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Abstract

In this study, we seek to understand the interplay

between industry and policy, to explain how and why

the UK shifted from the promotion of low‐emission

road transportation, to policy based on zero tailpipe‐
emission electric vehicles (EVs), as part of its evolving

net zero ambitions. For this, we unify the Multi‐Level
Perspective, Multiple Streams Framework, and Multi‐
Level Governance into a synthetic model—the Multi‐
Level Governance and Strategy model. Within this, we

identify distinct windows of opportunity (WoO) that

relate to each of the technology, policy, and market

factors that needed to come together to put the UK

automotive industry on a specific trajectory. Utilizing

(pragmatist) grounded theory to analyze our extensive

interview and documentary data, we find that this

trajectory resulted from the interplay of technology

innovators and policy entrepreneurs in different WoO,

to achieve the ultimate goal of a functioning market

for EVs.
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1 | INTRODUCTION

In recent years, the UK government has sought to promote the decarbonization of road
transport, as a major source of the country's greenhouse gas (GHG) emissions. In the context of
private personal mobility a major focus was, first, on promoting low emissions vehicles. Over
the period 2016–2020, however, the Government released five decarbonization strategy
documents that shifted the focus from “low” emissions vehicles to “zero” emissions vehicles
(ZEV), cars with zero tailpipe emissions. Alongside the technical and policy dimensions
embedded in this shift, the economic ambition was to create a significant, self‐sustaining
market in such vehicles. In this research, we seek to analyze the dynamic interplay between
stakeholders involved in the multiple industries that enabled electric vehicles (EVs) as zero
emission vehicles, with particular focus paid to the actors who engaged with and enabled the
policymakers to shift their focus, all the while working to establish a market for EVs.

Different aspects of this shift have been explored, utilizing different theoretical frameworks
that reflect, in particular, technical and policy dimensions, but also recognizing that the human
dimension and consumer acceptance are a sine qua non for a successful sustainability
transition. One group of studies exploring this draw on socio‐technical transitions (STT)
frameworks, notably the Multi‐Level Perspective (MLP), for example, Mazur et al. (2015),
Figenbaum (2017), Hussaini and Scholz (2017), Geels (2018), and Skeete (2019). The MLP
framework emphasizes the importance of radical innovations in the STT process, while
recognizing the complexity of the interaction between technological and social factors, and also
economic and political factors.

Another group of scholars has focused more on the policy agenda‐setting dimension of the
transition, drawing in particular on the Multiple Streams Framework (MSF). This is adept at
handling ambiguity and uncertainty in policy processes, considering how three streams—
problems, policies, and politics—can interact over time. Only at certain points of alignment—
windows of opportunity—is an issue recognized as a problem, for which a policy solution is
promoted, and where the political climate is conducive to the problem and policy solution
entering the political agenda (Kingdon, 1984). This is driven by a process of policy
entrepreneurship, which emphasizes the central role of agency and individuals in policy
change through the coupling of the three streams—although it is important to distinguish
between the process and those individuals who drive it (Ackrill & Kay, 2011).

A further dimension of policymaking is captured by the concept of Multi‐Level Governance
(MLG) developed by Marks (1992) and Hooghe (1996). The sustainability transition seeks to
address a systemic global challenge, but policy action, technical responses, and social impacts
can vary across multiple levels—from the global, through the regional, to the national and
local. The concept of MLG can help in studying sustainability transitions as it allows scholars to
explore the impact of institutional structures at different levels of governance and capture both
the agency of societal actors and state actors (Ehnert et al., 2018).

Drawing these ideas together the MLP can also accommodate policy dimensions, while the
MSF has been extended to include a technological stream, while both can be extended through
the incorporation of MLG. As discussed in detail in the following sections, however, there are
limitations to analyzing the sustainability transition when utilizing just one of these
frameworks. This problem is compounded in the current research, given the unprecedently
detailed data collected and analyzed. To overcome these theoretical limitations, in this research
we develop a synthetic model which we call the Multi‐Level Governance and Strategy (MLGS)
model. The collective utility of considering these lenses jointly can provide a more nuanced
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understanding of complex phenomena (Van der Heijden, 2013) given the data, the challenges
of developing and applying synthetic theories notwithstanding (Cairney, 2013). The benefits of
such a model are discussed in Section 2.

A further rationale for synthesizing the theories in this research is rooted in the research
method employed. The research reported below utilized pragmatist grounded theory (GT),
where some of the concepts were included deductively, but then confirmed and further refined
inductively. The model grounded in the data thus reflects the complexity of decision‐making
processes used by key stakeholders during the sustainability transition to EVs in the UK. It is
capable of explaining the dynamic and two‐way linkages between technology and policy
agenda‐setting processes, particularly in relation to technology‐centric issues, such as the
decarbonization of transport, where the delivery of policy goals across multiple levels requires
successful technological innovation and implementation, while recognizing its social context.

Within the MLGS, reflecting the design features of both the MLP and MSF, windows of
opportunity are central. In the MLP literature, they are associated with the process of
transitioning innovations from the technological niche level to the socio‐technical regime level,
which ultimately can lead to the establishment of a new ST regime (Geels, 2002). The MSF
literature, as noted, sees WoO as determining the timing of agenda setting activity—which we
refer to below as a policy window (pWoO). The MLGS adopts windows as key building blocks,
but also incorporates other types of windows: technological windows of opportunity (tWoO),
and market windows of opportunity (mWoO). Together, tWoO, pWoO, and mWoO allow us to
break down the transition process in stages, highlighting the sequential, interactive relationship
between technology and policy. This allows us to identify the key stakeholders, clarify the
multiple activities undertaken by them, and define policy entrepreneurship as a set of activities
in the transition process.

In what follows, the key stakeholders are shown to act as technology innovators (TIs),
policy entrepreneurs (PE), and policymakers. Analyzing stakeholders' roles through GT also led
us to identify an additional set of stakeholders' activities—problem brokers. The interplay
between key stakeholders performing multiple activities, along with the resulting outcomes, in
different types of WoO, underlies the dynamic interactive relationship between technology and
agenda‐setting. This is fundamental to a sustainability transition process that, ultimately,
creates a sustainable and fully functioning market for EVs. It also shows the benefit of the
synthetic MLGS model over any one pre‐existing framework in analyzing this transition.

Given the significance of the “windows of opportunity” concept and the key stakeholders
associated with it, this study aims to address the following research question: How can we
advance the concept of windows of opportunity to explore the dynamics of the sustainability
transition? In the rest of the paper, as we seek to answer this question, we start with a
discussion of the literature that allows us to develop our MLGS model. We then reflect on the
methodological approach adopted, which provides information on the particular data collection
and data analysis methods used. Section 4 explores in detail the primary and secondary data
underpinning our chosen concepts, justifying their inclusion in the analysis. Section 4 also
presents a visual representation of the MLGS model. In Section 5, consistent with the GT
approach, we compare the findings of the research with the existing literature, in particular
that involving the MSF and MLP. Here, we bring together the concepts of multiple WoO, PE,
problem brokers, and TIs, as well as the linkages between the policy, the technology and,
ultimately, the creation of a self‐sustaining market for EVs in the UK. From this, we are able to
answer our research question. Section 6 concludes.
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2 | THEORETICAL REFLECTIONS

The global energy transition to net zero requires systemic thinking, to identify the required
policy goals and instruments to deliver on them while also seeking technological innovation to
enable those goals to be met. In the relevant literature, there are a number of frameworks that
offer insights into these processes. In the present research, however, we argue that while some
of them appear at first sight to offer the breadth to accommodate and integrate both policy and
technology, they offer only a relatively superficial consideration of key aspects of the
sustainability transition. These limitations also constrain the scope of the analysis of the data
collected, discussed in Section 3. First, we explain the choices made regarding the different
frameworks introduced above, focusing in particular on what the MSF adds to the
understanding of policy in the MLP, and what the MLP adds to the understanding of
technology beyond what is possible within the MSF. While each of these can incorporate issues
of multilevel governance, bringing that concept into our synthetic model strengthens that
dimension of the analysis given the nested actions required, of policymakers and of multiple
relevant industries, in the sustainability transition.

The MLP has become “the central pillar” of analysis of STTs (Geels, 2019, p. 187). This literature
analyses changes not only in technology, but also changes in other ST configurations such as
regulation, policies, industrial networks, infrastructure, markets, user practices, and symbolic
meaning or culture (Geels, 2002). Of these, the present paper focuses on technology, regulations,
policies, infrastructure, and automotive industry markets, but does not address explicitly the cultural
and behavioral elements of the ST regime mentioned by Geels (2004). Within the MLGS, the shift of
EV technology from the niche level to the incumbent level is associated with a shift of EVs from a
niche market to a sustainable and competitive mainstream market. The cultural and behavioral
dimensions are thus reflected indirectly, via buyers' EV purchasing decisions that enable the EV
market to attain critical mass. Based on the above, the MLP offers an extensive and flexible
accommodation of multiple factors required in analyses of the sustainability transition—although
tractability means accommodating some elements of the MLP only implicitly.

Equally, the MSF incorporates multiple elements into its exploration of the early stages of
the policy process, notably agenda setting (Kingdon, 1984). This occurs through the interaction
of three principal streams, coupled by PE in WoO (Zahariadis, 2014), as described above.
Recently, it has been extended to include a technology stream (Goyal et al., 2019). With the
present paper focusing on the dynamic interplay between policy and technology in the energy
transition, this raises the issue of whether we can simply incorporate policy into the MLP, or
incorporate technology into the MSF. We argue that the complexity of the sustainability
transition in general, but especially the level of detail in our analysis of the transition from low
to zero emissions vehicles, warrants the use of a synthetic model that exploits their key
complementarities. This enables a more robust analysis of both STTs and the evolution of
policy, rather than risking concept‐stretching, by drawing on just one. It also allows for a
clearer incorporation into the analysis of the idea that stakeholders can take on different roles
(TI, PE, problem broker, etc.) at different points in the process, in different theoretical locations
within the model—as illustrated later.

Just as the MSF is uniquely well‐placed to address issues of ambiguity in policy processes, so
the language of niche, incumbent, and governance levels in the MLP are ambiguous in their
meanings: when, for example, does a technology cease to be niche and become the incumbent?
Following (Cairney, 2013, pp. 2–3), we argue that both frameworks are consistent with the
constructivist ontology underpinning the present research. This is also consistent with the
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processes of (pragmatist) GT used in the development of the MLGS model, giving a common
epistemological foundation. Cairney (op cit) identifies three approaches to combining theories—
synthesis, complementary, and contradictory. The MLGS model is, as noted above, synthetic in its
design, although this is facilitated by the complementary nature of key elements of the MLP and
MSF, notably WoO (inter alia, Kern & Rogge, 2018).

The MLGS then applies these ideas in distinct, but mutually reinforcing, ways. Considering first
the MLP, it refers to WoO enabling niche technologies to shift from the niche level to the incumbent
(or regime) level and thus become a mainstream technology. Interestingly in the current context, the
founder of the MLP has applied it to the automotive industry in both the UK (Geels, 2018) and the
USA (Geels, 2005). In these analyses, WoO open through (1) the emergence of new technologies at
the technological niche level; (2) the existence of a problem at the regime level; (3) the emergence of
new policies, or changes in consumer preferences, changes in the economy, demographics at the
landscape level which put pressure on the regime level; (4) decreasing resistance of incumbent actors
at the regime level to the technology at the niche level, which enables niche technologies to break
through into the regime level (Geels, 2005).

That said, the MLP literature discussing the process of EV transitions in the UK is not clear
on when the window of opportunity within the MLP context was opened for EVs and what the
role of the policy agenda was in this process. Furthermore, the STT to EVs, involves not one
but three distinct industries: the automotive industry, but also the energy supply industry
(to deliver electricity generated from renewable sources) and the energy storge industry
(to deliver the batteries required for EVs).

Turning to the MSF, the standard three‐stream version focuses in particular on policy
agenda setting, although solutions to a problem in the problem stream can take not only the
form of policies but also technologies, or other means of addressing the problem (Lipson, 2007).
The MSF has been extended to include a technology stream (e.g., Goyal & Howlett, 2018; Goyal
et al., 2019, 2021). The technology stream depicts “the context and activities that contribute to
technology innovation, such as research, prototype development, patenting and licensing, the
establishment of a business venture, market creation, and technology transfer” (Goyal
et al., 2021, p. 1022). Therefore, just as the original three streams focus on the early stages of the
policy process, so the main activity undertaken by “technology innovators” in the technology
stream is research and development (Goyal et al., 2019). TIs can also protect, nurture, and
empower innovations (Raven et al., 2016) by shaping policy and regulatory developments.
Thus, TIs are responsible for linking the technology narrative with the sociopolitical agenda
(Smith & Raven, 2012). Policies can drive innovations which, in turn, can lead to an increasing
number of policy activities (Goyal et al., 2021). Thus, the authors recognize the two‐way
linkages between the policy agenda and technology development, but only hint at how
individuals can take on multiple roles in the transition.

Notably, the MSF does not operate with the concepts of niche and regime level technology;
and does not provide tools for analyzing the shift of technology from one ST level to another.
Further, the present case highlights a particular feature of the systemic nature of the
sustainability transition—that of multiple industries being involved. If zero‐emission vehicles
are to play a significant role in decarbonization efforts, then parallel technological shifts are
needed in energy generation and storage. One area where the MSF can complement MLP
research, therefore, is that the former provides information on the agenda‐setting process
within the STT, as well as the actors and their agency within a window of opportunity related to
technology‐related policy specifically—that which we call a tWoO.

ARSLANGULOV and ACKRILL | 5
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From this, we argue that trying to use just one of the MLP and MSF, and the concept‐
stretching that would thus be required, justifies the development of a synthetic model—a
conclusion that is reinforced by the level of detail that the data acquired for analysis has
provided. We are able to explore the temporal interplay between technology and policy, where
there is no a priori basis for assuming that technology either leads or lags policy. Moreover, as a
result, we can see that there is likely to be back and forth between stakeholders in the context of
the sustainability transition. Policymakers may need to look beyond current technologies as
they scan the horizon to define long‐term policy goals; while TIs have practical and commercial
interests that they may seek to protect by lobbying for certain types of policy, a certain pace of
policy change, and so forth. Moreover, given the timescale of the shift to net zero in general,
and a predominance of EVs in particular, this interaction will not simply be a one‐shot game,
but will be iterative as each tries to move forwards promoting their own interests, while
recognizing the strategic interactions at play between them.

Another extremely important dimension to this interaction between stakeholders is, as
noted, that different individuals can take on different roles at different points in time, in
different locations within the MLGS model. One example of such an actor in the extant
literature is the CEO of EV infrastructure company Better Place, who has been involved in
promoting EVs in Israel through collaborations with bureaucrats, politicians, and lobbyists
(Cohen & Naor, 2013). In this case, the EV was presented as a technological solution to the
problem of reducing the oil dependence of the country (Cohen & Naor, 2017). The CEO of
Better Place worked as a TI while developing battery‐swapping stations and integrating battery
technologies with powertrains; then as a PE when presenting a new policy for electric
transportation to the government within a pWoO (Cohen & Naor, 2013).

In sum, therefore, within the technology stream literature, the role of technology in WoO
still requires further clarification. Moreover, in the case of sustainability transitions, there can
be multiple technological solutions, and they may be interrelated—especially when, as in the
present case, more than one industry is active in delivering the technological solution (EVs), as
a key means of decarbonizing road transport. With multiple innovations potentially influencing
the policy agenda process, whether or how each of them should be included in the technology
stream needs to be carefully parsed.

To clarify this, the MLGS adapts the elements of ST regimes used in the MLP
literature. In this way, the technology streams are not considered only as the activities
contributing to technology innovations. Rather, they broadly encompass the evolution of
technologies contributing to the revenue streams of the TIs' enterprises operating in the
different types of markets—niche market or mass market; and different levels of the ST
system—technological niche or incumbent levels—respectively. This broader
conceptualization—of (multiple) technology streams—allows us to trace the shift of
technologies from the niche level to the incumbent level and the two‐way impact of this
shift with policy agenda setting. Furthermore, it can help to link multiple industries into
one system. The MLP literature uses the term “trajectory” to explain the changes in niche‐
innovations and landscape levels (Geels, 2018) and the emergence of the trajectory of
electric mobility (Dijk et al., 2013). Turnheim et al. (2015) discussed the dynamics of the
regime trajectories, while Yolles and Fink (2013) and Cooke (2018) use this term to
explain historical development in the industry of interest. Drawing upon the concept of
“technology streams,” we utilize the concept of “industry trajectories.”

6 | ARSLANGULOV and ACKRILL
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3 | METHODOLOGY

GT provides a systematic approach to constructing conceptually dense theory using qualitative
data (Denzin, 1994; Timonen et al., 2018). Canonical GT (Glaser & Strauss, 1967) suggests
entering the research process without any preconception of the phenomenon under
investigation, nor using the concepts from established theories. Later interpretations of GT
are more flexible in this regard, notably pragmatist GT. We adopt this version of GT, given that
“innovative insights arise precisely from someone seeing things differently, based on a different
set of preconceptions, and not because they have no preconceptions” (Bryant, 2017, p. 150). In
order for the theory to be practically useful for industry practitioners and academics, we strive
not to substitute well‐known concepts with new ones. Rather, a novel view of the phenomenon
is represented using familiar terminology, where possible. Thus, preconceptions and pre‐
established theory play important roles in this study.

In applying pragmatist GT, we employ abductive reasoning, where we try to find the most
plausible explanation for the observed data and phenomenon (Charmaz, 2006). Aligned with
the pragmatist approach, the initial theory was scrutinized against the literature to refine it and
enhance its explanatory power, leading to the final version presented herein. In the final stage
of theory development and application, the theory was validated by the participants (Corbin &
Strauss, 2015) by follow‐up communication.

Data collection consisted of multiple interviews with stakeholders, combined with and
triangulated against archival data obtained via a Freedom of Information request, undertaken
over the period 2018–2021. Interview data consisted of 30 semistructured elite interviews and
18 comments. The semistructured interviews lasted about 45 min and included five questions
and typically three follow‐up questions; the comments focused on one or two specific questions
with an average duration of 5–10min. The comments were provided mostly during the industry
networking events listed in Appendix S1, but two arose from Email communications.

The initial sample of potential interviewees was selected using purposive sampling, focusing
on individuals knowledgeable about the decision‐making processes underlying the UK
government's Industrial Strategy (HM Government, 2017). This was complemented by
snowball sampling. The coding of the initial interviews provided the basis for the second
round of sampling—theoretical sampling (Charmaz, 2014) aimed at individuals who could
clarify properties and dimensions of the theoretical codes derived from the initial and follow‐up
interviews. This approach is key for building GT and is used in all interpretations of GT for the
purpose of conceptual development (Bryant, 2017). Data analysis was carried out in parallel
with data collection, with each new interview being used to clarify issues that arose during the
analysis of data collected in the previous interview.

The majority of participants were involved in Low Carbon Vehicle Partnership (LowCVP)
meetings, with six participants being active members of the Electric Vehicle Energy Taskforce
(EVET) convened by LowCVP. LowCVP, now known as the ZEMO (zero‐emissions mobility)
Partnership, a name‐change itself reflecting the shift in the government's policy focus, is the
main organization in the UK automotive industry bringing together carmakers, energy
companies, academics, and other stakeholders to make proposals to the government to
accelerate sustainability transitions in the UK in the sphere of low, and now zero, emission
vehicles. Appendix S2 provides information about the participants, within the limits permitted
by research ethics considerations. Ten interviews were conducted in the pilot stage, 20 in the
main stage, with 18 individuals providing comments.

ARSLANGULOV and ACKRILL | 7
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The archive data requested via a Freedom of Information Request related to the EVET
steering group meetings, to deepen our understanding of the information presented in the
interviews. This enabled us to identify the specific roles of individuals during the transition in
focus from low‐to‐zero emissions vehicles, and locate these details within the MLGS model.
The archival data included minutes, presentations, and reports from the 15 EVET steering
group meetings, 117 documents in total (Appendix S3). Consistent with the earlier discussion of
pragmatist GT, the analysis of these documents also facilitated the selection of some
participants during the coding, memo writing, and theory building stages.

4 | REPRESENTING THE MLGS MODEL

In GT research, the presentation of findings and the process of theorization are closely related
(Corbin & Strauss, 2015). This involves explaining the relationships between substantive and
theoretical codes grounded in the data which leads, ultimately, to the construction of a model
that can explain the phenomenon or phenomena under investigation.

In the present research, 1621 open codes were identified during the coding stage. These
were grouped into theoretical codes that correspond to the names of the structural elements of
MLGS, as well as actors and their agency associated with a specific element of the model.
Sections 4.1 and 4.2 below are structured according to the names of the theoretical codes, to
explain the interactions between them. The coding was carried out in NVivo. A detailed
hierarchy of codes and a code grid are provided in Appendix S4. These relate to the different
elements of the MLGS model over time.

Following the abductive research process, theoretical codes comprising the MLGS were
derived both deductively and inductively. The deductive theoretical codes were linked with the
MLP, MSF, and MLG, while the inductive theoretical codes emerged from the analysis of the
interviews and archival data. The deductive theoretical codes include problem, policy, and
politics streams, governance levels, incumbent level, and technological niche levels. Inductive
theoretical codes supplement deductive codes and expose the novel relationship between them.
Examples of inductive codes include automotive, energy supply, energy storage trajectories,
tWoO, and mWoO. Both deductive and inductive theoretical codes consist of lower‐level
substantive codes that were identified inductively and serve to clarify characteristics of
theoretical codes, in line with pragmatist GT.

The MLGS model includes six layers. The first three—the automotive industry trajectory,
energy supply trajectory, energy storage trajectory—capture the dynamics of the three
constituent industries in the EV transition, and are consistent with the MLP. These industry
trajectories reflect the evolution of technology within the elements of the EV ecosystem
required for the EV to become a mass market product. The MSF is represented by the three
streams: problem, policy, and politics.

These contextualize the agenda setting process underlying the policy change captured in the
industry trajectories. These six elements represent the six layers in Figure 1. Each of the layers
is then split into technological niche (pink), incumbent (light green), and governance (blue)
levels. Time is captured in the third dimension. The streams and trajectories, coupled with
WoO and tipping points associated with developments in the streams and trajectories, facilitate
an analysis of the process that led to the creation of a sustainable and competitive market for
EVs in the UK. These connections are captured by the cross‐sections connecting the layers
vertically.

8 | ARSLANGULOV and ACKRILL
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FIGURE 1 Perspective view of MLGS.
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Figure 1 displays a perspective view of MLGS model, with structural elements presented in
isolation in Figures 2–5; and Appendices S5–S8. These elements are discussed below in more
detail, to illustrate how the model can be applied not only to this case, but also to other complex
policy‐technology trajectories in the sustainability transition. In Section 4.1, we analyze the
three industry trajectories, followed in Section 4.2 with the MSF streams. This visualization of
the MLGS model was undertaken in 3D AutoCAD.

4.1 | Technological windows of opportunity

This section focuses on the concept of tWoO, specifically those labeled tWoO‐1 and tWoO‐2 in
the figures above and below. We start by outlining the levels of industry trajectories coupled
with tWoOs, followed by a discussion of the processes of opening tWoO‐1 and tWoO‐2 in
Section 4.1.2. Section 4.1.3 provides information on the role of TIs within the industry
trajectories in relation to tWoO‐1 and tWoO‐2. In this section, for conciseness and clarity we

FIGURE 2 Automotive industry trajectory, top view. Technological windows of opportunity (tWoO‐1,
tWoO‐2), policy windows of opportunity (pWoO‐1, pWoO‐2), market window of opportunity (mWoO).
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present a detailed analysis only of the automotive industry trajectory layer. The energy supply
and energy storage layers, structurally the same as this, are presented in Appendices S5 and S6,
respectively.

4.1.1 | Levels of industry trajectories

Figure 2 illustrates the arrangement of the automotive industry trajectory layer. Specific events
are assigned to the niche, incumbent, or governance level on the basis of the data analysis. The
incumbent level of trajectories represents the evolution of technologies and services of
incumbent level actors. The technological niche level signifies technological development in
technological niche markets, where technological niche innovators operate.

Up to 2019, the EV technology and the models associated with it were located at the
technological niche level (Figure 2, pink area). The year after, EV technology moved into
the mainstream. From that latter year, new EV models can be found at the incumbent level of
the automotive trajectory (as shown in Figure 2 by the red dashed square). The transition of the
niche technology to the incumbent level is, ceteris paribus, associated with the shift of EVs
from a small, niche level, market to a fully functioning sustainable, and competitive market.
This can be seen in an increase in EV market share and the adoption of this niche technology
by incumbent actors. The process of the shift of technology from the niche level to the
incumbent level will be discussed in more detail below.

The governance level includes policies that influence industry trajectories, as mentioned by
participants, identified in EVET data, and clarified during the literature review matching stage.
This level is split into international, EU, national and local levels and reflects the different
pressures on industry trajectories from multiple levels of decision‐making. The governance
level is, therefore, one of the main drivers of technological change and has shaped the
development of the automotive and related industry trajectories (Int. 26). In the case of the
transitions of EVs in the UK over 2016–2020 such policies include, for example, the Paris
Agreement (UNFCCC, 2015) at the international level (Int.22), Regulation 2016/646 (European
Commission, 2016) at the regional (EU) level (Int.12), the Road to Zero Strategy (Department
for Transport & OLEV, 2018) at the UK national level (Int.27), and The Mayor of London's
Transport Strategy (Mayor of London, 2018) at the UK local level (Int.12, 26).

4.1.2 | Opening of technological windows of opportunity

Perpendicular to the industry trajectories and streams there are dark green areas (tWoO‐1,
tWoO‐2) coupling streams or trajectories (shown in Figures 1–3). These areas are related to
tWoO or trajectory coupling points, where complementary developments in all three of the
energy storage, automotive, and energy supply industries facilitated the shift of EVs to the
incumbent level. The developments in these industries enabled advocates of EVs to argue for
the capability of this technology to address environmental problems. In the UK, this was
associated with the significant decarbonization of well‐to‐wheel processes of EVs, which
evaluate the complete process of energy flow starting from energy generation and storage,
through to the energy consumption of EVs (Woo et al., 2017). This, therefore, required not only
EVs and the batteries to power them, but also the decarbonization of the electricity supply to
charge them.

ARSLANGULOV and ACKRILL | 11
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The first technological window of opportunity (tWoO‐1) related to the production of the
first mass market‐oriented EV, the Nissan Leaf, and it was opened in the technological niche
level of the automotive industry trajectory.

In terms of first opening [WoO] I think it was the early 2010s, so the 2010‐2011. It
really the first time there was a vehicle that potentially more people could buy, it
was probably the Nissan Leaf. In about 2014 we started to see it more out there
[UK]. (Int.27)

That said, while the Leaf represented the first potential mass market EV, it still represented
a niche level technology at that time, as it “was not affordable to most of the public” (Int.25).
The annual registration of EVs in 2011 and 2012 was 1.2k and 1.68k vehicles, respectively

FIGURE 3 MLGS perspective view, focus on industry trajectories and tWoOs.
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(Department for Transport, 2023b). Li‐ion batteries used in EVs were the mainstream market
product in 2010, benefiting from economies of scale. Their development was one of the most
important drivers for the widespread adoption of EVs, with economies of scale driving down
prices by a “factor of five or six” from 2010, allowing EVs to become affordable to “at least
some” of the public from then on (Int. 25). The aforementioned limitations notwithstanding,
the Nissan Leaf thus represents the first potential mass market EV. tWoO‐1 is shown in
Figures 1–3, and depicted by the dark green area coupling the automotive and energy storage
industries. Note, however, that the third industry, energy generation, is still dominated by fossil
fuels in 2010. EVs therefore are not yet capable of realizing their potential to decarbonize
private personal road transport.

Given the continued dominance of fossil fuels in energy generation still in 2010, the second
technological window of opportunity (tWoO‐2) for EVs is then critical (Int. 22). This opened in
2016 in the energy supply trajectory, was highlighted in interviews (Int. 25) and confirmed by
official statistical data. At the time of tWoO‐1, in 2010, wind and solar generated only 10 TWh,
or 2.6% of total energy generation in the UK, while coal generated a substantial 108 TWh or
28.2% of the total. By 2016, the figures were, respectively, 47 TWh/13.7% for wind and solar, 31
TWh/9% for coal (Office for National Statistics, 2022), the first year when the energy generation
from wind and solar exceeded coal. The significance of this, as emphasized by interviewees,
saw renewable energy (RE) moving in 2016 from the niche level to the incumbent level,
positively impacting the well‐to‐wheel performance of EVs.

The trajectories were then coupled sequentially. The automotive and energy storage
industry trajectories had coupled by tWoO‐1 in 2010. This was followed by the coupling of the
automotive and energy generation trajectories in tWoO‐2, in 2016. Since the trajectories were
not decoupled after tWoO‐1 (2010) and tWoO‐2 (2016), the coupling of industry trajectories was
cumulative. This is represented in Figure 3 by tWoO‐2 connecting all three trajectories—
automotive, energy storage, and energy supply—shown as the second dark green “slice.”

The decarbonization of well‐to‐wheel processes ultimately enabled EVs to become an
appropriate technology to address emissions challenges that, in turn, favored its development
to becoming a fully functioning market. The coupling of industry trajectories in tWoO‐2 paved
the way for the shift of EVs from the market niche level to the incumbent level, as
environmental problems in the transport sector became answerable by EVs at this moment.
However, even by 2016, this did not of itself constitute EVs becoming the self‐sustaining stand‐
alone market that stakeholders subsequently sought. Below, we discuss both the pWoO and
mWoO that were important elements of this transition process.

4.1.3 | Role of technology innovators within the industry trajectories

Analyzing EVET data allowed us to identify individuals who worked outside the formal
governmental system—carmakers' officials, senior managers of energy engineering companies
or entrepreneurs—and held positions such as project managers, product development
managers, regional development managers, and CEOs. Such individuals were classified as
Technology Innovators.

The role of TIs within industry trajectories is focused on developing innovations and
facilitating the transition of these innovations from the niche to the incumbent level. This can
occur with the advancement of techno‐economic parameters of the niche technology, its
integration with complementary incumbent level technology within the same ecosystem, and
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harmonizing the development of niche and incumbent level technologies. In the case under
investigation, this ultimately led to the improvement of well‐to‐wheel processes of the niche
technology—EVs—via not only improved battery technologies (Li‐ion batteries) but also the
decarbonization of electricity generation.

Within tWoO‐1 in 2010, the coupling of trajectories was made by an EV carmaker—Nissan—
and those who supplied Li‐ion packs to Nissan and other carmakers, who were also
conceptualized as TIs. The involvement of TIs in developing technologies in both the
energy storage and automotive industries can be associated with efforts to couple
the automotive industry trajectory with energy storage industry trajectory. Apart from the
development of EVs using Li‐ion batteries to advance the energy storage technology, TIs
were responsible for the development of EV infrastructure technology and the widespread
establishment of the charging network in the UK. This initiative aimed to couple energy
supply with the automotive industry trajectory. The second industry coupling point/
technological WoO (tWoO‐2) was associated with the intensification of decarbonization of
the EV energy supply in the UK in 2016. The coupling of the energy supply trajectory with
the automotive industry trajectory took place through electricity providers generating a
growing share of electricity from renewable sources. These energy providers acted as TIs
within the energy supply trajectory. Moreover, and as a side‐bar to our central analysis,
tWoO‐2 led to EVs overtaking other alternative means of reducing emissions from cars.

The CO2 of the grid [at night] … frequently dips below 100 [grams of CO2 per
kilowatt hour]. So at these CO2 figures for electricity, [EVs] pretty much, that's the
only option in town… Whatever you think about biofuels, whatever you think
about hydrogen, they can't compete with those CO2 figures. (Int.22)

The coupling of the trajectories can occur not only through the battery suppliers or
electricity providers, but also through initiatives of carmakers via vertical integration or
diversification strategies. In this case, TIs operate in multiple industries, which allows them to
develop complete technical solutions to anticipated environmental problems. That said,
interviewees argued that this strategic option is not affordable and feasible for the majority of
carmakers.

Tesla, again, is probably indicative of the way forward by providing a complete
energy solution, which is the power wall, the solar roof and now energy supply as
well. They are effectively able to power your entire home and that is a very
interesting move. (Int.22)

EVET, as noted, facilitated the EV transition and reinforced the link between the industry
trajectories. Significantly, some companies participating in EVET were involved in coupling
trajectories using vertical integration and diversification strategies. The suggestion is, moreover,
that this will become more common over time.

Looking at the investments the carmakers are making this [diversification into
mobility‐as‐a‐service and energy sectors and vertical integration with battery and
digital industries] is already happening e.g. VW/Elli, Volvo/Lynk&Co, Geely/
CaoCao, BMW/DriveNow, and it's also happening the other way i.e. the energy
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industry investing in automotive technology e.g. BP Ventures/Ryd in the news
today. And then I agree within 5 years [in 2025] this will be the norm. (Int.24)

Incumbent level TIs play an important role, not only in coupling the trajectories, but also in
the shift of technology within the trajectory. For example, in January 2018 EV charging was a
niche level market, with just 7211 charging devices across the UK (Department for
Transport, 2023a). BP—an incumbent actor who works within the energy supply trajectory—
acquired a stake in Chargemaster, an EV charging company, in June 2018. Subsequently, other
incumbent actors entered the UK market, for example, EDF Energy acquired Pod Point in 2020,
and Shell acquired Ubitricity in 2021. Nowadays, BP Pulse (formerly BP Chargemaster) is the third
largest Charge Point Operator (CPO) in the UK, following Pod Point and Ubitricity. These three
incumbent level actors account for 7.2%, 11.8%, and 15.6% of the total 37,055 installed charge
points in 2023, respectively (Zap Zap, 2023). Since 2018, the number of installed charging devices
has increased by a factor of 4.45.

Generally, the strategy of BP was always if you cannot beat let's join and therefore
whatever new innovations will develop in the market, they were always there… it's
not a surprise that Chargemaster was a natural step for them to acquire because
that is a mood in the market and obviously if the electric vehicles would be one of
the parts of the automotive industry, certainly BP should have a stake on these
things. (Int.1)

It was not only startups and incumbents from the automotive and energy supply trajectories
that were involved in coupling the trajectories. There are examples of TIs in the energy storage
industry using forward vertical integration coupled with automotive industry trajectories. For
instance, BYD started out as a battery manufacturer in 1995 at the market niche level and now
operates in the automotive industry (Int.28) at the incumbent level.

4.2 | Policy windows of opportunity

In this section, the concept of pWoO is discussed, with a specific focus on pWoO‐1 and pWoO‐
2. Section 4.2.1 outlines the levels of the streams coupled within pWoOs, followed in
Section 4.2.2 by an analysis of the processes of opening and closing pWoO‐1 and pWoO‐2. The
next section provides information on the role of PE within pWoO‐1 and pWoO‐2. The final
section concentrates on the problem brokering activities by TIs and their relationship with
policy windows.

4.2.1 | Levels of streams

The streams derived from the MSF as the industry trajectories, are also divided into
technological niche, incumbent, and governance levels. This division was conceptualized
inductively based on the analysis of interview and archival data. The timeline of the streams
indicates the specific date when the policy idea, problem, and/or political event was identified
in the data. For example, in the case of the shift of policy agenda from low emission targets to
zero emission targets between 2016 and 2020, the period which includes pWoO‐1 and pWoO‐2
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in the UK, the governance level of the problem stream (the blue area in Figure 4) comprises
conditions that were framed as social problems at all of the international, EU, national, and
local levels. This condition, according to the interview and archival data, affected the agenda‐
setting process.

Considering the problem stream, for example, the issue of climate change (UNFCCC, 2015)
refers to the international level (text in red in Figure 4). Air quality (Int.12) and energy
independence (Int.16) issues in the EU in 2019 relate to the EU level problems. Air quality in
the UK (Department for Transport & OLEV, 2018) and energy security in the UK (Department
for Transport & OLEV, 2018) associated with national UK level issues. Air quality in cities/
towns in 2019 (Int.20) corresponds to the local level of the problem stream within the UK. The
incumbent and technological niche level problems then concern the advancement of
incumbent level and niche level technologies. To illustrate, in 2020 a lack of interoperability
in EV charging, or the cost of fuel‐cell electric vehicles (FCEV), can be considered incumbent
level and technological niche level problems respectively. Further, because the MLGS includes
the time dimension, problems at different levels of the problem stream can change over time.

FIGURE 4 Problem stream, top view.
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Turning to the policy stream, the governance level of the policy stream (see Appendix S7) is
again divided into international, EU, national and local sublevels, where policy ideas can be
adapted and included into the final policy papers referenced below at various governance levels
of the industry trajectories. For instance, at the UK national level of the policy stream, a 46‐
point policy plan (text in red in Appendix S7) informed by the Transport Energy Model (TEM)
between 2016 and 2018 (Department for Transport, 2018; LowCVP, 2018) was included in the
Road to Zero Strategy (Department for Transport & OLEV, 2018). This is a national level
strategic policy document that set the target for ZEV uptake up to 2040, at the national level of
the automotive industry trajectory (text in red in Figure 2). At the time, the UK's approach to
climate change impacted by the policy ideas of the EU level and international level (Int.12, FOI
33, FOI 38, FOI 74, FOI 81, FOI 103 ‐105). As an example, at the EU level of the policy stream
this includes COM(2018) 773 “A Clean Planet for all”; COP23 in 2017 pushing for a limit to
global warming at international level; and a further ambition agreed at COP24 in 2018.

The incumbent and technological niche levels of the policy stream then encompass policy
ideas in response to technology‐related problems that are included in the incumbent and
technological niche levels of the problem stream. Some of these ideas could be incorporated into
one or multiple policy papers captured in the governance level of the industry trajectories. The
policy ideas (policy proposals) at the incumbent level of the policy stream are thus industry‐
focused. For example, within pWoO‐2 (Appendix S7) they related to data accessibility and data
sharing (FOI 106) discussed in Section 4.2.4, below.

The politics stream (Appendix S8) captures the events indicating government, public or
industry stakeholders support, or resistance, relevant to the case under investigation. The
events that reflect the government's attitude or public perception toward EV transitions can
also come from the global, EU level, national and/or local levels. The events that indicate the
attitude of incumbent actors or technological niche actors influencing EV transitions, are
portrayed at the incumbent and technological niche levels. For instance, the international level
includes UN Climate Change Conferences (COP 24 and 25) in 2018–2019, the EU level includes
EU‐level surveys of public perceptions toward EVs, the UK level involves political events
associated with pro‐EV political candidates at elections (e.g., Boris Johnson in 2019) or public
support based on national surveys (YouGov, 2018b, 2018a). Incumbent level political events
involve participation in EVET by incumbent actors in 2018, lobbying for EVs in 2019 (Int.8), or
alternatively, lobbying for hybrid EVs in 2019 (Int.1). Political events at the niche level are
associated with advocacy of EVs by technological niche level players. In addition, the
incumbent and technological niche level events of the political stream are associated with the
support or rejection of the policy ideas by the industry stakeholders in EVET.

4.2.2 | Opening and closing of policy windows of opportunity

Earlier, it was shown that tWoO‐2 opened in 2016 with a significant shift in the balance of fossil
and renewable contributions to electricity generation. Turning to the policy elements of the
MLGS model, data analysis revealed that the government was responsible for opening policy
window pWoO‐1 in July 2016 and pWoO‐2 in June 2018 (Figure 5). That is to say, the
policy shift only happened once the industry conditions were right. More formally, the shift of
policy agenda from low emission goals to zero‐emission goals in the UK automotive industry
took place after the first policy window of opportunity, pWoO‐1, had opened in July 2016, then
closed with the release of the Road to Zero strategy in July 2018. pWoO‐1 is thus associated
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with the work initiated by the Department for Transport (DfT) in July 2016, in response to the
problem of “the environmental impact of road vehicles” (Department for Transport, 2018, p. 4)—
even though the emissions issue would have been known about long before being formally
identified as a policy problem later.

This problem was clarified in the Road to Zero strategy and was linked with both air quality
and energy security problems (Department for Transport & OLEV, 2018). Within the MLGS,
these sit at the national level of the problem stream that opened pWoO‐1 at the national level.
Work on the Road to Zero strategy and TEM, discussed below, was supported by the
government and UK Prime Minister Theresa May, who was appointed on July 13, 2016. This
suggests that within pWoO‐1, the national level of the politics stream was coupled with the
problem stream.

In July 2016, DfT initiated work on the TEM to understand the relative environmental
performance of different fuels and types of vehicles using the well‐to‐wheel approach
(Department for Transport, 2018). This model then underpinned the policies set out in the
Road to Zero strategy (Department for Transport, 2018), which was developed by the Office for

FIGURE 5 pWoO‐1, pWoO‐2, and mWoO.
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Low Emission Vehicles (OLEV). The work on the TEM and Road to Zero continued over
24 months from July 2016 to July 2018, when the Road to Zero was released. Over this period,
DfT consulted with industry stakeholders, academia, trade associations, consultants, and other
Government Departments, who were able to contribute to the model and policy plan. This
signifies the coupling of the problem stream with the national level of policy stream within
pWoO‐1 (Figure 5).

Analyzing the TEM documentation, it was found that LowCVP prioritized EVs as
potentially net‐zero in respect to well‐to‐wheel analyses (Department for Transport &
OLEV, 2018, p. 122). The fact that EV technology was coupled with energy storage and an
energy supply trajectory within tWoO‐1 and tWoO‐2 simplified the task of PEs seeking to
couple the technology with the policy stream. This is because, within tWoO‐1, EV
powertrains were equipped with battery storage technology that compared well to motor
fuels of conventional internal combustion engine (ICE) vehicles, including those fuels into
which biofuels were blended, serving as a more environmentally friendly energy storage
medium. As noted in Section 4.1, tWoO‐2 opening in 2016 saw a shift of renewable energy
from the niche level to the incumbent level, enabling all three industry trajectories—
automotive, energy storage, and energy supply—to be coupled. This made EVs a viable
environmental solution for the air quality problem. Within pWoO‐1, which then opened in
2016, the well‐to‐wheel processes of EV were seen objectively to be more effective than other
technologies. This was the argument that was used by PEs when coupling the EV technology
with the EV policy solution, within the policy stream (as seen in multiple interviews and
EVET documents).

Another example of pairing the EV technology solution with a policy solution is the
inclusion of the 46‐point policy plan in the Road to Zero that prioritized EV technology within
the strategic policy document. This plan set the targets to end sales of new conventional petrol
and diesel cars and vans by 2040 where the majority of cars will be ZEV (Department for
Transport & OLEV, 2018). It also includes the point of establishing EVET “to plan for future
electric vehicle uptake and ensure the energy system can meet future demand in an efficient
and sustainable way” (Department for Transport & OLEV, 2018, p. 5). EVET focused on
providing industry‐specific policy proposals that informed industry‐specific policy instruments.
Our analysis therefore presents the establishment of EVET as opening the second window,
pWoO‐2, in June 2018—actually 1 month before pWoO‐1 closed with the release of the Road to
Zero in July 2018. That said, they can be viewed as part of the same key moment, when the
government ended its stance of technological neutrality, and initiated the shift in policy agenda
from low emissions to zero emission goals. It is therefore clear that technology played a
critically important role in the shift of the policy agenda, while the concept of multiple WoO, to
include tWoO‐1, tWoO‐2, and pWoO‐1 before the opening of pWoO‐2, can explain both the
sequence of stages in this process and where within the technology‐policy milieu the key events
occurred.

This second policy window, pWoO‐2, was opened at the national and technological niche
levels of the problem stream, in response to air quality and energy security concerns, and linked
with the energy supply and infrastructure problem of the mass market uptake of EVs. There
was uncertainty within government about the problems that incumbent level stakeholders may
face during EV uptake, and it was unclear what kind of solutions to these problems could be
used. The opening of pWoO‐2 corresponded to the month when the problem was formalized
and EVET created (within the policy stream) to provide policy proposals facilitating the EV
transition. The context of that event was the government's prioritization toward a specific
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technology—EVs—and the ripeness of the policy stream for a macro/national level policy
solution—the Road to Zero.

The coupling of pWoO‐2 with the politics stream at the national, local, incumbent, and
technological niche levels can be associated with the government support of EVET at the
national level, and the participation of local authorities and incumbent level actors from all
three industries (automotive, energy storage, and energy supply). In total 138 companies were
involved in EVET work packages (WPs). Further, in 2018 the national mood toward EVETs
objectives was largely positive, as indicated by national surveys. In October 2018, 33% of 2957
British adults surveyed were in favor of a ban on petrol and diesel earlier than 2040, with 15%
supporting a ban around 2040 (YouGov, 2018a). Separately, 31% of 4130 adults were found to be
“very concerned” about climate change, with 43% “somewhat concerned” (YouGov, 2018b).
The general public support on decarbonization targets in transport reinforced the coupling of
the problem, policy, and politics streams.

In Figures 1 and 5, it is possible to see that pWoO‐1 coupled the national levels of the
streams. This related to the fact that Road to Zero policy was developed at the national level by
OLEV (later renamed OZEV) but did not involve the creation of EVET. This strategic policy
document set national targets for ULEV uptake and was not intended to include detailed
technology and industry specific recommendations. These were made afterwards in the policy
documents released within or after pWoO‐2.

In pWoO‐2, it can be seen that the governance level and incumbent levels are adjacent.
This is because, in the EVET data, industry specific recommendations addressing energy
supply problems (located in the incumbent level of the problem stream) and focusing on the
technological aspects of EV transitions, are included in broader recommendations aimed at
solving national level problems. For example, incumbent level recommendations/policy
proposals of the policy stream on using roaming technology in charging stations, delivering
consumer benefits through interoperability and winning consumers' trust and confidence
(italics indicates that these were codes used in the analysis), were targeted to solve the
incumbent level problems in the problem stream such as lack of interoperability, consumer
protection, safe and secure smart charging. These incumbent level policy proposals are
components of the national level policy proposal to set default smart charging regulation
(national level of the policy stream) that address the national coverage of accessible charge
points problem (national level of the problem stream) and more broadly the air quality issue
(EU and UK national levels of the problem stream). The above‐mentioned problems and
policy proposals are highlighted in blue in the corresponding levels of streams (Figure 4,
Appendix S7).

The closure of pWoO‐2 came with the completion of EVET WPs in March 2020, or as
described in EVET documents, the completion “EVET 1.0” (FOI 107). We thus conclude that
the width of pWoO‐2 for proposing policy ideas to the government was 22 months (see
Figure 5, Appendices S7–S8), starting in June 2018 and closing in March 2020. The result of
pWoO‐2 was the implementation of policy ideas, formulated during this period, into policy
documents such as the Electric Vehicles (Smart Charge Points) Regulations (HM Govern-
ment, 2021) and the UK infrastructure strategy (Department for Transport, 2022a). It is,
however, noteworthy that not all EVET proposals were included in the final policies, or else
they were further modified, as the final decision on the inclusion of policy proposals was made
by the government, specifically the Ministers of the Department for Transport or the
Department for Business, Energy & Industrial Strategy.
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4.2.3 | Policy entrepreneurs

In the present analysis, Senior Managers of LowCVP were confirmed as PE who coupled the
problem, policy, and politics streams. LowCVP (renamed ZEMO in 2021—in what follows we
use time‐appropriate names, either LowCVP or ZEMO), undertook a series of activities to
accelerate the shift to zero emissions vehicles via: (1) the creation of communities with shared
goals, (2) undertaking evidence based research, (3) influencing policy and information, and (4)
accelerating progress toward the EV market (LowCVP, 2020). As early as 2014 the DfT, in
collaboration with LowCVP, established the Transport Energy Task Force to help meet
renewable transport fuel targets (LowCVP, 2014). Between 2014 and 2017 it was responsible for
updates to the Renewable Transport Fuel Obligation (RTFO), in which directors of LowCVP
took an active role. The importance of LowCVP, via the Transport Energy Task Force, in
policymaking and its influence on the process, can be seen in multiple sources, including the
UK Parliament.

The DfT's Transport Energy Task Force (TETF), made up of Government
representatives and a wide range of stakeholders including Ensus, reported in
March 2015 with agreed policy recommendations. These, together with the policy
changes required by the “ILUC (Indirect Land Use Change) Directive” published
in September 2015, will allow the UK to move towards the 10% energy target for
transport. However, even if policy changes are implemented with ambition, full
compliance will remain challenging. (UK Parliament, 2020)

In the context of MLGS, the senior managers of LowCVP who were responsible for
providing policy recommendations to the national level policies are identified as national level
PE. Within pWoO‐1 (Figure 4–5, Appendices S7–S8), LowCVP organized industry‐specific
events aimed at generating policy ideas related to the decarbonization of transport. In addition,
LowCVP's Transport Taskforce informed DfT concerning fuel decarbonization. Over the period
July 2016–November 2017 (17 months) LowCVP contributed to consultations regarding TEM,
that informed the government about the impact of various types of vehicles and fuels
(Department for Transport, 2018). The evaluation of the environmental performance of
different vehicle technologies and fuels was made based on well‐to‐wheel analysis (Department
for Transport & OLEV, 2018). The output of the model then underpinned the policies set out in
the Road to Zero Strategy (Department for Transport, 2018). In 2018, LowCVP was also invited
to update the assumptions incorporated into TEM, where senior managers were able to consult
the government. However, later in 2021 TEM was phased out (OZEV, 2021) closing this
channel of communication and influence.

The Road to Zero strategy included a summary of TEM, confirming that LowCVP even then
prioritized EVs as potentially net‐zero with respect to well‐to‐wheel analysis (Department for
Transport & OLEV, 2018, p. 122). This can be considered as coupling a technology solution
with a policy solution and problem frame, when EVs were coupled with an energy supply
trajectory, and renewable energy technologies (wind and solar) shifted to the incumbent level.
Another example of LowCVP being involved in coupling technology solutions with policy
solutions and problem frames is the development and inclusion of the 46‐point policy plan in
the Road to Zero (LowCVP, 2018). As noted previously, this plan set the targets to end sales of
new conventional petrol and diesel cars and vans by 2040 (Department for Transport &
OLEV, 2018).
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The main government body responsible for the development of the national strategy paper—
Road to Zero—was OLEV. LowCVP within pWoO‐1 (July 2016–July 2018) worked at the national
level. In the next stage of transition, LowCVP was more focused on industry‐specific policies
and policy recommendations. Within the MLGS, this is visualized as the second policy
window (pWoO‐2), which includes not only the national level of the policy stream, but also
technological niche and incumbent levels in Figure 5. In pWoO‐2, in June 2018, EVET 1.0
was established for the purpose of providing policy proposals regarding energy supply for
EVs, as then outlined in the Road to Zero. The secretary functions of EVET were undertaken
by the LowCVP manager, who had previously taken the same role and led the Transport
Taskforce while providing policy proposals for RTFO amendments (LowCVP, 2014). The
foregoing therefore represents key events in a series of salami tactics, breaking down a big
task into multiple smaller tasks to manage complexity, build momentum, and overcome
resistance (Ackrill & Kay, 2011).

One interviewee suggested that carmakers can be PE.

Someone like Richard Branson is a good example of someone who is a highly
successful entrepreneur but also a highly successful political operator both in terms
of understanding where the opportunities are and also quite often making the
weather. It is a good example in a way that the chief executive of [names an OEM]
is far more traditional. Anytime I need to talk to the President [of the State] I can
pick up the phone and he has talked to me because I employ X thousands
people. (Int.8)

There is no evidence from our data that, in the UK case, carmakers' officials send policy
proposals directly to policymakers at the national level, via Emails or by phone. Rather, all of
the evidence we have indicates that they worked through EVET to frame problems within the
incumbent level of the problem stream. This could then be discussed at the EVET WP
meetings, where a potential solution could be suggested and included in the draft of the WP
report. After that, the WP draft would be reviewed by the PEs and either modified or, though
unlikely, presented unchanged to the government. Crucially, this sees carmakers working
collectively on a shared agenda, through the formal channel established by the government.

4.2.4 | The role of problem frames within the policy windows of opportunity

So far we have focused on TIs and PE. In this section we reflect on the problem brokering
activities by TIs, their relationship with policy windows, and how this led to the inclusion of
specific policy ideas in the final policy, the UK electric vehicle infrastructure strategy
(Department for Transport, 2022a). Problem Brokers (PB) are individuals who work outside the
formal governmental system and frame problems within the problem stream based on their
values, emotions, and knowledge (Wildavsky, 1979; Baumgartner & Jones, 2010; Kingdon, 2014;
Knaggård, 2015). Our data analysis revealed that the PB role can be characterized as one
specific subset of activities that TIs undertake. This activity was undertaken within the problem
stream when pWoO‐2 was open.

In the EVET meetings, problem frames were formulated at the incumbent level of the
problem stream, in the form of questions that focused on industry‐specific problems. For
example, during the fifth WP meeting, a TI asked:
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How could sharing of data (e.g., around demand forecasting) help the energy sector
better meet the energy impacts of EVs? (FOI 32)

In the next step, this problem frame was reformulated by PEs in the context of national‐
level problems—such as the stability of the UK electricity system.

This [shift to EVs] would represent an increase in energy to be delivered by the UK
electricity system over current levels of between 20% and 40% by 2040. Given that
the electricity system has very limited headroom at certain locations at times of
peak demand, the key question is at what time of day and where will this
additional energy will be delivered? Answering this question (and ensuring that EV
charging occurs at times of lower demand) will be crucial to meeting the energy
impacts of EVs. (FOI 106)

In response to this question, five proposals were provided by PEs to the government and
industry stakeholders. These proposals were discussed with TIs at WP meetings and with PEs
in EVET steering group meetings. The priority of proposals was set by PEs using the MoSCoW
prioritization as “should have” and “must have” priorities in the short, long, and medium
terms. MoSCoW stands for, in order of priority, Must have, Should have, Could have, and Won't
have (FOI 103). Thus, in our case, the PE used MoSCoW to set the urgency of specific
requirements and the problems associated with them.

After the presentation of policy proposals by the PEs to the Secretary of State for Transport and
members of the House of Lords, the policy proposal was included in the final policy paper—the UK
electric vehicle infrastructure strategy (Department for Transport, 2022a) which was published in
March 2022, 2 years later after the closure pWoO‐2 in March 2020. In response to the example
question quoted above, the final policy paper included data‐sharing arrangements in the action plan.

We are addressing barriers to data sharing which can impede decision
making. (Department for Transport, 2022a, p. 62)

We will consider the potential sharing of private chargepoint location and energy
data with specified parties to support network planning. We will aim to consult on
additional measures to ensure we are taking a systems‐wide approach for a safe
and secure transition to smart charging. (Department for Transport, 2022a, p. 73)

Based on this analysis, we see that TIs participated in the policy process by framing the
problems at the incumbent level of the problem stream, through questions that were later used
by PEs. The PEs' role focused on coupling incumbent level problems with national problems
within the problem stream, prioritizing policy solutions within the policy stream, and
presenting those potential policy solutions to the government. This way, PEs coupled policy,
problem, and politics streams at the incumbent and national levels.

4.3 | Market windows of opportunity

The concept of the mWoO was derived inductively based on the interviews with the Head of
OLEV (Int.27) and further analysis of EVET data. During Interview 27, tipping points were
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mentioned that can trigger a mass market for EV uptake. The question was: “When did the
window of opportunity open for the widespread adoption of electrical vehicles?”

I think we're at the moment [December 2020] in another key tipping point where
there's more [EV] models available and it's getting all mainstream, last month it
was nine percent of new vehicle sales in the UK were full battery electric which is
extraordinary. (Int.27)

Then there should be again another tipping point as we really start to trigger that
mass market, but I think that will be in the future so I'm not sure there'd be one
point, but I think there's been several interesting bits as we've been going
through. (Int.27)

According to Gladwell (2010, p. 12) “the tipping point is the moment of critical mass, the
threshold, the boiling point”, while innovation diffusion has been characterized as following an
S‐shape, with slow start‐up, followed by “accelerating growth (the ‘tipping point’) and finally a
flattening of demand (and a potential ‘tripping point’)” (Whittington et al., 2019, p. 325). That
said, in terms of the decarbonization of road transport, it is highly unlikely that a tripping point
will occur. Rather, as Interviewee 27 suggested, the mass market might be more something that
emerges more steadily, rather than there being a single point.

Even so, further analysis of the EVET data indicated that the members of EVET operated
the concept of EV Market Development in “preparing the GB energy system for the mass take
up of electric vehicles” (FOI 107). The processes of the development of EVET proposals,
government actions, and the development of the EV market, are interrelated and sequential.
The first stage—the development of EVET proposals (the “innovation” stage in FOI 111)—
included identifying the necessity of actions, prioritization of recommendations/policy
proposals, and the development of an action plan to deliver the policy measure. The second
stage pertained to the government actions or “implementation” stage (FOI 111), suggesting the
implementation of policy measures. The third stage implied market development or the
“impact” stage (FOI 111).

Both the concept of “tipping point” and the “impact” stage underlie the concept of the
mWoO and the ultimate aim of the period under analysis—the creation of a market for EVs
with sufficient critical mass for it to be self‐sustaining, as a crucial phase in the long term
ambitions around net zero. The mWoO corresponds to the first tipping point mentioned in
Int.27 and is associated with the shift of the focal technology—EVs—to the incumbent level,
recalling also that this involves the coupling at the incumbent level of not one but three
industry trajectories—automotive, energy storage and energy supply. This is the point when EV
technology became mainstream.

To ascertain when the EVs started to become a mainstream market product, interviews,
EVET data, and statistical data were scrutinized. The EV mWoO partly opened in
September 2019, evidenced by a 141% jump in vehicle registrations (Department for
Transport, 2022c, 2022b). The mWoO fully opened in March 2020 (Figure 6), coming after
the closure of pWoO‐2. At this juncture, EV registrations had increased significantly, for the
second consecutive year, by 184% in 2020 (Department for Transport, 2022b). That was a
successful year for all EV models, with 71% of EV registrations attributed to models other
than Nissan and Tesla (Department for Transport, 2022b). The percentage of total UK car
sales accounted for by EVs increased significantly, from 0.67% in 2018 to 6.59% in 2020, and
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has continued to grow since then (Department for Transport, 2022b). At this point, the
mWoO is fully open, indicating the significant widespread adoption of EVs and their shift to
the incumbent level.

Returning to Figure 1, the mWoO is shown as a blue rectangular area that couples the
governance level (national and local sublevels), incumbent level, and market niche level of
the problem stream and industry trajectories. The coupling of national and local sublevels of
the governance level within mWoO signifies the links between the multiple levels of decision‐
making and the market dynamics within the automotive market in the UK.

In turn, coupling the mWoO of industry trajectories and the problem stream underscores
the fact that the mass take up of EVs may cause problems across multiple levels of the problem
streams and impact not only technological and policy development within the automotive
industry but also the energy supply and energy storage industries. The problems with the
widespread adoption of EVs could be associated with excessive electricity demand and the risk
of power outages (FOI 103). This will require the reduction of peak demand and the
development of smart charging (FOI 103), which will impact the incumbent level of the energy
supply trajectory, as incumbent actors will need to response to this problem. At the time of
writing, this represents an unknown future, but it also offers an important issue for future
research.

An example of a positive effect of mass EV uptake could be the impact of increased
demand for batteries on incumbent level actors of the energy storage industry trajectory.
If EV market growth continues, then the tipping points discussed earlier can be connected
to earlier EVET interventions to maintain this momentum. It is expected that these
interventions will progressively accelerate the EV transition (FOI 60 cf, FOI 67 cf). In
Figure 1, tipping points are depicted as three orange frames in 2022, 2026, and
2030,preceded by mWoO in 2020. The specific tipping points dates were identified based
on the analysis of FOI 60 cf and FOI 67 cf.

FIGURE 6 BEV registered for the first time in Great Britain, January 2018–September 2022. Source:
Department for Transport (2022b).
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As a final observation we note that, consistent with the GT approach, we presented our
model and findings back to the stakeholders involved in the data collection activities, and other
experts, as part of “model validation.” Aspects of the research were presented at international
academic conferences, where positive feedback was received. Feedback was also obtained
directly from six of the earlier participants in the research.

5 | DISCUSSION

Following the GT method, once the theoretical framework or model has been developed; and
answers to the research question given, the results are compared with the literature to identify
similarities and differences, to locate theory within the larger body of theoretical knowledge
(Bryant, 2017; Corbin & Strauss, 2015). The results of the study are thus now compared with
the literatures that embrace the concept of WoO, MSF and MLP specifically, focusing on the
dynamic two‐way linkages between policy and technology within the context of sustainability
transitions in the automotive industry.

In the research, we have found that following a series of WoOs, specifically tWoO‐1 (2010),
tWoO‐2 (2016), pWoO‐1 (open 07‐2016, closure 07‐2018), pWoO‐2 (open 06‐2018, closure 03‐
2020), and the shift of the policy agenda to net‐zero goals, mWoO (03‐2020) opened, signifying
the shift of the focal technology, EVs, to the incumbent level. The challenge in implementing
the standard GT process in the present case is that no previous research has distinguished these
different types of WoO. The literature that has some parallels with the present research
considers other European countries, but not the UK: Werner and Onufrey (2022)—Sweden;
Kulmer et al. (2022)—Austria; and Derwort et al. (2022)—Germany.

The present research also extends this existing literature by identifying the sequential and
dynamic relationships between technology, policy, and market uptake. The transition process
started with technological developments by TIs within tWoOs, that improved the well‐to‐wheel
processes of a niche technology; followed by a coupling of this niche technology with a policy
solution by PEs within pWoOs, through the subsequent release of strategic policy and industry
specific policy instruments. This sequence of events led to a shift of the niche technology to the
incumbent level within mWoO.

Of the other studies cited, the closest research to the present study is Derwort et al. (2022),
who analyzed policy change toward sustainability in Germany's energy sector over the period
1970–2018. The authors used both the MLP and MSF in their analysis, arguing that political
decisions trigger ST change and protect innovative technologies from market pressure. After
that, these technological advances provided new solutions to the policy stream “feeding back
into the political agenda” (Derwort et al., 2022, p. 693). Thus, these authors also find two‐way
linkages between the technology and policy agenda. They also confirm that the concept of
policy entrepreneurship can shed light on the role of individual agents in ST systems.

The main difference is that the present research has found that the advancement of
technology and follow‐up activities of PEs led to a significant shift in the policy agenda (from
low to zero emissions vehicles). Thus, we argue that the role of individuals is crucial in the
policy shift, within tWoO as well as pWoO, with our data enabling us to identify key individuals
in this process. Additionally, our research has shown that in the UK case, the pWoOs opened
by the government, DfT specifically, were endogenous, planned events; while Derwort et al.
(2022) associate opening WoO with exogenous focusing events, such as oil crises or nuclear
incidents that influenced the policy system. Both of the research studies, however, agree that
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the technology at the moment of pWoO opening needs to be advanced enough to be capable of
solving the policy problem.

In the literature that discusses the agenda‐setting processes in UK transport‐related studies,
the following actors have been identified as PEs: Friends of the Earth (Carter & Jacobs, 2014),
Mayor of London Sadiq Khan (Maltby, 2021), Transport for London (Cooper‐Searle et al., 2018),
Carplus, the Waste & Resources Action Programme (Cooper‐Searle et al., 2018) and the Ellen
MacArthur Foundation (Cooper‐Searle et al., 2018).

Having analyzed the data from EVET meetings, we also identify LowCVP as a PE.
Further, LowCVP was found to be involved in multiple pWoO, which ultimately led to EV
market uptake and the opening of the key mWoO. As multiple pWoO are linked with the
issues of the same solution—EVs—the strategy PEs adopted can be described as salami
tactics. The first split of policy moves was associated with the development of strategic
policy proposals—the Road to Zero—presenting these proposals during pWoO‐1. The
second policy move related to work undertaken on the industry‐specific policy proposal
for policy instruments within pWoO‐2.

In the present research, we have also expanded on the foregoing to clarify the role of TIs in
the policy agenda setting process—in so doing, clarifying the linkages between the
contributions of the MLP and MSF to our unifying MLGS model. In line with Goyal et al.
(2019), we found that TIs are responsible for the development of technological solutions in the
automotive industry, but also in critically‐important related industries. In the context of the
MLGS and its visual representation, it is easier to show the links between the multiple
technologies and functions represented by the elements of the MLP and MSF, as the STT and
policy processes move between the multiple layers of the MLGS.

It was also confirmed that TIs promoted technological solutions to a policy problem. Within
EVET, TIs were able to link an industry‐specific problem, such as a lack of EV charging
interoperability and data sharing, with national level problems such as air quality. This activity
can be labeled specifically as problem brokerage. In the UK context, given its bureaucratic
procedure, TIs did not provide written policy recommendations directly to policymakers, but
rather worked through the structures of EVET and its WP meetings. That said, the details of
these discussions and recommendations did not always find expression in the final WP reports,
as these were mediated by the PEs in this process—LowCVP Senior Managers, which do not
always reflect the earlier individual verbal interventions made by TIs. The fact that TIs can
potentially act as PEs (Cohen & Naor, 2013), was thus only partly confirmed in our data and
empirical case.

From the foregoing, we are now able to reflect on our research question: How can we
advance the concept of WoO to explore the dynamics of the sustainability transition, with a
particular focus on the development of the electric vehicle (EV) market in the UK? In this, we
are interested in particular in the creation of the technological conditions, in multiple related
industries, to enable EVs to constitute a solution to multiple policy ambitions set at multiple
governance levels, notably climate change, decarbonizing road transport, and reducing air
pollution. Meanwhile, both industry and policy interests have a profound interest in EVs
becoming a self‐sustaining commercially viable market in the long‐term.

The answer to our research question therefore draws on, first, the MLP and its ability
to locate technologies at different levels of market maturity. Second, there is the MSF and
its framing of problems, policies, and politics, to explore when policy change occurs—and
which, in the MLGS model, can also be located within the niche, incumbent, and
governance levels. Third, systemic challenges such as the sustainability transition require
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changes at multiple levels of governance, from the global to the local, which can be
framed using MLG located across the six layers (industry trajectories and streams) of the
MLGS model. Finally, the goal of the research has been to analyze the dynamic shift in
stakeholders' focus, from low to zero emissions vehicles in the UK, which finds its
ultimate expression in the creation of a self‐sustaining mass market for EVs.

This has been framed utilizing the concepts of WoO, as a key concept shared by the
MLP and MSF. WoO are particularly useful in exploring what happens when it does (with
the opening of a window), and when a particular phase of transition is over (as the
window closes). In our analysis, and reflecting the above discussion, we have identified
three types of WoO, capturing developments in technology (tWoO), policy (pWoO), and
markets (mWoO). The first technological window of opportunity (tWoO‐1) opened in 2010
at the technological niche level of the automotive industry trajectory. This saw the
coupling of the niche level technology—the EV mass market‐oriented powertrain—with
the incumbent level technology—Li‐ion batteries—within the automotive and energy
storage industry trajectories, respectively. This resulted in the production of the first mass
market‐oriented EV—the Nissan Leaf.

The second technological window of opportunity (tWoO‐2) was associated with the
shift of RE technology to the incumbent level in 2016. The shift in the balance of
electricity generated from coal to renewables marked a turning point in the decarboniza-
tion of the electricity supply industry, thus improving the emissions performance of EVs
in general. Within the synthetic model—MLGS—this was conceptualized as coupling the
niche level technology (EVs) with incumbent level technology—renewable energy
(mainly solar and wind) of the automotive and energy supply industry trajectories,
respectively. It is worth clarifying that, at this point, the EV market was not fully mature
and the Nissan Leaf represented only a niche technology. That said, the tWoOs were not
only sequential but also cumulative, given the decreasing cost of batteries and the
expanding network of EV charging infrastructure over time.

This series of tWoOs resulted in increased efficiency of well‐to‐wheel EV processes, as well
as their market potential, making it possible for PEs to justify promoting the use of EVs as a
solution for environmental problems. After the coupling of automotive, energy supply, and
energy storage trajectories, EV technology was paired by the PEs as a strategic policy solution
for the environmental problem. This happened in the first pWoO‐1 over the period July
2016–July 2018, when work on the TEM and Road to Zero took place. Over this period, the PEs
contributed to the TEM, where they were able to prioritize EVs as potentially net‐zero with
respect to well‐to‐wheel analyses. In addition, PEs contributed to the inclusion of the 46‐point
plan in the Road to Zero strategy, an initiative ending the government's stance on technological
neutrality. The policy plan favored EVs by setting targets for EV uptake and phasing out petrol
and diesel vehicles (and, later, hybrids). The shift in the policy agenda from low emission to
zero‐emission vehicles happened after the release of the Road to Zero strategy in 2018—
although the window for this shift starts in 2016, when the relevant work that went into the
Road to Zero began.

The key stakeholder roles, and those who took on those roles, are identified as follows.
Policymakers, individuals, or groups involved in formulating, developing, or amending

policy, included Government Ministers, Secretary of State for Transport, Secretary of State for
Business, Energy and Industrial Strategy, and Head of the Government's Office of Low
Emission Vehicles.
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PE, with a purposive and reputational interest in the acceptance of policy proposals, were
found to be individuals who worked within pWoO at the national, incumbent, and market
niche levels of policy stream by coupling policy, politics, and problem streams. Key PEs were
the directors of LowCVP, who contributed to the TEM and the Road to Zero, as well as
providing secretariat functions for EVET, and thus who had control of what went into the final
EVET reports making recommendations to government.

TIs operate within technological WoO in technological trajectories across the three key
industries—carmakers, battery makers, and energy generators/suppliers. One group of key TIs
were carmakers' officials who developed technological solutions. Within the technological
WoO, TIs were able to release an innovative product that was complementary to innovations in
related industries. They released the first mass‐market BEV in 2010 and enhanced the range of
EVs from 2016, when the second tWoO was opened. In addition, during the second tWoO, TIs
intensified the expansion of the EV charging infrastructure. These individuals were also found
to act as problem brokers within the EVET WPs, but the PEs identified above had final say over
the content of the WP reports.

Regarding the other two industries in the technology space, TIs in the energy supply
industry delivered an ongoing diversification of EV energy supply away from fossil fuels and
toward renewables; while TIs in the energy storage trajectory improved the energy and cost
efficiencies of Li‐ion batteries. These activities, jointly, made EVs a viable technological
solution to the multiple policy problems. Policymakers established EVET within the policy
stream in response to the technological niche‐level problem of the problem stream—a lack of
widespread adoption of EVs.

Analyzing EVET data, it was found that pWoO‐2 was opened by DfT and BEIS and
conveyed by OLEV in June 2018 (FOI 107). EVET provided opportunities for TIs who
acted as problem brokers to frame problems in the form of questions at the incumbent
level of the problem stream, for example by raising a question regarding the “sharing of
data around demand forecasting to help the energy sector better meet the energy impacts
of EVs” (FOI 32). This problem was then discussed at the WP meetings, where the
problem solution was suggested and included in the draft of the WP by PEs. After that, the
WP draft was further scrutinized by PEs. Following modifications, policy proposals were
presented to the government, specifically the Secretary of State for Transport and
members of the House of Lords (FOI 89, FOI 102). The final decision on the inclusion of
policy proposals in the final policy, as agreed and implemented, was made by government
ministers.

After the initiation of the EVET WPs in June 2018, the mWoO began to open in September
2019. This is evident from the increase in registration of EVs by 141% compared with the
previous year (Department for Transport, 2022b, 2022c). However, the number of EVs
registered for the first time, in proportion to the total number of vehicles registered for the first
time in the UK, was relatively small, accounting for 1.64% in 2019 (Department for
Transport, 2023b). The market WoO fully opened in the following year, March 2020, with the
completion of EVET 1.0 WPs and the closure of pWoO‐2 in the same month. During this time,
the model range of EVs expanded significantly, and the market continued to grow by 184%,
accounting for 6.59% of total registered cars for the first time in the UK in 2020 (Department for
Transport, 2022b). This signified the shift of EVs to the incumbent level and, as the ultimate
goal of all that had gone before, the beginning of the mass market uptake of EVs.
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6 | CONCLUSION

How can we deepen our understanding of systemic change, in the context of the sustainability
transition? In this research, we have argued that because such change involves multiple
stakeholders and industries working interactively over time, analysis of such processes risk
concept‐stretching were individual existing analytical frameworks to be deployed. To avoid
this, and to enable a clearer analysis of systemic change involving multiple stakeholders
and their interactions, we have unified the MLP, MSF, and MLG frameworks into a single, unified
MLGS model. This approach is not without its dangers (Cairney, 2013), but we have argued that
with due consideration given to the underlying ontological and epistemological contexts of these
frameworks, we have avoided the potential downsides that Cairney identifies.

A key part of justifying the synthesis of these particular frameworks has been developing
the concept of WoO, which is integral to both the MLP and MSF. Additionally, synthesizing the
MLP, MSF, and MLG has enabled us to bring greater clarity to the different roles played by
stakeholders in these complex systemic processes. In the present research, this was especially
important given the uniquely detailed primary and secondary data sources we gained access to.

Our empirical application has focused on the UK's shifting ambitions for EVs, linked to the
wider sustainability policy goals that this technological shift could deliver. Specifically, our
primary focus has been on the period from 2016 to 2020, during which time the UK moved
from promoting low emissions vehicles while maintaining technological neutrality, to the
abandonment of this position on technology when EVs, as zero (tailpipe) emissions vehicles,
came to be seen as a viable means of delivering on multiple climate and environmental goals.

That said, the process of getting EVs to this point began somewhat earlier than 2016. With
three key industries identified as needing to contribute to this aspect of the sustainability
transition, the interplay of those industries had to progress to the point where EVs could indeed
offer wider societal benefits. Those three industries reaching those points represented the
necessary and sufficient condition for EVs to be able to offer those benefits. At this point, 2016,
policymakers could then focus their attention on EVs as a means to deliver on their own
ambitions. That said, this process was characterized by policymakers recognizing the need for
help from others, hence the creation of EVET. This also provided the means by which those
operating outside of government, but especially representatives of key industries, could work
either as problem brokers or as PE, to inform and influence the final policy process. In this way,
the technology and the policy enabled the creation of EVs as a mature, self‐sustaining market.

MLGS represents a viable means of synthesizing complementary theoretical frameworks.
The streams of the MSF are embedded as separate layers. Other layers represent the multiple
industries required to deliver on certain systemic aspects of the sustainability transition. In our
case, this is three, but that can be adapted as necessary to suit any given empirical context.
Embedded in each layer are then key elements of the MLP—niche, incumbent, and governance
levels—as well as different levels of governance, through MLG. The third dimension, time, then
allows for the incorporation into the different layers of key aspects in the analysis of specific
analysis of complex systemic change. Recognition of different, but related, WoO can then
connect across the layers, with the visualization of the MLGS model aiding researchers' mental
maps of the complexities intrinsic to systemic change.

Taking this work forwards, one direction would be to explore its use in analyzing other
events within the automotive transition, or other elements of the wider sustainability
transition. This would also allow for the testing of the flexibility of the model in terms of
varying the number of industry trajectories/layers, as each empirical case demands. Ultimately,
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systemic transitions are highly complex, with multiple stakeholders and “moving parts.” We
propose the MLGS as a way of capturing, and visualizing, these transitions, whether in a single
model (e.g., as shown in Figure 1), or by focusing in on the detail of individual components.
This ability to zoom in and out offers clarity as we seek deeper understanding of the
interactions embedded within the sustainability transition.
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