie ac
personal mobility. Besides, e-bikes increase the travel distance and trageéncy
regardless of regional difference, which indicates that e-bikes adapbwebanisation and
various travel purposes. Furthermore, e-bikes have low purchase and operation costs, and
therefore are treated as an affordable personal mobility, perfectly matbkimtgmands of

young career-aged commuters. This is the underlying reason for the e-bikeOs spontaneous

emergence.

8.2 The contribution of the thesis to the literature

8.2.1 Theoretical aspect

1) The traditional MLP framework did not consider the spatial dimensiossoid-technical
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transition. However, due to the large population and area of China, the e-bikeomassit
complicated process, influenced by the heterogeneous geography and policy structures. To
address this problem, the thesis adopted the MLP in the Multi-scalar mtanseidy the

e-bike transition in different geography and policy hierarchies. The idea ofsoal&-MLP

was proposed in previous literature, [us only limited to be a concept and did not provide

a guideline to explicitly distinguish the scalars in the national coritastthe first time that
Multi-scalar MLP is applied to analyse transition process and the scalars are specified

correspondingly.

2) Most of the MLP literature focuses on the policy support for sustainaiigity transition.
However, successful e-bike transition in China occurs without deliberate pakeyeantion,
which would be inspiring in the MLP studies. It is noteworthy that althoughypbbs not
played a supportive role in e-bike transition up until now and potentially even hindlered i
policy is a key to e-bikesO future embeddedneskina according to RQ4 findisg

3) Most transitions take a long time.g. sailing ship to steam ship takes 70 years). In
comparison, it has taken less than 20 years for e-bikes to enter the me@ihieda. The short

time dimension of socio-technical transition is also an important finding.

4) The MLP mainly focuses on institutional organisations but lacks an usoidirsy about
how behavioural-institutional change occurs. It does not pay the attention toues s
individual impacts on the socio-technical transition. This gap is fikedhis study, where
1,053 questionnaires in Nanjing city are used to provide a comprehensive study otigebike
patterns, charging patterns, other mode usersO attitudes, and e-bike regulations am€hina
the individual mode choice and travel behaviours are examined by value-action @gp the
and utility-maximising theory.

8.2.2 Empirical aspect

The previous e-bike research did not convey sufficient information about e-bike atadus
moreover, lacks the knowledge of charging use patterns and the interactionshbetves
users and other vehicle users. To fill this gap, the thesis has somduwmns from an
empirical aspect:
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1)

2)

3)

4)

To the best of the authorOs knowledge, it is the first time to use transition theory to study

the e-bike transition process.

The thesis includes a wide range of travel mode users, including e-bike users, bike users,
car drivers, and pedestrians. In addition, our study invited traffic police who were not
considered in the previous e-bike literature.

This study covers many topics that have not been addressed in the previous literature,
such as e-bike usersO anxieties, feelings associated with e-bike adoption, charging
behaviours, the attitudes towards e-bike transition, and the suggestions on e-bike future

developmentetc.

There are three contributions of our quantitative work on mode choices. Firstly, our

model tested a wide range of factors influencing travel mode choices which have not been
considered in previous e-bike studies, including previously used travel modes, e-bike
price, safety considerations, feelings associated with e-bike adoption, e-bike user anxiety,
and travel purposes. Secondly, the factors influencing other alternative mode choices to
e-bikes are tested in our study, which were not considered in the e-bike studies.

8.3 E-bike transitions and policy recommendations outside China

In the social science research area, e-bike study themes are diffénezgrb€hina and other

countries due to the inequality of e-bike development. In terms of the environingpéat,

the e-bike industry in China faces issues related to lead-acid pollutidnelectricity

generation, while many countries treat e-bikes as a sustainable trangpod.nethe safety

studies, running red lights is the main traffic violation behaviour in China, \wigte speed

is the main problem in other countries and areas. The health study in China px@rides

limited information, whereas in other countries it has been proven that echikeéacrease

physical activity. There are some evidences of e-bike crash data and inpurg G&ina, but

very little information from other countries and areas. These differengges that e-bikes

in other countries are still in the niche market. It seems that e-bées a more positive

impact in other countries, because e-bikes are treated as a sustmabté transport to
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provide clean mobility and improve health.

Although there are differences between China and other countries due to thetyneqtizé

e-bike development, the e-bike transition experience in China provides some valuable
recommendations. Because of the wide adoption of Onon-standardO e-bikes, raainy citie
China have started to issue Oe-bike banO policies. One reason forhisttie hational
standard for e-bikes has not been updated since 1999, which ignores the changesrarcons
demand and technology development. In this case, it is strongly recommended ¢hhikine
standard is updated in order to keep pace with technology development and market, dema
especially, the technology requirements, including maximum speed, maximum vegidht,
charging systems. In addition, the survey result of this study shows that baiteree®arrier

to e-bike development. Therefore, accelerating battery technology development is
recommended in order to promote e-bike development. Furthermore, safety issues are the
main concern related to e-bike adoption in China. Enhancing the safety awarEmdiss
transport mode users is recommended. It is also worth clarifying these rules for e-bike users.

Although e-bikes have been on the market in the Netherlands, German, Japan, and India
there is little information about e-bike market in these countries; fangea who buys
e-bikes, e-bike prices, and popular e-bike types. Clarifying this information woulddelp t
identify the needs of e-bikes, which would benefit the import of proper e-bike prahdts
shape their design.

8.4 Limitation and Future work

8.4.1 Empirical Development

1. Sample of the survey
The sample can be more repreaéwe if the survey locations can cover a wide range of

suburb or rural aresa Furthermore, it is more beneficial to the survey quality if public

transport users are included in the survey in Nanjing.
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2. Policy makers

The e-bike transition in China was not directly supported by policy makers. Howecan
change this situation? More could also be done to understand why policy so strongly
favoured New Energy Vehicles (cars) in China but did not attach this impottaeekikes

even though they have more mature technology and practical usage. This reseamth did
include the views of policy makers. In the future it would be helpful to include such views.

3. Environmental performance

Environmental performance is mainly concerned with e-bike batteries. Baisbiielpful to

investigate the full life cycle impact of e-bikes in different contexts and settings

4. E-bike industry

The industry itself has been neglected, in China and in other countries. Nos&telme
significant companies are now involved in the e-bike magkgtGiant and Bosch and others
in the EU and USA. The non-car battery electric vehicle market is ggoveipidly, with
myriad new applications. It would be helpful to understand more fully the oee@iomics

of the e-bike industry, as well as technology development and competition issues.

5. Interactions/synergies between e-bikes and other transport modes

Interactions between e-bikes and other transport modes, especially public tramspddt pe
explored. One example is how travellers choose different transport modes deperitigig on
trips. If more travellers use e-bikes, is it possible to mitigate croydétc transport? In
addition, along with other transport mode developments, how do e-bikes incorporate the

technologies from other types of vehicles and improve themselves?

8.4.2 New theoretical aspects

1. Spatial dynamics of mobility transitions, especially in an urban seittiisgnotable that in

the time period that e-bike use has grown substantially in China, there haa pagailel
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process of urbanisation that may explain some of this growth in use.
2. What happens to OresidualO forms of mobility as new niches emerge segintkeis

displaced? For example, we still see sailing ships in use, buisaselactivities and not as
practical transport tools. Is this the future for motorbikes, or petrol/diesel cars?
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Appendix B

Survey Questionnaire for Ebike users

Part 1 About you

Q1. Gender
1. Male
2. Female

Q2. Age
1. Below 19 2. 20D29 3. 30D39
5. 50D59 6. 60D69 7. Above 70

Q3. Educational background

1. Below junior high school

3. High school or technical secondary school
4. College or Undergraduate

5. Postgraduate

Q4. What is your occupation?

Senior corporate executive

Enterprise general staff

Skilled worker

Seltemployer

Public servant or institutional organisation staff
Student

Retiree

Unemployed

Other

© © N o g M w Dd P

Q5. What is your monthly salary (CNY)?

4.40Db49
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1. Below 1,500
2. 1,500D3,000
3. 3,000D4,500
4. 4,500D6,000
5. Above 6,000

Part 2 You and your ebike

Q6. Which vehicles have you replaced with e-bildes
. Bicycle
. Motorcycle
. Walking

. Bus

1

2

3

4

5. The metro
6. Private car
7. Taxi

8. Coach

9. Tricycle
10. Other____

Q7. For which purpose do you use e-bikes?
. Commuting
. Going to school
. Picking up children
. Going shopping

. Visiting friends

. Travel connections to the metro

1
2
3
4
5. Leisure
6
7
8. Business
9

. Other____

Q8. What is your maximum trip time when travelling by e-bike? AminutesA
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Q9.Why do you use e-bikes?

. Low purchase cost

. Low operation cost

. Effort saving

. Flexible trip time

. Saving time in the traffic jams
. High accessibility

. Environmentally friendly

. Health

. Other____

© 00 N O O A W N P

Q10. Are you worried or not worried about the following factors if using an e-bike®ePle
tick (1) your choice.

Strongly | Agree | Neutral | Disagree | Strongly
Agree Disagree

| would be worried about the narrow
bike lanes

It would expose me to wet or windy
weather

The speed of-bikes are too fast
E-bikes are too heavy

E-bikesare prone to failure during
driving

I would be worried about rear seat
safety

| would be worried about low batter
capacity

| would be worried about charging
difficulty

| would be worried about
maintenance difficulty

It would put my ebike at risk of
being stolen

Other

Q11. Which feelings do you associate with using an e-bike?
1. Being fashionable

2. Freedom

3. Relaxation
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4. Being greener

5. A sense of identity
6. Practical usage

7. Other__

Q12. The reasons why you do not use e-bikes:

1. Long travel distance 2. Short travel distance 3. Limited travel time
4. Plenty of travel time 5. Bad weather 6. Bad road conditions
7. Safety issues 8. Physical discomfort 9. Other____

Q13. Which vehicles do you have in your household? How many of these vehicles do you
have?

____E-bike ___Bicycle ____Motorcycle ___ Private car
____Other____

Q14. For how long did you use the e-bike (year or month)?

Q15. What is the brand of your e-bike?

Q16. What is your e-bike type?
. Bicycle style

. Hybrid style with pedals

. Hybrid style without pedals

. Scooter style

. Tricycle style

. Mobility scooter

. Other____

~N o o~ N P

Q17. What is the price range of your e-bike (CNY)?
1. Below 2,000

2.2,000b 3,000

3. 3,000D 4,000

4. Above 5,500
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Q18. Where did you buy your e-bike?
1. Shopping mall

2. Franchised store

3. Online shopping

4. Other___

Q19. What are the primary factors that influenced your e-bike purchase?

. Price

. Maximum speed
. Motor power

. Gradeability

1

2

3

4

5. Battery life

6. Distance per charge
7. Appearance
8. Brand

9. Customer service

10. Weight

11. Anti-theft system

12. Comfort level

13. Factor of safety

14. Environmentally friendly

15. Other_

Q20. What is your battery type?
1. Lead acid battery

2. Silica gel battery

3. Lithium battery

4. Other____

Q21. How often do you renew your battery?

1. Never changed 2. Less than once a year
3. Every 1to 1.5 years 4. Every 1.5to 2 years

5. Every 2 years or more
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Q22. What time do you charge the battery?
1. 0:00D5:00

2. 5:00D08:00

3. 8:00D17:00

4. 17:00D20:00

5. 20:00D24:00

Q23. Where do you usually charge the battery?
. Home

. Workplace

. Parking place

. Public charging points

. Business centre

. Service centre

. Other____

~N o o~ N P

Q24. What are the drawbacks of e-bike batteries?
. Heavy weight
. High price
. Self-discharge
. Slow charging

1

2

3

4

5. Safety issue
6. Large size
7. Short cycle life
8. Maintenance
9

. Other____

Q25. Where do you park your e-bike?
1. On the road

2. E-bike parking

3. Work place

4. Other___

Q26. What is your main concern about road safety?
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. Motor vehicle users occupy bike lanes

. Motor vehicle users travel too fast

. Bicycle users travel too slowly

. Pedestrians occupy bike lanes

. Pedestrians walk the wrong way

. Other e-bike users drive the wrong way
. Other e-bike users travel too fast

. Other e-bike users install umbrellas

© 0 N oo o A W DN P

. Improper turns
10. Running red lights
11. Other_

Q27. Have you ever had an accident, and if so, with whom?
1. Never

2. Yes, with a pedestrian

3. Yes, with a driver

4. Yes, with a bicycle users

5. Yes, with another e-bike user

Q28. Do you intend to use e-bikes in the future?
1. Yes,in1b2years 2.Yes,2b3years 3.Yes,in 3yearsormore 4.No

Q29. If you decide not use e-bikes in the future, what would your reasons be?

1. Long distance 2. Income increase

3. E-bike performance 4. Bad road condition

5. New bus routes added 6. New metro stations added
7. E-bike bans 8. Physical discomfort

9. Safety issues 10. Other____

Q30 If you decide not use e-bikes in the future, which vehicles will you use?
1. Bicycle

2. Motorcycle

3. Walking

4. Bus
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5. The metro

6. Private cars

7. Taxi

8. Coach

9. Tricycle

10. Electric vehicle
11. Other_

Part 3 Future suggestions

Q31. Which aspects of e-bikes should be improved greatly?
. Lighter weight
. Faster speed
. A better variety of models

. Battery performanc&lighter Elonger life cycleA

1

2

3

4

5. Better control
6. More comfortable to use
7. More fashionable

8. More accessories

9. Easy to maintain

10. Other____

Q32. Does rapid e-bike development have positive/negative effects on the urbportrans

system?
1. Positive 2. More positive than negative 3. Same
4. More negative than positive 5. Negative 6. No opinion

Q33. Which effects do you think e-bikes have on the urban transport system?
1. Relieve trafficams

2. Worsen traffic jams

3. No noise

4. Facilitate daily trips

5. Environmentally friendly



6. Save road resources

7. Worsen traffic control difficulty
8. Obstruct other vehicles

9. Increase accidents

10. Other____

Q34. Which suggestions are important for e-bike development in the future?
. Widen bicycle lanes
. Build e-bike lanes
. Build charging points
. Increase e-bike parking places

1
2
3
4
5. Increase maximum e-bike speed
6. Ban fast speed e-bikes

7. Enhance road safety awareness

8. Accelerate e-bike technology innovation

9. Establish an e-bike commercial insurance system
10. Increase the penalties for breaking legislation

11. Other__

32¢



Appendix C

Survey Questionnaire for None-bike users
Part 1 About you

Q1. Gender
1. Male
2. Female

Q2. Age
1. Below 19 2. 20029 3. 30D39 4. 40D49
5. 50D59 6. 60D69 7. Above 70

Q3. Educational background.

1. Below junior high school

3. High school or technical secondary school
4. College or Undergraduate

5. Postgraduate

Q4. Occupation

Senior corporate executive

Enterprise general staff

Skilled worker

Seltemployer

Public servant or institutional organisation staff
Student

Retiree

Unemployed

Others

© © N o g M w Dd P
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Q5. What is your monthly salary (CNY)?
1. Below 1,500
2. 1,500D3,000
3. 3,00004,500
4. 4,500D6,000
5. Above 6,500

Part 2 About e-bikes

Q6. Do you have an e-bike in your family?
1. Yes, I do 2. No, | do not

Q7. To what extent do you think e-bikes have an impact on your safety?
1.Alot 2.Some 3. Verylittle 4.Notatall 5. No opinion

Q8a. As apedestrian, what is your main concern about e-bike users? (Multiple
choice)

. Speeding

. Driving in pedestrian lanes

. Improper turns

. Reckless driving

. Driving the wrong way

. Carrying too many persons

. Overloading cargo

. Installing an umbrella

. Drink driving 1
. Other____

O © 00 N O 0o A W N P

Q8b. As abicycle user what is your main concern about e-bike users? (Multiple
choice)
1. Speeding
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. Running red lights

. Improper turns

. Reckless driving

. Driving the wrong way

. Carrying too many persons
. Overloading cargo

. Installing an umbrella

© 00 N O 0o~ WDN

. Drink driving
10. Other____

Q8c. As acar driver, what is your main concern about e-bike users? (Multiple
choice)

. Speeding

. Emerging into a motor vehicle lane

. Reckless driving

. Running red lights

. Improper turns

. Unsafe lane changes

. Driving the wrong way

. Carrying too many persons

© 0 N oo o A W DN P

. Overloading cargo

10. Installing an umbrella
11. Drink driving

12. Other_

Q9. Does the rapid development of e-bikes have positive or negative effetts on t
urban transport system?

. Positive

. More positive than negative

. Same effects

. More negative than positive

. Negative

o 01 A WN B

. No opinions
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Q10. Which effects do e-bikes have on the urban transport system?
. Relieve traffic congestion

. Increase traffic congestion

. Quiet, not noisy

. Facilitate daily trips

. Environmentally friendly

. Save road resources

. Increase traffic management difficulties

. Obstruct other vehicles

© 00 N O 0o A W DN P

. Increase traffic accidents
10. Others__

Q11. Which suggestions on strengthening e-bike management are useful? (Multiple

choice)

1. Enhance the safety awareness of e-bike users
2. Restrict e-bike travel on main roads in the city
3. Restrict e-bike travel in the city at specific times
4. Ban e-bikes completely

5. Limit or eliminate non-standard e-bikes

6. Strengthen e-bike traffic order

7. Build e-bike lanes

8. Strengthen e-bike registration management

9. Strengthen information about e-bike regulation

10. Strengthen the supervision of e-bike production
11. Strengthen the supervision of e-bike sales

12. Establish an e-bike commercial insurance system
13. Other____
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Appendix D

Survey Questionnaire for Traffic Police

Q1. Which type of behaviour displayed by e-bike users is the main source of
accidents?

. Drink driving

. Running red lights

. Speeding

. Driving the wrong way

. Improper turns

. Installing an umbrella

. Driving on restricted roads

. Suddenly changing direction

© 00 N O 0o B W N P

. Carrying too many persons
10. Overloading cargo
11. Other

Q2. Do any e-bike accidents happen when you are on duty? If yes, with which

vehicleU

1. Never 2. Pedestrians 3. Motor vehicles 4. Bicycles 5. Other e-bikes

Q3. Does the rapid development of e-bikes have positive or negative effiettie
urban transport system?

. Positive

. More positive than negative

. Same effects

. More negative than positive

. Negative

o O~ W N B

. No opinions

Q4. Which effects do you think e-bikes have on the urban transport system?

1. Relieve traffic congestion
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. Increase traffic congestion

. Quiet, not noisy

. Facilitate daily trips

. Environmentally friendly

. Save road resources

. Increase traffic management difficulties

. Obstruct other vehicles

© 00 N O 0o B~ WD

. Increase traffic accidents

10. Others_

!

Q5. Do you agree or disagree with the following suggestions for strengthening e-bike

administration?

Agree Agree | Neutral | Disagree | Disagree
strongly strongly

Enhance the safety
awareness of e-bike users

Restrict e-bike travel on
main roads in theity

Restrict e-bike travel in the
city at specific times

Completely ban e-bikes

Increase the number of
traffic police

The requirement of an
e-bike driving license

Strengthen e-bike
registration administration

Build e-bike lanes

Strengthen the supervision
of e-bike production

Establish an e-bike
commercial insurance
system
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Appendix E

The Technical Details of Ebikes

E.1 The technical details of three styles of eikes

Most e-bikes fall into three categories: bicycle style electricshigeooter style bikes,

and something between bicycle styles and scooter styles (hybrid style).
1) Bicycle style e-bikes

The maximum speed is around 20D30km/h. The low-end e-bikes are usually equipped
with a 36V lead aid battery, a 180-250W motor and single speed. The high-end

products usually set up intelligent controllers and derailleur gears.
2) Scooter style e-bikes

The scooter style normally has a larger 48V battery and higher powered motor (300D
500W), which allows it to reach a maximum speed of 50 km/h.

3) Hybrid style e-bike

The hybrid style e-bike is usually equipped with a 48 V battery. Generally, the
maximum speed is 30 km/h.

E.2 Essential Components of bikes

1) Controllers

The controller is the key component for controlling the speed of the e-bike (Hzobin
al., 2008). With updated technology, the controller makes modern electric bicycles
more intelligent. As a traditional e-bike, the driving force is completeynfthe
motor, which leads to battery life reduction and a higher electricity energy
consumption. Based on this, a new type of controller, called a microcontvadier,

designed with new functions, including capacity detection, over-current protection,
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brake mechanism, constant speed control, speed loop control and current loop control,
and this turned out to have better dynamic characteristics and ran steadihg éZ
al., 2013). Therefore, more energy could be saved.

2) Motors

The motor serves as the heart of e-bikes. The main function of a matarassfer
stored electricity into motive power which makes a force to turn a veimeetrive a
machine. The motor determines the maximum support, maximum speed, and
maximum torque. The development of motors has fundamentally influenced e-bike
development. In the 1980s, there was a short revival of e-bike production and sales.
The main actors were famous bicycle manufacturers such as Forever and Phoeni
bicycle manufacturers in Shanghai (Huang, 1999). At that time, e-bikes simply
resembled bicycles with a chain-driven rear wheel and a motor with a 1418 NM
motor output torque (Ruagt al, 2014). This motor has high noise, low efficiency,
and poor slope-climbing ability. In addition, the duration of the motor only lasts a few
months, which leads to quick wear and tear. The motor has to be replacetheery t
months in order to maintain the performance of the e-bike (Ruah, 2014). This
immature motor technology has slowed down e-bike industry development in China.

Motor type Technical parameters Characteristics Duration Price
Pan cake coil brush motor Voltage: 36V High material cost 1EByears Low
Power: 320W High noise

Efficiency: 68%072%  Low efficiency
Printed coil brush motor Voltage: 36V High material cost 1.54 Low
Power: 330W High noise years
Efficiency: 72%076%  Low efficiency
Compressed coil brush Voltage: 36V High material cost 1.54 Middle
motor Power 330W High noise years
Efficiency: 74%0/8%  Middle efficiency
Brushless motor Voltage: 36V Low material cost  10BR0 High
Power: 250W Low noise years

Efficiency: 68%®072%  High efficiency

Adapted from: Zhenet al, 2006.
Table E.1 Type of motors used for electric bicycles

Until the late 1990s, pan cake coil brush motors, printed coil brush motors and
compressed coil brushed motors were developed. The shortcomings of these three
types of motors included high noise, low efficiency, hygimaterial consuming,
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causing shock on battery, although these motors did have a longer lifespan (Tabl
E.1). As a result, the e-bikes released in the later 1990s did not need tewede
every three months, which made the e-bikes more popular. From 2000 to 2004,
brushless motors were developed (Zkeal, 2006). Comparedith the coil brushed
motor, the brushless motors, which are usually called brushless direct currerd, mot
have low material cost, low noise, higher efficiency and a very long lrieg@2D20
years). In addition, the brushless motors have no shock on batteries. This significant
improvement stimulated the e-bike market. In 2005, the sales of e-bikes rd&ched
million (Zhenet al, 2006). Today, most of e-bikes are equipped with a rear wheel
brushless hub motor.

3) Batteries

Lead acid battery Lithium -ion battery
Capacity 36V/10Ah 36V/10Ah
Energy Density 30Wh/kg 130Wh/kg
Price 300 CNY 850 CNY
Volume ( 6.5L @2.14L
Weight (13kg $3.5kg
Selt-discharge rate U20% @5%
Charging time 7E10 h 6E8h
Environmental impact lead Non
Lifespan 1E? years 4fb years

Adapted from: Bowen, 2014.

Table E.2 Lead acid battery and lithium battery comparison

For these three styles of e-bikes, all of them use rechargeable batieclading
sealed lead acid battery, nickel-cadmium battery, nickel-metal hybrid batergn

gel battery and lithium-ion polymer battery (lithium-ion battery). The voltage, total
charge capacity (amp hours), weight, and the number of charging cycles are the main
indicators of battery quality, which influence the energy costs of e-bike apesatd
battery replacement costs (Zhagtgal, 2014). For the same e-bike frame, the choice

of battery determines the total weight, travelling distance and tosalaf e-bikes.
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Lead acid batteries and lithium-ion batteries, which are two of the widsspread
batteries, are compared in Table E.2.

From Table E.2, we can see that the lithium-ion batteries have a ligbigntvand
smaller volume compared with lead acid batteries with the sameityap@he
characteristics of lithium-ion batteries not only reduce the total weigitbikes but

also facilitate the space allocated. Other advantages of lithiutpaib@ries include a
longer life cycle, stable discharging, high energy density, and high voltage. The
disadvantages are high cost, and easy explosion if not protected well. Altih@ugh t
safety issues associated with lithium-ion batteries have been imprbeedigh cost

is still an obstacle. The cost of a lithium-ion battery is almugtet times than that of

a lead acid battery. As price is an primary consideration, many custditeisoese

lead acid battery e-bikes rather than lithium-ion battery e-bikes.

The lead acid battery has dominated the e-bike market since 1998. The asaimsre
for this are that they are safer, cheaper, easier to produce and have a higiyidigc
current. The disadvantages are a short lifespan, heavy weight, low energy aledsity
pollution. Because of lead pollution, the lead acid battery is confronted witbaa
challenge. In 2011, a policy to regulate pollution from lead acid batteries alehthe
recycling industry was issued by the Ministry of Environmental Protection. As a
consequence, many lead acid battery factories were closed. The laad cicie
battery suppliers directly influences the e-bike industry.

At the same time, the ONotice of Strengthening E-bike Regulationtulwistied by

the Ministry of Public Security, the Ministry of Industry and Information Technology,
the State Administration for Industry and Commerce, and the General Admiorstrat

of Quality Supervision Inspection and Quarantine. This required e-bike manufacturers
to strictly follow the 1999 e-bike national standard (MIIT, 2011). Therefore, in order
to satisfy the requirement that Oan e-bike total weight is no more than 40kgO
increasing number of manufacturers adopted lithium-ion batteries as thessimgyje

to reduce the total weight of e-bikes (see Figure E.1). The production of lithium-ion
battery e-bikes doubled between 2010 and 2011, followed by an increase rate of over
200% in 2012 (Wang, 2015). In 2013, the output of li-ion batteries reached 1.68
million and this has increased 420 times since 2006 (Wang, 2015).
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Adapted from: QQDCW, 2011; EVTank, 2015; Wang, 2015.

Figure E.1 The production of lithium-ion battery e-bikes (unit: million)
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