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Abstract: Technological innovations in sociotechnical transitions are usually found in market or

spatial niches. These novel niches may sometimes emerge and expand, and eventually may erode an

established sociotechnical system regime. In this paper, we redefined niche emergence as potentially

consequent from the convergence of different regimes. That is, it is proposed that innovative niches

may be grounded in established regimes but subsequently expand or bridge to previously distinct

and separate other sociotechnical system regimes. However, the extension of overlapping regimes

creates new forms of “external” competition for industrial participants inside each regime. This paper

therefore proposes that regime–regime confluence may be observed in (1) the boundaries between

regimes potentially being broken via emergent new niches; (2) pre-existing local networks being

fragmented and reformed into exclusive and/or wider networks; and (3) competitive challenges

and pressures arising both from inside and outside the traditional industry. These outcomes are

illustrated in this paper with the case of automobility transitions arising from the combination of

C (connected), A (autonomous), S (shared), and E (electric) cars. The paper presents an analysis

of 340 instances of regime–regime boundary crossing examples over 10 years of data drawn from

specialist industry journals and websites. The number and diversity of the validated results show

that CASE vehicles are both a cause and consequence of automobile industry transition, and hence

that regime–regime confluence is an important neglected source of innovation and structural change.

Keywords: automobility; regime confluence; CASE; sociotechnical transition; innovation; indus-

try boundaries

1. Introduction

The concept of a “niche” initially derives from studies of ecological distributions
of species that featured “structural and instinctive limitations” and “exceedingly slow
modification down through time” [1]. The natural sciences perspective thus gives two
basic ideas. First, that the space available for niche growth is restricted. Second, that
the pace of growth is sluggish. In sociotechnical transitions theory, these concepts are
part of an evolutionary perspective in which a technological niche is embedded with
the same meaning that a novel technology emerges in a confined (spatial or market)
space, and it grows slowly if at all. Theoretically, new innovations are thus defined at
the “niche” level [2–5]. In contrast, regimes represent well-established technologies with
sizable markets, norms, rules, and restrictions. There are also clear boundaries between
regimes, which each demonstrate independent dynamic stability. Boundaries between
regimes are defined or determined by multiple characteristics, some of which are historical
convention or social practice. Hence the boundary of a regime will have product or service
characteristics: it is a car, or it is a loaf of bread. It will have societal needs characteristics: it
serves mobility, or it serves nutrition. It will have ownership and managerial characteristics,
regulatory characteristics, and definitions within, e.g., official data collection. Regimes
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will require distinct skills, at least some of which will be unique to the regime. Niche
emergence may challenge the established regimes such that original norms and order may
be broken and replaced by novel niches [6]. Geels argues that niche innovations may have
distinct new performance attributes that, while disadvantaged in some regards (such as
cost) are sufficiently attractive to warrant increasing penetration in markets. In parallel, an
existing regime may be under destabilization because of, for example, changes in external
conditions, which accelerate the opening of a “space” for niche expansion [7]. A new set of
norms, rules, and relations between original regime actors and “new niches” will reach a
state of new balance of dynamically-stable relationships [3,8,9]. There is much research on
niche–regime interactions demonstrated in prior studies [4,10,11]. However, innovative
niche emergence from regime–regime confluence has rarely been studied [12–14].

In this study, we propose that the future components of transportation in the form of
connectivity, autonomy, sharing, and electrification (CASE) niche innovation in cars (the
study does not include buses, commercial vehicles, or other transport modes) could both
compel and facilitate regime–regime confluence. The reason to adopt CASE features is that
(1) these elements come to contribute to environment sustainability through transformation
of users attitudes and travelling modes along with underlying technology advances and (2)
the popular emergence of the CASE concept components at around the same time 2008 [9].
Additionally, CASE concepts are all in the niche level [8,15] nonetheless they have become
highly developed. Niches are often carefully protected and shielded in incubation spaces,
for example via government policy [3,16] but they also could be competitive [17]. CASE
elements could be combined as one because they are potentially interactive and mutually
supportive. CASE concepts aim to change the commercial proposition from the physical
entity alone (the automobile) to a multidimensional service-added tool. It is a fundamental
challenge to automobility culture and to the established industry, but is also a profound
opportunity.

CASE technologies also carry profound implications for energy use in automobility.
Each individual element has the potential to improve fuel efficiency and reduce carbon
emissions. Much effort is going into the optimisation of elements of CASE or the totality
of the transportation system within which these vehicles may operate [18–23]. The ap-
plications have significant implications for traffic management, electricity supply, urban
infrastructure use, fleet management, and many other features—enabled by the availability
of real-time data [24]. This research has led to strong claims for the benefits of the CASE
concept. For example, Jones and Leibowicz [25] claim that operational efficiencies with
shared autonomous vehicles would mean that even if the vehicle miles travelled (VMT)
were double that of privately owned vehicles (POVs) the net effect would be to lower costs
and carbon emissions.

Autonomous cars in principle can offer more efficient driving modes compared with
human control, thereby saving energy per distance travelled. Connected cars can allow, for
example, efficient “platooning” of vehicles or optimized searching for proximate charge
points for electric vehicles. Car sharing has long been advanced as a means of improving
vehicle utilization at reduced ownership, thereby cutting carbon [26], and it is particularly
popular in European urban areas [27]. Meanwhile, electrification of the powertrain in
cars brings immediate carbon reduction performance [28] and, more significantly, the
opportunity to use interactions between the electricity supply grid and the car fleet to
achieve mutual benefits such as off-peak charging, peak load “shaving”, and reduced
installed electricity generation capacity requirements via technologies such as “vehicle-to-
grid” (V2G) (see for example, [29,30]).

CASE cars will embody a significantly different share of materials in their construction
and use, thereby having important implications for existing resources with a high degree
of dependence upon the automotive sector (e.g., steel, petroleum, and lead). The shift to
battery electric cars with a much higher level of on-board electronics will create growing
demand for materials such as copper, cobalt, nickel, and aluminium [31].
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In combination, CASE technologies could ultimately result in fewer car sales per
annum, particularly if sharing becomes established. Fewer cars will be removed from the
roads because of crashes, while battery electric systems are expected to be more reliable
and durable than petrol or diesel, reducing the need for replacement cars. There is a strong
interest in making cars, and especially battery packs, part of nascent “circular economy”
concepts, in part because of the high value of the materials involved [32]. Some forecasts
suggest that circularity in this sense could be achieved in mature markets by 2050 [33].

This study contributes to the literature on sociotechnical niche expansion and the
automotive industry by linking the CASE concepts as the individual and collective causes
and consequences of sociotechnical transition. This study highlights the catalysing role of
the technological niches comprising CASE to (1) help dissolve the boundaries between the
relevant industries; (2) stimulate the transformation from a (product centric) automotive
industry to a (service centric) automobilities industry; and (3) to be emergent as a property
of regime confluence.

Section 2 provides an overview of the theoretical framing of the research, grounded
in sociotechnical transitions theory and the concept of regime–regime confluence. As is
explained in this section, the analytical focus is on the automotive regime, but the boundary
crossing or dissolution activities are across more than one additional regime. Section 3
explains the methodological approach, where an innovative “real time” accumulation of
data was adopted. In Section 4 the main empirical and narrative content of the paper
is described. Finally, Section 5 presents the conclusions from the research. It is argued
that a focus on regime–regime confluence has significant potential in seeking to explain
medium-term sociotechnical transitions, and that the automotive industry provides a
good illustration of this contention. More generally, the scope for future research is also
highlighted. Theoretically, the concept of regime–regime interactions could be further
elaborated to understand more clearly the nature of boundaries and the means by which
they may be crossed.

2. Sociotechnical Transitions and Regime Confluence in the Automotive Industry on
Pathway to a Service-Centric Automobility Industry

2.1. The Automotive SocioTechnical System

A sociotechnical system is often conceived as embedded in three levels: landscape,
sociotechnical regime, and technological novelties or niches, which collectively can be
understood as a long-term stable structure. The structure of the sociotechnical system is
defined by the core or foundational technology (in this case, the car), and by the resultant
industry (in this case the automotive industry), which together from the basis of deeply
embedded social practice (in this case, automobility). The automotive system is one that
can be identified as an individual sociotechnical system as it has these characteristics. The
interconnections in and beyond the automotive industry and automobility are managed
in this paper using the approach pioneered by Vayda [34] in a form of “progressive
contextualization”. Precisely because the core technology of the car, the structure of the
industry, and the social practice of automobility are potentially in profound transition it
is necessary to be “inclusive” in how the sociotechnical system and the transition process
is defined.

The automotive industry has partly been guided by emergent policies from govern-
ments over a hundred years. The resulting automotive sociotechnical system has been
largely stable, showing incremental innovation driven by road safety requirements [35,36],
emissions regulation, and the governance of markets. Vehicle manufacturer have gener-
ally avoided engaging in the provision of service-centric aspects of automobility. Other
regulatory and governance controls emerged over the production systems, capital-labour
relations, state aid, and competitive pressures in the market. The cultural dimensions of
automobility have been expressed and gradually informed by books, movies, fans and
enthusiast clubs, songs and peripherical products, and is demonstrated in museums. Cars
became a representative of a person’s social status. Even more, automobility cultures
around specific car manufacturers emerges as part of the industrial history of a country or
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region [37–39]. Correspondingly, it is highly relevant to daily lives so that the best-selling
models in each country have traditionally symbolized the national character. Rules and
regulations were therefore varied by country. Owing to the specific requirements in each
country, cars were manufactured and adjusted to coincide with local context. This may
drive different niche innovations in particular countries at different times. Institutional-
ization creates economic and social interdependencies that help stabilize the system [40].
Over time, this pattern of “national” industries and cultures has given way to international
structures, driven by economies of scale and the increasing global alignment of regulations.

The automotive industry acts as one of the pillar industries in some countries such as
Germany [41]. The large automotive companies involve the national economy by virtue
of huge revenue incomes, by job creation and the support of companies in the supply
chain and adjacent industries such as insurance. Cars are also a significant contributor to
national environmental performance, especially by their emission contributions [42,43].
The automotive sociotechnical system has expanded dependences around key activities
such as with commuting and travelling behaviours, which in turn reinforce the significance
of the industry and its products [44]. The sociotechnical regime can be expanded from
various perspectives [45,46], particularly niche emergence. Thus, the whole transport
system could be described as a large sociotechnical system [47], or macroscopically an
automobile could also be a small sociotechnical system [40,48].

The automobility sociotechnical system is a “self-reproducing or autopoietic” sys-
tem [49]. In the automobility system, the core product technology is the car, but also the
added value services and functionality of automobility are fundamental to the regime. It is
the transformation from the provision of tangible products to intangible services [50] that
is currently underway for vehicle manufacturers and others in the automotive industry.
Services that are digitalized that could form a new “data-driven culture” [51]. These ser-
vices are added by platforms or agencies, which take advantage of the products made by
car manufacturers, i.e., Uber. Platforms do not own assets but gaining profitability through
their application as intermediaries between those that own cars and those that want to
drive one or be driven to destinations. It can be seen that a mobility services market is a
space that has not been widely exploited, compared with being a traditional car maker
where the market is almost saturated [27,52–54]. Niche automobility service markets thus
could be generated by traditional car makers through existing regimes or self-generated
from the niche level itself, including by new entrants from other sociotechnical regimes.
Niches are not devoid of competitive pressure, though they can sometimes be nurtured
initially in protected spaces (e.g., via favourable government policy).

2.2. Regimes in Sociotechnical Transitions

Regimes have been defined in various ways. They have been categorized in the
Geels model [55] as a broad “social” regime, “political” regime, or “technical regime”.
They can also be defined as more specific or narrow structures such as the “electricity
regime”, “natural gas regime”, or “automobility regime” [4,56]. Regime convergence has
accelerated over time with more interactions and complexity in between previously distinct
regimes [56–58]. The intricacy of the regime surroundings enables sector interaction and
communication not only between regimes but also within regimes. As a result, regime
confluence enables niches innovation, niche emergence, and structural change via new
alliances and networks [8,12]. The regime is supported by many substructures and nodes.
Interactions between regimes can take various forms including: competition, symbiosis
integration, and spill-over [57].

2.3. Regime Confluence

In this paper it is proposed that regime convergence is multidimensional, with implica-
tions both inside regime and on the periphery. The interior elements of regime interactions
may be collaborative and/or competitive, as may the external elements [57]. Through
the collaboration and cooperation of con-joint work, the relations between elements may
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become a network. A network refers to any system that shows the relations among mem-
bers. This is the foundation of working together so that networks are one of the outcomes
from regime confluence and coherence. In a stable sociotechnical regime networks will
largely form inside the regime itself. However, in periods of change “pathways” of transi-
tion [59] may be instigated. It is proposed in this paper therefore that boundary-crossing
regime–regime interactions may be enabled by network formation between companies.

Borrowing the conception of the multiactor network from Geels [6], Figure 1 shows
the possibility of regime confluence and the role of business model innovation around the
CASE concept of networks emerging. There are several regimes that were independent but
are increasingly collaborative under the sociotechnical automotive system in which each
regime defines the characteristics of its inside elements. The fringe of each regime could be
modified regarding the dynamic movement and extension from the inside elements with
other regimes. Therefore, the network relations both interior and exterior may vary over
time. At present, little is understood in terms of the character of the boundary conditions for
different sociotechnical regimes, and how those conditions might influence the transition
process. There may be barriers at the boundaries that either enable or restrict confluence.
Those barriers may be cultural, technical, economic, or regulatory for example. In this
case, regime transition is triggered by the concept of CASE vehicle design, production, and
deployment. Each participant in the new regime potentially contributes new elements that
are drawn initially from the original regimes in question. It is worth remembering that
the newly emergent regime should in time become dynamically stable as the members
and the relations in the regime solidify, and as the general structure is kept from the initial
conception.
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Figure 1. Regime confluence regarding new network emergence.

The research proposition is therefore that regime–regime confluence can be a signifi-
cant source of innovation and sociotechnical transition. An observable phenomenon that
would illustrate this anticipated convergence would be the development of networks and
other corporate relationships (for example via mergers and acquisitions) across traditional
regime boundaries. Section 3 below describes the research methodology to identify and
quantify those trans-boundary relationships, while Section 4 describes the outcomes of the
research.
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3. Research Methodology

In the research for this paper the approach is one of longitudinal immersion in the
research domain, the automotive industry, underpinned by qualitative research meth-
ods [60]. Immersion in this sense involves multiple contact points with the research do-
main alongside iterations of reflexive interrogation. The active research in social contexts,
via conferences, interviews, site visits, trade shows, and many other means, is primarily
undertaken to provide contextual understanding. This discursive immersion process there-
fore entails engagement with policy makers, NGOs, regulators, industry representatives,
lobbying groups, consultants, and other academics to create new knowledge [61,62]. In
turn, the knowledge created informs the identification, selection, and use of the secondary
information sources used in this paper.

Longitudinal immersion is here executed alongside qualitative research because this
over-arching approach is suited to seeking to understand the emergent properties of inno-
vation processes as they are mediated by society and the complexity of relationships within
society [63]. Research into sociotechnical transitions often requires an exploratory, temporal,
perspective to capture emergent social phenomena—for which qualitative research with
document analysis is suited [64–66].

Two broad classes of documents were used in the research. First, the research sought
to identify documents from those engaged in promoting or disputing CASE technologies
for the automotive industry. Rather than seeking the details of the technologies concerned,
our interest was to understand the presentation of the technologies by the proponents and
critics, via press and media statements, position papers, and publicly available reports.
The research does not, therefore, report on the success or otherwise of the relationships
identified. It is entirely possible using these sources that a story turns out to be more
speculation than fact, or that initial hopes failed to materialize. What this approach does
capture, however, is the temporal dynamic of corporate interest in boundary crossing. The
methodology flow shows as Figure 2.

Sites

Conferences, interviews, 
site visits, etc.

Idea emergence

NGOs, policy makers, regulators, 
consultants, academics, etc. 

Identifying issues in automobility industry. 
Narrow down to CASE vehicles 

Identify relations 

Knowledge acquisition 

Press and media statements, 
papers, reports etc.

Secondary resources by 
qualitative methods

New technology development, one-to-
more alliances, joint ventures, other 

associations, etc. 

Data triangulation

Theoretical and empirical  
integration 

Socio-technical 
transitions theory

Figure 2. Research method flow.

This research adopts an unusual methodology is using “real time” news from specialist
media to form the core of the data collection. Research in this manner is an unpredictable,
long-term project. News features have stories that are of short, concise, fresh, and dynamic,
in which it is easy to capture the events and link them to the general framework for the
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study. News stories were obtained from various websites, notably specialist websites such
as Automotive News, BBC News, uk.reuters.com, electrive.com, electrek.co, economist.com,
and IEEE spectrum. The reliability of these news was iteratively investigated by comparing
with other mainstream sources. This process enabled triangulation of the data and thereby
enhanced validity in the findings. Furthermore, hundreds of cases were collected, which
would be impossible when using primary data collection methods. The reinterpretation of
collected secondary data via flexibility gives a subjective meaning to the case and assists in
theorization. There are risks of bias and coverage in these sources, which were primarily
in the English language. It is likely that events in, for example, Japan, India, or China are
somewhat under-represented. Nonetheless, the overall picture remains valid.

The car manufacturers’ relations around autonomous, connected, shared, and electric
vehicles were gathered from July 2009 to July 2019. In this time period, 340 cases were
identified. The types of relationship recorded ranged from one-to-one cooperation in,
e.g., new technology development, one-to-more alliances, equity joint ventures, and other
associations between consortia members. Care was taken to avoid simple “double counting”
of cases, but where an existing case was recorded as having a significant new development.
July 2019 is the time node to end the data collection as (1) a dynamic research, cases could
be added over time endlessly but defined stop point is needed for data calculation and
evaluation to draw the results; (2) ten years’ data is enough to draw a possible conclusion;
and (3) the most important point is that there seems to be a decelerating trend of those
relations from 2019, with the most alliances and cooperative relations established in 2017
and 2018. Thus, as the number of cases declined, we selected the end of July of 2019 as an
ending point. New cases are still going on after July 2019, but they were not included in
the research results. This “wave” of cases is an interesting first finding from the research,
for it suggests that there was a historic moment or period of time when the automotive
industry needed to build bridges with other sectors in order to understand and exploit key
new technologies, and possibly to defend the market space against potential new entrants
or the alliances formed by rival vehicle manufacturers (see [67,68]).

The CASE vehicles were the focal point to collect data and gather relationships. We
started with automotive manufacturers and their partners who initially sought autonomous
vehicle development, and the relations were simply “one to one”, which is a car company
plus another company. However, it was realized as the research progressed that collabo-
rations involved in autonomous vehicle competition and development were not always
centred on by car manufacturers. There were many “outsiders” who also established
relations with other “outsiders”, which did not involve the car makers at all. For example,
Huawei as a telecommunication company also wants to build autonomous vehicles itself.
The original Google autonomous vehicle was designed and built without help from a
vehicle manufacturer. Automotive manufacturers are not mandatory in a partnership to
make an autonomous vehicles, but could rather be a “vehicle supplier” to test and carry
the newest functions. Therefore, the research strategy changed to cover all players who
planned to build CASE vehicles, especially in 2018 and 2019. However, still, the aim was to
focus the analysis on the vehicle manufacturers.

In this study 340 cases were identified, in which in the period 2009–2015 there was
only 15 cases. Detailed data are shown monthly between 2016 and 2019 (July) in Figure 3
as the numbers before 2016 are too small to display in the same chart. Hence, there was a
surge in cases during the period 2016–2019. In 2016 60 new cases were identified, 2017 had
112, 2018 had 100, and 2019 until July had 51. Relationships in the cases are not all newly
formed. As noted above, in some cases there are instances that develop on a previous
relationship. As we see from Figure 3, the cases in these four show a steady cumulative
growth. Every month, at least one new case was facilitated by two companies to enhance
autonomous and other CASE technology.
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Figure 3. Numbers of cases collected per month.

Secondary data gives a general skeleton of how transitions occur and transform under
a context of automobile industry to a service-centric automobility industry. It offers a
timeline of events, the types of company that attempted to participate in CASE vehicles, the
car manufactures involved, the major companies and other parties outside the traditional
automotive industry, and the outcomes to date.

4. Automotive Industry Transformation

4.1. The Contradictions

In the current stage, the automobility industry faces four pairs of contradictions.
The first one is between classic economic growth and the environment. Even though the
electric vehicle revolution addresses aspects of environmental deterioration and may enable
technological innovation to stimulate economic growth, it is still the case that the market
penetration of electric vehicle is far short of sustainability [69–71]. In terms of energy and
carbon emissions it is clear that in virtually all countries the adoption of electric vehicles
displacing traditional petrol or diesel is a positive contribution. However, the displacement
of a global fleet of nearly 1 billion cars will itself generate significant environmental burdens
in recycling and in the consumption of new resources, as noted in the introduction to this
paper. In the longer time period, it is possible that the circular economy will contribute to
resolving this contradiction.

The second dilemma is between the environmental issues and personal requirements.
Vehicles are an integral part in our daily lives. The primary consideration for users to
buy a vehicle therefore is not the environmental impact of its production and use, it is
convenience and safety while achieving mobility. Manufacturers therefore seek to produce
vehicles that reconcile the environmental requirements at the same time delivering as
functionality. Electric vehicles ideally are environmentally friendly, affordable, and safe.
However, to date their higher initial cost and inconvenience in use (e.g., with restricted
range) make electric vehicles less attractive compared with conventional combustion engine
powered vehicles. Government therefore plays a mediating role between the users and
manufacturers to balance the users’ requirements and environmental sacrifice. Growth in
car sharing, possibly constrained by the COVID-19 pandemic, may ameliorate some of this
contradiction, as may other forms of micromobility such as electric bicycles.
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The third contradiction is the emergent business opportunity that conflicts with the
traditional business model in the automotive industry. The traditional business model
is increasingly incompatible with fast-changing technology and customer demands for
differentiation. It is indicative that new entrants such as NIO in China are adopting
innovative battery swap propositions that resolve both rapid charging concerns and the
ability to upgrade battery packs as the technology improves. This third contradiction
pressures the traditional automotive providers to extend their roles to be service value-
added suppliers to capture additional value. The customization of mobility thus is required.
Drivers and passengers tend not to treat the vehicle just as a tool, but may also use vehicles
as a relaxation space to chat and share experiences. For instance, Blablacar aims to create a
relax atmosphere between drivers and sharers, or autonomous vehicles require more space
for passengers and more functions of infotainment [27].

Last, the entry thresholds to be an automaker are lower owing to industry 4.0 smart
digitalization, at least in terms of manufacturing. This results in a new contradiction
between incumbents and new entrants. Many new entrants have been established in recent
years (most famously Tesla) seeking to take advantage of lower barriers to entry. Techno-
logical development and environmental requirements necessitate that traditional vehicle
manufacturers simplify production via common architectures and pay more attention to
vehicle customization and connection. This complex system could not be completed by a
single car company, it requires technologies from other partners. For example, to create
an autonomous vehicle at least needs the support from a car company, a map company, a
navigation company, a sensor company, and an information and communication company.
The most important point is that the core of an autonomous vehicle is not the “vehicle” but
its “autonomous” characteristics. The vehicle can be simplified to an electricity-powered
system, but automation or sharing is far more complex. Therefore, companies in the CASE
transition have an opportunity to step into the automotive industry and even to be an
“automaker”. The threshold of being an automaker is not as high as it used to be, but the
competitiveness among all players is more severe.

4.2. Competition Inside the Regime

In principle, there should be a relationship between changes at the level of the so-
ciotechnical system, and changes at the level of the constituent elements including the
regime [72]. Incumbents can be important as sources of change; just as new entrants can
be. Equally, incumbents may need to react to external (landscape) pressures and changes
going on around them within and outside their sociotechnical system. That is, vehicle
manufacturers will face the “normal” pressures of competition and market change within
the automotive sociotechnical system. These normal pressures are significant because they
act to restrict profitability in vehicle manufacturing and thereby give impetus to collabo-
rative restructuring via mergers and acquisitions (M&A), to constant efforts to increase
productivity of capital and labour, and to the quest to expand markets in line with low-cost
manufacturing locations.

The demand for new cars was strong and is still likely to be strong in future years.
Sociotechnical transitions take decades to unfold across geographic, social, and economic
space, so the traditional sale of cars as the main source of revenue may be expected
to endure. In the years 2010–2018, an average of 70.6 million cars were sold globally.
It is predicted that the global market may slightly reduce even in the period after the
pandemic, but the basic demand of vehicles is expected to remain strong [73]. The big
car manufacturers who dominate the whole industry as of 2019 were Volkswagen (12.2%
global market share), Toyota (11.4%), and the Renault–Nissan alliance (10.9%). Among
them these groups took overall around 35% market share of the light vehicle market [74].
The automotive industry is very competitive. General Motors was the world leader before
2010, however, Toyota took the position in 2020 from VW, and is the current market leader
globally. Consolidation, such as the creation of Stellantis out of the merger of Fiat–Chrysler
with PSA, is expected to continue inside the regime.
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Europe is the biggest car exporting region, accounting for around half of total global
exports. Car export values in the European Union increased from $126 billion in 1995
to $408 billion in 2018 [75]. The EU is followed by North America and Asia, which each
account for just less than a quarter of total global exports. Although the general pattern
for each area is not much changed (in 1996 and 2017 respectively), the picture is more
fragmented with more countries involved in the 20 years to 2020. Germany accounts for
the single country share of exports with around 20% of in the world total, while Japan is
the second largest car export country with 16.88% in 1996 and down to 13.71% in 2017.
The third country was Canada in 1996, which took over 10% while in 2017, four countries
were shared the third place with around the same figure ranged 5–6% [75]. These locations
thus become areas of vested interest in both the continuation of traditional automotive
industry practice, but also in participation in the emergent transition to the newer practices
embodied in CASE vehicles.

It is worth noticing that in 2019, the Renault–Nissan alliance took the third place [75].
The configuration of the alliance gave higher opportunities for market penetration across
countries and cultures. It helps both manufacturers to understand the reciprocal markets
to permeate quicker, also helps to share the data and technology to reduce the unit costs.
However, the crisis with Ghosn also exposed the risks of such alliance structures. Other
alliances attempts such as that between of FCA and PSA [76] show different risks, in this
case with regulators concerned about a potential EU monopoly position on light vans,
although the alliance eventually gained permission. The traditional M&A has long been
viewed as a method that allows a company to grow faster and stronger in a short time,
but it is difficult to achieve all the synergies hoped for. This is a trend among big car
companies, which are willing to extend their businesses in a short period such as Daimler
acquired the car sharing platforms [77]. These acquisitions and mergers make company
internationally involved by which the companies could fulfil the local market requirements
with lower risk.

The new emergent alliances and acquisitions are international, often driven by devel-
oping countries, e.g., China and India. The similarity between these two countries is both
demographic and economic. The potential large user market and capital investment give
impetus to acquisition strategies. The typical examples are the Tata acquisition of JLR and
Geely of Volvo. Over 20% of Volvo sales are in Sweden, and EU is the largest sales region
for Volvo, followed by China and the US [78,79]. The successful penetration by Volvo in
the Chinese market may partially be due to Geely acquiring Volvo.

However, the automotive industry is not a “global” industry, it is still world regional
in character. Toyota is one of the top selling companies, with 24.8% market shares in Japan
while 30.6% in North America and 18.8% in Asia [80]. Toyota is mostly produced in Japan
and sold domestically but with a very small market share in the EU. Even within China,
a local car company has many challenges to overcome (e.g., with policy barriers) when
selling its products in another province, especially when they have local brands.

4.3. The New Challenges to the Traditional Automobility Industry

However, automotive manufacturers also face the “abnormal” challenges in transition-
ing to automobility from two sources. First, the fundamental innovative technologies call
for the tremendous transformation of traditional automakers to develop new capabilities.
To achieve this new form of automobility requires conventional automakers both strategi-
cally and practically to embrace these competencies. Second, the automobility transition
involves many new entrants, which may compete against with traditional car makers, often
with innovative business models and customer propositions that are not easily replicated.

When exploiting Industry 4.0, automotive manufacturers may try to turn their role
from product providers to service suppliers, which require them to challenge and compete
in areas where they never extended previously. In these areas, automotive manufacturers
are not necessarily the dominant entities, they may be participants who play an auxiliary
role. When a vehicle becomes a service tool, the feeling of involvement may be more
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important than the driving experience. To maximize the efficiency and pleasure of the
experience, intelligent mapping, and navigation are essential and the extension of connec-
tion from phone-to-vehicle to vehicle-to-everything is inevitable. Be smart, be intelligent,
and be selective are the central principles for a service tool. This is the new challenge to
automotive industry to compete with the “native players” who are “native” in this area
such as Ericsson and Bosch.

However, the autonomous vehicle contributes a unique and new arena to all potential
market participants. To build this product is a challenge for all players because none of
them have made it before and none of them could complete such a project exclusively.
However, this race to bring a product to the market is unpredictable, and expensive. It
was declared by the CEO of Transit, Sam Vermette: “New modes of mobility are entering
the market at record speeds. It took decades for car-sharing to catch on. Now, e-bikes and
scooters are being rolled out in weeks” [81].

The innovative niche market is even broader. E-scooters are easy, portable, and can be
shared. In some degree, e-scooters are an extension of electric vehicles because they share
similar networks to gain the user adoption [82]. It is the same principle for the electric bike
niche market. Additionally, many alternatives to pure petrol or diesel cars are available
or could be commercialized in the markets very soon. Toyota, for example, has deployed
roof-mounted solar cells mixed with other power functions to extend the vehicle range and
be totally clean without worry under any weather conditions [83].

Traditional car manufacturers tried to develop autonomous vehicles independently,
but had to acknowledge that an autonomous vehicle is not merely another type of car, it
requires higher coordination and cooperation with varied parties [84]. As BMW finally
admitted, they need help from outsiders rather than to take all techniques and integrate
in one [85]. Therefore, a successful transition is required for traditional carmakers. For
example Toyota invested $500 m in Uber’s driverless taxi program [86].

However, many respects the negative externalities of automobility are not new, they
are just more intense than previously. They include (1) carbon emissions, decarbonization,
and climate change, (2) road traffic deaths and injuries, (3) air quality, (4) noise, urbaniza-
tion, and stress, (5) congestion and the environmental burdens of infrastructure, (6) the
geopolitics of petroleum supply and demand, and (7) inevitable resource consumption.

From Table 1, we can see that the trajectory of CASE seems path dependent, it is some-
what coherent and will create further lock-in tendencies. None of the elements individually
could fulfil all the requirements and tackle all the issues. Therefore, CASE in its idealized
form is a comprehensive package to address concerns and derive maximum advantage
from each element. In the automobility sociotechnical system, the automotive industry is
the one still to play the essential role at the heart of integrating CASE technologies.

Under multipurpose actions (i.e., political, geographical, market, and environmental),
CASE dissolves the boundaries between conventional automotive industry and many
other industries, and meanwhile enables multilayer wider network crossing-bounded
reintegration.

Table 1. Issues and benefits from CASE vehicles.

Connectivity Autonomous Shared Electric

Carbon emissions
Fewer stop and starts

could decrease emissions

Effective vehicle usage, on
average decrease the

emissions

Should be lower if more
trips are shared

Yes, lower or zero if
renewable electricity

sources used

Road deaths and injuries Yes, should be fewer

Yes, properly executed
and designed autonomous

vehicles should reduce
crashes

Fewer if fewer vehicles are
on the road and average

distances reduced

No direct impact. May
increase crashes due to
low noise in operation

Air quality Indirectly improved
Yes, vehicle efficient usage
could improve air quality

Yes, if on-road numbers of
vehicles are reduced

Yes, as they are zero
emissions at point of use
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Table 1. Cont.

Connectivity Autonomous Shared Electric

Noise Some marginal benefits Some marginal benefits
Yes, if on-road numbers of

vehicles are reduced

Lower noise overall,
especially at low speed.

Mandated noise in many
urban settings

Urbanization
Could be more, expanded

to rural areas

More difficult to achieve
in a complex urban

environment

Often deployed in urban
areas to release parking

spaces

Currently mainly urban
usage due to range anxiety

Congestion

Reduces the stress of
congested traffic on

drivers and occupants.
Smart traffic

managements may reduce
congestion

Reduces the stress of
congested traffic on divers

and occupants

Should reduce congestion
in urban areas

No direct influence on
congestion

Environmental burdens of
infrastructure

Yes, needs more
communications

infrastructure, e.g., 5G
networks

Yes, needs even more
No significant added

burden

Yes, charging stations
required. Old fuel stations

need to be
decommissioned

Geo-politics of fuel and
materials supply and

demand
No direct significant issue. No direct significant issues No direct significant issues

Independence from
geo-politics of petroleum,
new dependencies on e.g.,

rare earth; cobalt

Resource consumption
Yes, rare metals inside of
sensors and other parts,

and infrastructure

Yes, rare metals inside of
sensors and other parts

No direct significant issues
Yes, a large amount of

copper, lithium and other
materials required

4.4. The Dissolution of Industry Boundaries

The terminology of “industry” clearly draws a boundary for products and companies
to identify which categories they belong to. Each industry has norms to evaluate the
performance for all participants if they fulfil the requirements. The industry is constructed
as a stable structure with dominant core players and auxiliary participants. The position of
each element within an industry is varied by the definition of this industry. The automotive
industry, for instance, is an automaker-dominated field, in which parts suppliers are
playing a supplementary role.

The transition gives an opportunity to those new entrants, which own applicable
technologies, capabilities, or concepts to invade into the current automotive system, to
substitute and even to subvert the stable but dynamic whole. In terms of such a new
transformation from the automotive (product) industry to automobility (service) industry,
it is not yet entirely evident where the boundaries of the new sociotechnical regime will be
formed, and which companies will come to dominate the regime. The outcomes will be
contested and emerge as a product of the actions from companies, governments, consumes,
regulators, and others. The service platforms offer another capability of automobility while
car makers could be more than a product provider. It is the same for the technologically in-
tensive sectors in which “tech-giants” could provide higher performance service attributes
for vehicle. Therefore, the individual vehicle is not necessarily the focal point in CASE
technology. The thresholds of being an automobility manufacturer therefore are lower for
information technology giants and service providers. Successful entry to this emergent
market is not guaranteed. For instance, the UK appliance manufacturer Dyson announced
a plan to build electric vehicles, while later they abandoned their plan to enter the EV
segments [87]. Again, this suggests that outcomes are not readily predictable.

However, for either service-supplier, innovative technology creator, or traditional
car makers, this emergent automobility arena could be said to be “new” to all players.
In other words, the thresholds are the same for all players as each of them holds part of
the capabilities needed to succeed. Of course, each player comes with a distinct set of
assets and competences that may enable or restrict their ability to participate in the future
automobility.
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To create new portfolios, traditional vehicle manufacturing will face two-extreme
tensions between the standard competitiveness. They may be vertically and horizontally
integrated to those that used to be suppliers to diversify the supplementary range to
irrelevant domains. The areas may extend to where they have never been or deepen to a
field they may never have thought to enter, competitors or those that used to be opposite to
this domain. “Collaboration-integration” is a strategy described by Pinkse [24]. However
companies may lack an understanding of how to achieve this balance. New synergies in
the new portfolios therefore are required [67]. The autonomous vehicles contribute as a
bridge to switch automotive (product) to automobility (service) with the combination of
electric, connected, and shared features to gradually dissolve industry boundaries.

Figure 4 from a diagrammatic view demonstrates cross-boundary relations over ten
years for autonomous vehicles. Figure 4 did not include cross-boundary relationships for
autonomous vehicles as such. Automotive companies with more cross-boundary relation-
ships formed are revealed to be more central in the diagram, and in larger font. Some
non-automotive companies also emerge as significant in this diagram, for Didichuxing, the
biggest Chinese car sharing platform, NVIDIA the sensors supplier company, and Ericson
the international telecoms company. Again, apart from the vehicle manufacturers, there
are also several relations around CASE but without any car manufacture participating.

Figure 4. Automobility network to build an autonomous vehicle.

Boundary dissolution seems to inspire the latent possibility for new cooperation
relationships and to extend the existing cooperation circles. From a vehicle functionality
perspective, the car is thereby designed to maximize the service potential while improving
the driving experience. The immergence of this network is a process of complexity for
both users and industry participants [88]. The network portrayed here is coevolutionary
with the process of industry boundary dissolution. Without boundaries, networks become
bigger and wider, more powerful and influential. The network here has changed from a
dot-to-dot network to network-to-network, it is thereby a mechanism to transfer from the
original regime to a newly generated regime.
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4.5. CASE Accumulated the Network Transformation from the Automotive (Product) Industry to
the Automobility (Service) Industry

The automobile industry has been systematically changed to consecutively adapt the
innovative knowledge and incorporate it. Establishing alliances and sharing knowledge
help traditional car makers improve their current states. Alliances are more possibly
successful if they have absorptive ability and capability to accept new knowledge [44].
Since the boundaries have been broken and collaborative relations have accumulated,
wider networks are gradually reintegrated to reconcile with the contextual conditions
changing.

The automobility (service) industry has developed from a single organization-controlled
supply chain to a multitier network, the system is dynamically stable but more complex
due to the multipartnering change [89,90]. Not only is the manner of network integration
changing, the goals of partnership are also varied compared with mass-market standardiza-
tion because of tailored personalization. Alliances are transferring from production-based
to service-oriented business strategy after 2000 and until now increased revenues are gen-
erated by value-added services. Physical products are measured by quality, and service
can be measured by customer valuable feedback [50].

The traditional automotive industry, at least on the concept level, is in an advantageous
position to combine CASE vehicles. The reasons include: (1) the four concepts are emerging
roughly at the same time, around 2007–2009, (2) the automotive enterprises are capable
of conjoining CASE in a one vehicle, and (3) they are cars. Transitions in traditional
industry have challenged the concepts from “automobile” to “automobility” to “mobility
as a service”. The pattern thus is from “inclusive wider ICT companies” to “exclusive all
possibilities” to embrace service platforms through mergers and acquisitions.

The network complexity in the automotive industry refers not just to the relationship
network erection between spare parts suppliers, ICT companies, and automakers but also
the service value network emerging between consumers and products. Further, as the
additional proportion of participants are ICTs rather automakers, it results in the network
inclination gradually towards to ICT based service value network [52].

5. Conclusions

Competition within an industry is often evidenced by technological or organizational
innovation, and endeavours to show cost leadership or brand differentiation. However,
sometimes an industry faces such a profound period of change that it is transformed. This
transformation is understood to occur in conditions where the industry is at the heart of
a sociotechnical system, forming a sociotechnical regime, where the system as a whole is
undergoing transition.

The causes or impetus for sociotechnical transition may come from niche innovations
that expand to displace an existing regime. This paper, however, demonstrates that tran-
sition can occur when a regime starts to impinge upon one or more previously distinct
regimes. At the interface between or across regimes, the transition process is manifested by
(among other things) intercorporate relationships being formed in order to bring together
diverse capabilities and capacities as needed. The paper has used the CASE concept as a
proxy for the requirement for boundary crossing. The analysis in this sense is centred on
the existing automotive industry. Alternatively, if the research were focused on another
domain such as “information and communication” then a related but different story could
be told about how that particular sociotechnical regime is also crossing previously distinct
boundaries including the automotive regime.

In consequence, the future energy consumption and emissions performance of the
supply of automobility is no longer a matter simply of engine design and under the
control of the automotive industry and its liquid fuel suppliers. The transition underway
in the automotive regime is, as we have demonstrated here, taking the industry into
engagement with a wide range of partnerships, which have the potential to influence
energy consumption, energy carriers, and emissions.
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The outcome of these processes is not a foregone conclusion. This paper provided
evidence of multiple partnerships being formed across regime boundaries, but has not
sought to analyse whether or not those partnerships have been or will be successful. Further
research is needed to establish the reasons for success or failure in the creation of new
regimes out of this confluence process, and indeed the constituent character of the newly
emerged regime once it achieves a degree of stability.

Further research is also needed on the nature of the boundaries. It is not clear yet
how “permeable” regime boundaries are, as this is partly at least an empirical question.
More clarity in the theorization of different boundary conditions could be a fruitful area of
enquiry, including development of a perspective on how boundary conditions might be
changed.
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