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Abstract
Purpose After decades of delay, there are promising signs that society may finally be getting serious about climate change. 
But the problem is now of such urgency that accelerating transition pathways to net zero is of paramount importance. Which 
governance approach gives society the best chance of simultaneously realizing the multiple sectoral and industrial transfor-
mations that net zero entails? How can policymakers and broader societal actors accelerate these transformative processes, 
setting in motion transition pathways to desirable futures? In response to these interrelated questions, we survey the literature 
on sustainability transitions and present an approach that aims directly at radical system change.
Recent Findings Two decades of transition research has generated critical insights on accelerating transition pathways to 
net zero, highlighting key transformative strategies and pointing to the central role of the state, politics, and intermediaries.
Summary Transition research indicates that reaching net zero entails radically transforming essentially all sectors and indus-
tries as they are deeply entwined with the use of fossil fuels and the release of greenhouse gas emissions. An ambitious state 
in conjunction with a strong constellation of intermediary organizations can set in motion and accelerate transition pathways 
by actively driving niche development surrounding promising innovations, promoting the diffusion of emerging alternatives, 
and phasing out carbon-intensive arrangements.

Keywords Climate change · Transition pathways · Intermediaries · Mission-oriented innovation policy · Green industrial 
policy

Introduction

With the recent release of the Sixth Assessment Report [1], 
the Intergovernmental Panel on Climate Change (IPCC) has 
delivered a stark warning that human-induced climate change is 
already upon us and that many climate impacts (e.g. receding arc-
tic sea ice and rising sea levels, ocean warming and acidification, 
and extreme weather events such as heatwaves and droughts) 
are locked in. While the science presents an increasingly bleak 

picture about irreversibility, it also underscores that the most seri-
ous disruptions can still be averted if society embarks on a path 
of rapid and ambitious climate action. There are some signs that 
such a path may be starting to take shape.

The proliferation of national and corporate net zero com-
mitments suggests that governments, businesses, and other 
societal actors may finally be getting serious about tackling 
climate change. Although the quality of commitments varies 
considerably, two thirds or more of greenhouse gas (GHG) 
emissions are now covered by net zero pledges [2]. More 
importantly, framing the challenge in terms of net zero has 
begun to dispel the notion that some sectors or industries 
will be immune to the radical changes needed to reach full 
decarbonization. The challenge, however, remains in (i) set-
ting all sectors and industries on pathways to net zero and 
(ii) accelerating these processes.

Over the past 30 years, governments have experimented 
with a variety of policy tools in their attempts to bring GHG 
emissions under control. Broadly, these include economic 
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instruments, such as carbon pricing, which place economy-
wide pressure on carbon-intensive arrangements to encourage 
individuals and business to switch to lower carbon alternatives 
[3]; regulatory instruments that seek to tighten emissions con-
trols (for vehicles, gas flaring, and so on) or eliminate particu-
larly problematic technologies, infrastructures, or processes 
[4]; and innovation-oriented measures, such as incentives 
for novel low-carbon alternatives, that help to promote rapid 
development and diffusion [5]. Some attention has been paid 
to targeting individual behaviour and lifestyles more directly 
[6], among other aspects of the consumption-production equa-
tion. And different assemblages of approaches have increas-
ingly been brought together into more sophisticated policy 
mixes [7–9]. Taken together, traditional climate policy meas-
ures have largely concentrated on first stabilizing and then 
reducing emissions in an efficient and stepwise fashion.

Conventional governance approaches have, however, con-
tinued to struggle with driving the depth and scope of change 
needed to set existing systems on a course for full decarboniza-
tion. Research suggests that, at base, this relates to a mismatch 
between the climate problem and proposed solutions – under-
standing the challenge as an emissions control issue or market 
failure rather than as a fundamental issue of how to trans-
form the way production/consumption systems are currently 
configured [10, 11]. Existing systems of social provisioning 
remain deeply dependent on fossil energy supplies (80% glob-
ally), and basic industrial processes (including the production 
of steel, cement, chemicals, and plastics) along with agricul-
tural practices (including forest clearances, livestock opera-
tions, and chemical fertilizer use) are major GHG emission 
sources. Driving emissions to net zero will therefore require a 
fundamental transformation of core provisioning systems from 
energy to transport and the built environment to agri-food—a 
transformation involving changes to technologies and infra-
structures, institutions and norms, prices and markets, as well 
as social practices and business models [12]. As this change 
transcends traditional system boundaries, it also requires new 
and more horizontal forms of decision-making [13].

In this article, we explore an alternative to conventional 
paradigms—one grounded in sustainability transition stud-
ies. This approach aims directly at envisioning, developing, 
and accelerating transition pathways capable of reorienting 
systems to net zero. Our review begins by surveying transi-
tion perspectives on the nature of system change, with an 
emphasis on the role of the state [14, 15], politics [14, 16, 
17], and intermediaries [18–20]. Rather than seeking to com-
prehensively survey the full range of the rapidly expanding 
transition literature, we focus on prominent contributions that 
point to key lessons relating directly to the climate challenge. 
The paper then moves on to illustrate how insights from this 
literature can be applied in practice by presenting the activ-
ity of the Transition Accelerator [21, 22], a Canadian charity 
that works to create positive systems change consistent with 

a net zero future. Our review concludes by reflecting on the 
implications for accelerating the net zero transformation.

Sustainability Transition Studies

A rapidly growing body of research in the field of Sustaina-
bility Transitions [23, 24] has emerged over the past 20 years, 
which explores transitions in large-scale production/con-
sumption systems, and seeks to mobilize this knowledge 
to accelerate movement towards more sustainable societal 
arrangements. A significant body of work within this field 
examines historical transitions processes in major ‘socio-
technical systems’ such as the shift from surface to piped 
sewer systems [25], from sail to steam ships [26], and from 
horse drawn to internal combustion engine road transport 
[27]. These studies demonstrate that transition processes are 
marked by the coevolution of technology and society [28]. 
Systems that meet core societal functions (the provision of 
heat, power, water, food, and so on) are composed of inter-
related material and social elements that seamlessly enable 
a dominant ‘way of doing things’. The electricity system, 
for example, includes both technical components (power 
stations, transmission wires, transformers, local distribution 
networks) and social dimensions (contractual arrangements, 
regulations, pricing structures) that, together, animate the 
provision and consumption of electric power [29]. Transi-
tion research indicates that appreciating the interconnections 
among these elements is critical to understanding the func-
tion and evolution of the system as a whole [30].

Research on historical episodes of change underscores 
that systems typically evolve in incremental ways as estab-
lished development trajectories display path dependent 
qualities. In this way, early choices close the envelope of 
available future choices and reproduce established societal 
arrangements [31]. Take, for example, how the internal com-
bustion automobile has retained the same basic design since 
it crystallized in the Ford Model T at the turn of the twen-
tieth century. Consider also how the built environment and 
consumption patterns have coevolved alongside the car, rein-
forcing the centrality of this form of personal transport (from 
the spread of suburbs to drive-through business models). 
That is not to say that there has not been innovation—on the 
contrary, automobiles have benefitted from an accumulation 
of advancements over more than a century improving their 
performance in every appreciable way (from acceleration to 
safety to fuel efficiency). But the mobility system as a whole 
and its surrounding elements have remained largely tied to 
internal combustion engine-based automobile transport.

Nevertheless, more dramatic changes—transitions—do 
occur, such as the original leap from horse drawn to auto-
motive mobility [27], from manufacture to mass production 
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[32], or from gas to electric lighting [33]. The multi-level 
perspective (MLP) [26, 34, 35] has gained particular promi-
nence in mapping the various ways such transitions unfold 
[36, 37]. According to this heuristic framework, transitions 
are driven by the interaction of multiple factors arrayed 
across three levels: ‘regimes’, ‘niches’, and ‘the landscape’. 
Regimes consist of the dominant rules and institutions, tech-
nologies and infrastructures, business models and practices, 
and incumbent industries and interests that constitute a par-
ticular system [28]. Consider, for instance, how the estab-
lished electricity regime rests on guiding principles that 
place particular value on dispatchable power and how this 
continues to privilege the build out of natural gas-fired units. 
Niches, in contrast, are composed of emerging innovations 
and approaches that have the potential to accumulate over 
time and may eventually displace elements of the regime 
[38]. Take, for example, how solar photovoltaics benefited 
from initial improvements in small niches in satellites and 
remote sites but gradually accumulated momentum in dis-
tributed power applications with policy support until dif-
fusing widely across multiple contexts in recent years. The 
landscape encompasses broader developments, such as acute 
market shocks and changing political administrations but 
also more gradual shifts in culture, that may help to reinforce 
or exert pressure on a system. Think of how the Russia-
Ukraine conflict has potentially opened opportunities for 
accelerated renewable energy deployment as Europe seeks 
to end its reliance on Russian fossil fuels.

What the MLP illustrates is that there is no single driver of 
transitions. Rather, it is the alignment and accumulation over 
time of multiple factors (e.g. the readiness of niche innova-
tions, internal pressures within the regime, and landscape 
shocks) that together build towards system change [36, 39]. 

A considerable body of work [36, 37, 40, 41] has examined 
the various ways the above factors can interact to generate 
transition pathways that enable a system to shift from one 
configuration to another [42]. This literature emphasizes that 
timing matters, with transitions tending to unfold in multiple 
stages resembling an S-Curve [43–45]. At the outset, alter-
natives are expensive and have serious functional handicaps 
(think of early LEDs which produced weak light in just one 
colour). Experimentation with new technologies and business 
models can bring functional improvements and cost reduc-
tions, which open the way for more widespread adoption. At 
a certain point diffusion accelerates and eventually the novel 
arrangements can become entrenched as the new normal.

Policy-focused contributions build on these insights to 
show how effective interventions to accelerate change evolve 
as the transition progresses though different stages [21, 46, 
46, 47] (see Fig. 1). Broadly, these interventions seek to 
build up low-carbon alternatives that form the basis for net 
zero systems of the future while simultaneously driving 
down carbon-intensive arrangements [11].

Supporting Niches At the front end of the process, the crea-
tion and development of niches is a critical means to acceler-
ate transitions [38]. In transition studies, niches are regarded 
as a locus for innovation and experimentation [48, 49], shel-
tering novelties from harsh competitive pressures until they 
can crystallize around promising models [50]. But niches 
not only support technical improvements (in performance or 
efficiency), they also nurture social processes such as vision 
building, learning-by-doing, and networking that are neces-
sary to attract resources (investment and human capital), 
secure critical early markets, and eventually scale up [51, 52]. 
The deliberate creation and support of niches through policy  

Fig. 1  Interventions to acceler-
ate transition pathways
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(e.g., investment in trials and demonstrations) is a promising 
avenue to stimulate learning, de-risk private investment, build 
coalitions and capacity, and promote public engagement [53–
55]. Niche development can also be deliberately fostered by 
bringing together diverse innovators (entrepreneurs, academ-
ics, public officials, and others) to envision and experiment 
with new models and approaches [43, 56–58]. Such efforts 
often involve a joint process of structuring the problem and 
learning about the focal system, developing a vision of poten-
tial transition pathways, carrying out transition experiments, 
and monitoring and evaluating to derive lessons.

Diffusing Innovations At a certain point a focus on wide scale 
deployment and adoption is critical to accelerating change. Even 
as a niche innovation begins to crystalize around a promising 
model and accumulate momentum in early markets, harsh com-
petitive pressures (from cost-efficiency gaps and mismatches 
with institutions and lifestyles) will often impede wider uptake 
and the eventual reconfiguration of the system. Various incen-
tives for the adoption of novel approaches and technologies have 
been widely used to address these issues, encouraging them to 
gain market share. Consider, for instance, how feed-in-tariffs for 
new renewables allowed them to diffuse more widely [59] or 
how rebates for battery electric vehicles helped to expand initial 
markets [14]. Diffusion may also be incented by encouraging the 
building out of and/or easing access to supporting infrastruc-
ture (e.g. charging networks in the case of electric cars and grid 
access for distributed renewables). Political tensions can be par-
ticularly heightened during this stage as alternative approaches 
and innovations are no longer only ‘hopeful monstrosities’ with 
far off potential but are becoming a more immediate threat to 
the market share of established interests [60–62].

Phasing Out the Old Transitions involve dismantling the old 
system as well as building a new one [11, 45, 63–65]. Tran-
sition scholarship indicates that the emergence and diffusion 
of innovations alone tends to be insufficient to drive rapid 
system change. Rather, mounting pressure on the regime is 
often needed to secure objectives—without which problem-
atic technologies, practices, or substances could persist for 
decades or longer [63, 65, 66]. Indeed, transition scholarship 
has increasingly turned its attention to the role of upset-
ting existing system configurations through delegitimiza-
tion, divestment, phase outs, and associated measures [64]. 
Studies have examined the mounting number of phase-outs 
targeting coal [67, 68] and those announced around internal 
combustion engine vehicles [69]. While such interventions 
can help secure the decline of problematic technologies and 
practices, they also have the potential to exacerbate political 
tensions (e.g. between the urban ‘elite’ and rural communi-
ties) by concentrating economic and social losses in particu-
lar contexts (specific industries, communities, and so on) and 
moments in time (years rather than spread over a decade or 

longer). This introduces important equity considerations that 
require dedicated efforts to alleviate [70, 71]. Yet, transition 
research also reminds us that some losses are inevitable even 
as society as a whole may stand to gain from system change.

This discussion also touches on several cross-cutting fea-
tures of transitions. It highlights that the state has a decisive 
role to play given its ability to wield the power, resources, 
and machinery needed to deliberately drive and accelerate 
transition pathways [14, 16, 72, 73]. Roberts et al. [16], for 
instance, point to the role of government in both supporting 
interventions that open up systems to radical change (through 
open-ended innovation processes) as well as close them down 
around particular pathways (e.g. the broad-based electrifica-
tion of energy end-uses and all that goes with that). Others 
have similarly called attention to the role of the state in devel-
oping mission-oriented innovation and industrial policies that 
identify societal challenges and bottlenecks, fix objectives and 
timeframes, and mobilize resources to reach desirable futures 
[74–77]. Despite the orthodoxy that markets are the core driver 
of innovation trajectories, there is now substantial evidence that 
the mechanisms and structures of the state have always been 
used to select among innovations (i.e. ‘pick winners’), playing 
critical functions in promoting market creation, scale up, and 
legitimacy building. This not only places the state at the centre 
of transition-focused strategies (e.g. as a key source of niche 
support), but also efforts to impede change [14, 62, 68].

As a consequence, actors continually vie for position to 
influence the levers of the state and shape the envelope of 
possibilities under consideration [14]. Given the high stakes 
of these struggles, politics can be thought of as inextricably 
interlinked with transition processes, alternately catalyzing 
or barring change depending on the outcome of individual 
political contests [17]. Transition research elaborates how 
these contests (in the form of policy debate, the political 
mobilization of actor coalitions, and so on) can be crucial in 
opening up established trajectories and pressing for change 
[78–80]. Similarly, this work indicates that early actions to 
create and resource coalitions for change may not only set in 
motion transition processes but also help to establish impor-
tant constituencies capable of defending unfolding pathways 
even when resistance from incumbent actors intensifies [16, 
81, 82]. Take, for example, how early policy actions to build 
up niches through industrial policy for renewable energy 
also created the constituencies needed to defend such poli-
cies later on [83]. Politics also forms the basis for strate-
gies deployed by incumbent actors as they seek to maintain 
legacy entitlements, terminate niche support, or even crea-
tively coopt or hedge against otherwise transition-focused 
measures [61, 62, 84]. Indeed, state actors (e.g. in finance 
and/or energy departments) and incumbents can sometimes 
be engaged in a regime-level alliance to support continued 
growth in incumbent (fossil fuel) industries [62].
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Despite the critical role of the state, transition research also 
places weight on broader societal actors in accelerating path-
ways in line with the understanding of transitions as multi-actor 
processes. This has motivated a surge of interest in intermediary 
organizations as important actors for connecting networks of 
innovators, drawing out lessons across diverse project contexts, 
and aggregating efforts to build pathways for broader system 
change [19, 85–87]. Kivimaa et al. [88] define intermediaries 
as ‘actors and platforms that positively influence sustainability 
transition processes by linking actors and activities, and their 
related skills and resources, or by connecting transition visions 
and demands of networks of actors with existing regimes in 
order to create momentum for socio-technical system change, to 
create new collaborations within and across niche technologies, 
ideas and markets, and to disrupt dominant unsustainable socio-
technical configurations’. At base, this is about developing, 
interconnecting, and aggregating emerging niches while also 
creating openings in regimes for innovation processes to unfold 
[85, 89]. Such intermediary organizations can vary widely from 
think tanks to environmental and advocacy organizations to 
quasi-governmental and arm’s length agencies.

While transition studies [88] differentiate among several 
types of intermediaries (e.g., those situated at niche or regime 
levels), some have suggested that it is not the specific makeup 
of the intermediary that is paramount but rather the func-
tions they perform [90]. These functions include articulat-
ing visions, networking, generating and allocating resources, 
capacity building, and carrying out pilot projects [18]. Oth-
ers have highlighted more expansive functions including 
bridge building between sectors, different levels of govern-
ment, disciplines, and policy domains [91]. Such functions 
may extend across traditional jurisdictional boundaries [92]. 
Some note that while intermediaries may have linkages with 

government, a key advantage is that they can operate inde-
pendently and more flexibly than government in incubating 
and scaling up novel approaches to accelerate transition path-
ways [19]. In this fashion, independence from government 
and the appearance of neutrality may help intermediaries 
build trust among diverse actors and facilitate their role as 
networking and vision-building organizations [86].

An Illustrative Approach: The Transition 
Accelerator

We now draw together many of the abovementioned insights 
and lessons by examining a specific intermediary organiza-
tion dedicated to accelerating transitions to net zero. The 
Transition Accelerator is a national not-for-profit founded 
in Canada in 2019 to work with stakeholders from indus-
try, government, and civil society to define and build out 
sectoral and regional transition pathways [22]. Inspired 
by research on sustainability transitions, this organization 
applies a four-stage methodology to co-develop transition 
pathways with innovative stakeholders. In this context, tran-
sition pathways are understood as the sequence of changes 
to technology, business models, social practices, policy, and 
public attitudes required to move a system to a more desir-
able, and net zero GHG emission configuration [21]. The 
Accelerator process starts with analysis of the target system 
(the specific niche, regime, and landscape contexts includ-
ing actors, material and financial flows, strengths and weak-
nesses), then moves through vision and pathway develop-
ment, modelling and stress-testing proposed pathways, and 
finally practical experiments, pilots, and the establishment 
of consortia to build out pathways in practice (see Fig. 2). 

Fig. 2  Iterative process for pathway development. Source: [22]
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Central to this approach is linking efforts to mitigate GHG 
emissions to transformative currents and emerging pres-
sures within key systems of social provisioning and devel-
opments occurring at the landscape. The Accelerator argues 
that effective interventions must be tailored to the specific 
conditions in different regions and systems, as obstacles 
and drivers of change vary (agri-food is very different from 
transport and so on). Initial funding for the organization 
has been provided by charitable foundations, but pathway 
specific support comes from many sources including busi-
nesses and various levels of government.

The Accelerator can therefore be understood as a clas-
sic intermediary organization, which works as a facilita-
tor to catalyze niche development, support diffusion, and 
encourage broader system change. It aims to accelerate 
movement in areas where governments have so far been 
unable or unwilling to act decisively. By building coali-
tions of innovators—those with the interest and capacity to 
induce change—the Accelerator helps shift relationships 
on the ground and achieve practical advances. It can build 
momentum for change that will ultimately make it easier 
for governments to take more ambitious action.

What this approach looks like in practice can be seen 
in the stepwise development of hydrogen-related pathway 
work in Western Canada. Launched by David Layzell’s 
research group at the University of Calgary (Canadian 
Energy Systems Analysis Research, CESAR) 3 years ago, 
attention was initially focused on the decarbonization of 
heavy trucking. Detailed analysis of the road transport sys-
tem turned up interesting findings including the low mar-
gins in the haulage sector, the difficulty recruiting drivers, 
high maintenance costs of diesel engines, and enthusiasm 
of some industry actors to explore cleaner alternatives. 
Techno-economic and lifecycle analysis and interaction 
with stakeholders suggested hydrogen fuel cell electric 
vehicles represented the most promising option for the 
heaviest (Class 8) trucks [93]. A collaborative explora-
tion of transformative visions and detailed pathway analy-
sis allowed a redefinition of the challenge from solving 
the GHG emission problem for heavy trucks to seeing the 
industry as a potential ‘anchor tenant’ (i.e. early volume 
market) for a low-carbon hydrogen economy in which 
Alberta, a major oil producing province, could remain a 
key energy provider in a rapidly decarbonizing world [94].

This vision inspired actors in the haulage industry, but 
appealed more broadly to stakeholders seeking a path for-
ward in a province so dependent on fossil energy produc-
tion. Alberta has significant potential as a producer of low-
carbon hydrogen—both hydrogen made from fossil inputs 
with carbon capture and storage (CCS) and made by the 
electrolysis of water using renewable electricity (wind, solar, 
geothermal). Alberta is already one of the lowest cost hydro-
gen producers in the world, producing it at scale through 

steam methane reforming for the oil, chemical, and fertilizer 
industries [95]. There is also substantial experience with 
CCS technologies—for example, at the Quest CCS facility 
near Edmonton, which has been operating since 2015. Even 
with CCS, hydrogen can be cheaper than diesel to produce. 
But today there is no way to get hydrogen to potential end 
users, and no fleet of vehicles or other customers awaiting 
hydrogen fuel. The stepwise development of low-carbon 
hydrogen demand and supply is therefore critical to diffuse 
this alternative energy carrier. Technical barriers to wide-
spread hydrogen use in heavy transport (including trucks 
and trains), for industrial heating (e.g. in steel or cement 
production), or as a storage medium for renewable electricity 
remain. But above all there are barriers related to investment 
in strategic infrastructure, market creation, standards (for 
safety, carbon accounting, and interoperability), the creation 
of new business models, and so on.

As the Accelerator’s hydrogen work progressed, it has led 
to an expanding applied research effort and the establish-
ment of practical pilots and consortia, each of which has 
helped leverage additional activity. Researchers and indus-
try first collaborated to secure government funding for a 
$15-million pilot to build and test hydrogen fuel cell vehicles 
on the 300-km transport corridor between Edmonton and 
Calgary. The Alberta Zero-Emission Truck Electrification 
Collaboration (AZETEC) is led by the Alberta Motor Trans-
port Association, managed by Zen Clean Energy Solutions, 
and financed by Emissions Reduction Alberta. Collaborators 
include Ballard Power (fuel cells), Air Products and Praxair 
(hydrogen supply), Nordressa (a Quebec-based electronic 
drive train manufacturer), Freightliner/Daimler (truck bod-
ies), and HTEC (fueling equipment).

Appreciation of potential economic opportunities in an 
emergent hydrogen economy allowed creation of ‘Alber-
ta’s Industrial Heartland Hydrogen Taskforce’ in May of 
2021—a coalition led by the mayors of five municipalities 
(including Edmonton), with participants from industry, the 
federal and provincial governments, and academia [96]. 
The group’s extensive consultation, networking, and analy-
sis paved the way for the subsequent establishment of the 
Edmonton Hydrogen Hub. Funded by all three levels of gov-
ernment, this is the first regional hydrogen hub in Canada. 
The Hub has already produced a foundational analysis that 
anticipates the sequencing of hydrogen roll out over the 
coming decade. The work is detailed and concrete, involving 
a geo-spatial mapping of hydrogen sources and end users, 
identification of pipelines and delivery routes, and the build 
out of alliances to support pilots with multiple technologies 
and business models. The Accelerator is currently working 
with a variety of groups to establish other regional hydrogen 
hubs and corridors in Alberta and other Canadian provinces.

In developing these hydrogen hubs, the Accelerator has 
emphasized strategic visioning, rigorous analytics, and 
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collaborative engagement. As part of this, the Accelerator 
has maintained that Hub activity, infrastructure investment, 
and regulatory and policy initiatives should be guided by 
the public interest in deployment of a dynamic low-carbon 
hydrogen system rather than by the narrow concerns of an 
individual company, which might, for example, seek to max-
imize revenue by slowing uptake or controlling supply. Of 
course, hydrogen will be just one part of a net zero energy 
system, and care must be taken to ensure hydrogen solutions 
ultimately result in full decarbonization. Thus, while hydro-
gen made from fossil inputs with CCS can play a role in scal-
ing hydrogen infrastructure today, residual carbon emissions 
associated with its continued deployment would need to be 
fully neutralized by negative emissions in a net zero world.

Many actors played a role in the relatively rapid uptick 
of interest in low-carbon hydrogen in Canada. Internation-
ally, hydrogen has been recovering from the disappoint-
ment of the hype-cycle in the 1990s as the technology has 
matured and the scale of the challenge of reaching net zero 
has become clear [97]. The long downturn in the oil and gas 
sector in Alberta in the 2010s encouraged some explora-
tion of alternative development trajectories. And the relative 
absence of attention paid to hydrogen as a net zero energy 
carrier over the previous decade created an opening where 
the Transition Accelerator—with its data and analysis driven 
approach, and emphasis on activating innovators through a 
pathway design methodology—could have influence out of 
proportion to its modest organizational means.

Nevertheless, the example shows the potential for inter-
mediary organizations to catalyze progress, especially at 
the niche development/early diffusion stage of transition 
processes. To date, the Accelerator has been active across 
a number of sectors and regions—work which has, for exam-
ple, created new coalitions to promote integration and mod-
ernization of electricity grids (Canada Grid) [98] and the 
manufacture of zero emission vehicles in Canada (Acceler-
ate: Canada’s Net Zero Supply Chain Alliance) [99]. In addi-
tion, the organization conducts broader educational work 
to popularize its pathway development methodology and 

analytical approach for assessing net zero priorities [21]. A 
critical point in relation to public authorities is the argument 
that carbon pricing and tax credits for green investment are 
not enough to induce system change at the required scale. 
Thus the Accelerator advocates government application of a 
full range of policy instruments to drive niche development, 
diffusion, and phase out, including public investment, regu-
latory measures, and mission-driven innovation and indus-
trial policy. It emphasizes the need for governments to adopt 
a strategic approach to net zero, concentrating resources 
where they can make the most difference. This means apply-
ing policy mixes suited to the particular phase of transition 
in each sector, focusing on mass roll out where solutions are 
now clear (e.g. electrifying light duty vehicles) and on niche 
development and experimentation where solutions are still 
under development (e.g. in agri-food).

Conclusions

This review has drawn several lessons for governing acceler-
ated change towards net zero that emerge from the sustaina-
bility transition literature, and are being applied (in a modest 
way) in the activity of the Transition Accelerator. Above all, 
it underscores the significance of moving towards a govern-
ance approach that rests on developing and realizing path-
ways to net zero, charting a course for the transformation of 
key systems of social provisioning to achieve full decarboni-
zation (the key features of such an approach are summarized 
in Table 1). Indeed, there are many ways to reduce GHG 
emissions that are not steps on a pathway to net zero (e.g. the 
shift from coal to natural gas in the electric power sector or 
from gasoline to corn-based ethanol for light duty vehicles 
can yield emissions reductions but do not represent progress 
towards net zero). By focusing on regional and sectoral pro-
visioning systems, and identifying the sequences of reforms 
(to technologies, business practices, regulation, public atti-
tudes, and so on) required to flip these systems into alterna-
tive net zero configurations, a governance approach based 

Table 1  What a transition pathways approach brings to climate action

Caption: Adapted from [21]

Transition pathways approach

Goal System change to deliver multiple benefits and net zero GHG emissions
Theory of change Co-developing visions and building out pathways can empower innovators, alter facts on the ground, and open the way to 

more ambitious action
Scope Sector and regional transitions
Policy instruments A complex policy mix that is sensitive to sector and regional context and the phase of transition and includes ‘mission-

driven’ innovation and net-zero industrial policy
Obstacles identified Path dependence of dominant system (technology, infrastructure, regulations, consumer expectations, and so on) and power 

of incumbent interests
Outcomes Build out of coalitions, practical change, opening space for system transformation
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in sustainability transitions can avoid the waste of time and 
money associated with ‘dead end’ pathways which cannot 
deliver on long-term decarbonization.

A governance approach embedded in transition think-
ing foregrounds the application of multiple policy tools 
to advance system change in different sectors at different 
stages of the transition process. It underscores the central-
ity of coupling policy measures to work towards building 
up alternative innovations with the potential to reconfigure 
incumbent arrangements while at the same time winding 
down problematic technologies, practices, substances, and 
so on. Simply put, such an approach involves simultane-
ously accelerating the emergence of ‘the new’ and the 
decline of ‘the old’. It also highlights the importance of 
accounting for non-climate related problems in specific 
sectors and regions and integrating climate goals with 
other societal objectives. And it illustrates why equity and 
distributive issues cannot be avoided in plans to accelerate 
system transformation.

Beyond this, our review has highlighted the decisive role 
of the state and politics in transition processes. Only the state 
can ultimately marshal the resources necessary to acceler-
ate, and carry forward to conclusion, change on the scale 
envisaged here. And because politics determines govern-
mental action, measures which can strengthen the political 
coalitions that stand behind climate policy are of particular 
importance. The deliberate effort to build economic con-
stituencies which support a deepening of decarbonization 
is crucial, hence the Transition Accelerator’s emphasis on 
building the net zero emission vehicle supply chain in Can-
ada and promoting the potential of a hydrogen economy.

Finally, the analysis points to the potential functions 
performed by intermediary organizations—linking innova-
tors in business, government, and civil society—in transi-
tion processes. Expanding the number and diversity (both 
geographic and system/industrial focus) of these types of 
solution-oriented actors can help promote the multiple tran-
sitions that reaching net zero entails. Such groups can be 
funded privately or publicly, but in either case they can play 
leading roles in exploiting opportunities and breaking path 
dependent processes to drive system change. Together with 
civil society movements that intensify pressure on political 
and business leaders as well as efforts at building coalitions 
to give weight and stability to climate policy, mutually rein-
forcing state and intermediary actors can serve as decisive 
enablers of the transition to net zero.
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