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Abstract 

This thesis explores the politics of decarbonization pathways, with a particular focus on the 

responses to and conflicts surrounding the transition to a low-carbon energy future. As part of 

this, the dissertation: (1) scrutinizes how the concept of “pathways” is understood within climate-

energy policy and analysis; and (2) attends to the struggles involved in pursuing potential 

pathways to carbon-neutral energy systems. Two overarching and interrelated research questions 

orient this work. First, how are pathways understood in the context of the low-carbon transition? 

And second, how are the socio-technical responses that help make up these pathways contested 

and shaped through politics?  

 

The introductory chapter of this thesis lays the groundwork for interrogating these questions, 

providing background on the subject of climate change, outlining the role of energy in this 

challenge, raising issues around the governance of low-carbon transitions, identifying research 

aims and questions, and discussing relevant research perspectives and approaches. Drawing on 

transition and discursive perspectives, chapters 2 through 4 then present three studies that take up 

the research questions by exploring different political aspects of decarbonization pathways. A 

concluding chapter reflects on the contributions of this work and potential future directions. 

 

The three studies forming the core contributions of this dissertation have been published in peer-

reviewed academic journals. The first article elucidates the way in which diverse actors construct 

meaning around the concept of “pathways” in the context of the low-carbon transition. The 

second article uncovers ideational conflicts surrounding a historical episode of low-carbon 

change: the phase-out of coal-fired power in Ontario. The third article reveals tensions and 
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alignments around an unfolding episode of low-carbon change: how different energy systems 

(electricity, transport, and heating) and their affiliated actors are interacting around expanded 

societal electrification and electricity trade. Broadly, the three papers developed here underscore 

that ideas matter in transitions. These ideas relate not only to the concepts and categories used to 

frame the climate challenge (such as “pathways”) but also the narratives linked to possible 

responses (alternative innovations and institutional arrangements) that are advanced by 

contending interests. 
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Chapter 1 – Introduction 

This thesis explores the politics of decarbonization pathways, with a particular focus on the 

responses to and conflicts surrounding the transition to a low-carbon energy future. A credible 

effort to address climate change will require a relatively rapid low-carbon transition in the energy 

systems underpinning modern societies (IPCC, 2014a). This entails transformative adjustments 

to social, political, economic, and technological arrangements (Geels et al., 2017a). Over the past 

two decades, the concept of pathways has emerged as an increasingly important way to frame 

this societal challenge and contemplate the multiple dimensions of change associated with long-

term movement toward decarbonization (Turnheim et al., 2015; Wiseman et al., 2013). However, 

to date, there is limited consistency in the use of this concept as a critical problem frame or 

analytical device. Moreover, while a considerable body of work emphasizes the technological 

and geophysical dimensions of decarbonization pathways, somewhat less has been done to 

engage with the political domains underlying this transformative pursuit.  

 

In response, this dissertation: (1) scrutinizes how the concept of “pathways” is understood within 

climate-energy policy and analysis; and (2) attends to the struggles involved in pursuing 

potential pathways to carbon-neutral energy systems. Two overarching and interrelated research 

questions orient this work. First, how are pathways understood in the context of the low-carbon 

transition? And second, how are the socio-technical responses that help make up these pathways 

contested and shaped through politics? 

 

To address these questions, the thesis draws upon insights from transition studies and 

complementary discursive perspectives. Transition research provides a useful lens through which 
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to view the climate challenge as it calls attention to: (1) the interconnected role of social and 

technical (socio-technical) factors involved in long-term processes of systems change, (2) the 

multidecadal nature of these processes, (3) the forces of continuity that promote movement in a 

carbon-intensive direction, and (4) the potential drivers of transformative change within societal 

systems such as transport or electricity (Grin et al., 2011a). Discursive perspectives, on the other 

hand, can enrich transition perspectives by more closely examining the political dynamics that 

underlie processes of fundamental change in societal systems, uncovering the conflicts over 

ideas the are central to defining policy problems and identifying appropriate responses (Fischer 

and Forester, 1993). In this fashion, transition and discursive perspectives can together provide a 

more complete picture of interacting political domains (ideas, institutions, interests, along with 

innovations and infrastructures) in low-carbon energy transitions, revealing how actors actively 

use ideas to influence policy responses (commitments about institutions as well as innovations 

and infrastructures, in particular) in such a way as to reinforce their perceived interests. These 

two theoretical traditions inform the research approach and analytical orientation adopted in the 

three studies that make up the core of this thesis. 

 

These three studies each respond to one or more of the research questions outlined above. The 

first study, entitled “Pathways: an emerging concept for the theory and governance of low-

carbon transitions” and published in Global Environmental Change, examines the way in which 

diverse actors construct meaning around the concept of “pathways” in the context of the low-

carbon transition. It carries out a survey of the relevant climate change mitigation literature. The 

study finds three core conceptions of pathways linked to diverse perspectives and approaches, 

each of which emphasizes different yet interconnected dimensions of the decarbonization 
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challenge: biophysical, techno-economic, and socio-technical. It also identifies the pitfalls and 

promise of the concept in contemplating the low-carbon transition, suggesting that there is room 

to further engage with the politics underlying this process. Informed by this effort, the second 

study, entitled “Framing low-carbon pathways: a discursive analysis of contending storylines 

surrounding the phase-out of coal-fired power in Ontario” and published in Environmental 

Innovation and Societal Transitions, explores political dynamics surrounding a historical episode 

of low-carbon change: the phase-out of coal-fired power in Ontario. Through an analysis of 

media articles, it elaborates the conflicts over ideas that mark this experience. The study reveals 

the way in which contending actors frame issues and technologies, modulating possibilities and 

shaping the sequences of choices that link current societal arrangements to future low-carbon 

states. The third study, entitled “A clash of socio-technical systems: exploring actor interactions 

around electrification and electricity trade in unfolding low-carbon pathways for Ontario” and 

published in Energy Research & Social Science, explores political dynamics surrounding an 

unfolding episode of low-carbon change: how different energy systems (electricity, transport, 

and heating) and their affiliated actors are interacting around expanded societal electrification 

and electricity trade. To shed light on this, the study carries out an analysis of the actor positions 

articulated during the 2017 Long-term Energy Plan consultation in Ontario. Findings indicate 

that emerging interactions around electrification of transport are marked by less conflictual 

patterns in Ontario, whereas electrification of heat and electricity trade are characterized by 

deeper frictions.  

 

These three studies generate a series of interconnected insights for the theory and governance of 

low-carbon transitions. Responding to the research questions and objectives, two core 
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contributions are distilled here. First, this program of research elucidates the way in which 

diverse constituencies construct meaning around pathways in order to contemplate and respond 

to the low-carbon transition. Second, this work elaborates how the socio-technical responses that 

help make up pathways are contested and shaped through politics. In particular, the three papers 

developed here underscore that ideas matter in transitions. According to this research, ideas 

relate not only to the concepts and categories used to frame the climate challenge (e.g., 

“pathways” or “resilience”) but also the storylines linked to possible responses (e.g., phasing out 

coal). Attending further to ideas is an important way to gain traction on the political domains of 

transitions (elaborated in Section 4) and understand how these domains interact to shape 

alternative low-carbon trajectories. In essence, ideas help define the climate change problem, 

constitute the envelope of possible solutions, and animate conflicts among contending actors and 

interests. And so, in the context of profound complexity and uncertainty, struggles over ideas are 

of central importance in determining the pace and character of low-carbon transitions: how might 

societal systems operate in the future, through what means and at what pace will systems move 

toward these futures, which innovations and actors will be given prominence in these journeys, 

and who will ultimately win or lose. 

 

The thesis is organized as follows. Chapter 1 is composed of an introductory essay. This essay 

provides background on the subject of climate change, raises a number of important issues facing 

the governance of this challenge, identifies the research questions, and discusses key theoretical 

and research approaches that inform the three studies making up the dissertation. Chapters 2 

through 4 then move to present the three studies. In Chapter 5, the thesis concludes by taking 

stock of the core contributions and reflecting upon future research directions. 
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1. The climate challenge 

1.1 Climate change and the role of energy 

There is overwhelming scientific evidence that human activities, particularly the combustion of 

fossil fuels for the provision of energy services such as transportation and electricity, are altering 

the global climate through the release of greenhouse gas (GHG) emissions (IPCC, 2013). This 

climate challenge is in large part an energy problem given that energy accounts for over 70% of 

anthropogenic GHG emissions (C2ES, 2017). With the increasing reliance on fossil fuels to 

drive modern industrial economies, atmospheric concentrations of GHGs have risen from well 

below 300 parts per million of CO2-equivalent during the pre-industrial era to over 400 parts per 

million in 2018 (NASA Global Climate Change, 2018). Despite mounting efforts to reverse this 

trend, annual energy-related GHG emissions have continued to rise, reaching a record high of 

32.5 gigatons in 2017 (International Energy Agency, 2018). The past and present release of GHG 

emissions is already beginning to drive up global temperatures and destabilize the climate 

system, which is leading to more extreme weather events, receding glaciers, and sea level rise 

(Fischer and Knutti, 2015; Marzeion et al., 2014). Research suggests that the anthropogenic 

release of carbon into the atmosphere has fundamentally reshaped the natural world (Raupach 

and Canadell, 2010) and begun to exceed critical planetary thresholds (Steffen et al., 2015). 

Climate science indicates that the continuation of this carbon-intensive course of societal 

development over the next decades is likely to produce a global temperature rise from 3.2°C to 

5.4°C by 2100 (Fuss et al., 2014). According to the IPCC (2014b), this can be expected to 

unleash severe impacts ranging from increased droughts and floods, extreme heat and wildfires, 

sea level rise and mass migration, to the collapse of both ecologically and economically 
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significant biophysical systems such as fisheries and forests. Taken together, the emerging and 

future impacts of climate change not only pose a serious threat to natural systems but also 

undermine the prospects for human prosperity.  

 

In response, international political leaders have affirmed the importance of averting the most 

severe impacts of climate change by “holding the increase in the global average temperature to 

well below 2°C above pre-industrial levels” (United Nations Framework Convention on Climate 

Change, 2015, p. 3). Climate science indicates that adhering to this temperature limit involves 

curtailing atmospheric concentrations of CO2-equivalent emissions to about 450 parts per 

million by 2100 (IPCC, 2014c). With this, annual GHG emissions would need to peak around 

2020 and decline substantially thereafter to what is essentially carbon neutrality by the end of the 

century.  

 

Correspondingly, research points to an equally significant shift in energy sources and 

technologies that would accompany such a decline. Prominent forward-looking perspectives 

highlight: the need for low-carbon energy sources to play a dominant (roughly 80%) role in 

meeting global transport and electricity demand by 2050 (Riahi et al., 2012); the technical and 

economic feasibility of displacing conventional energy sources with emerging renewable energy 

technologies (Jacobson et al., 2015); and the increasing centrality of extreme technological 

solutions such as carbon dioxide removal – bioenergy with carbon capture and storage – in 

extending the horizon for near-term climate responses and the potential for safely reaching 

temperature targets (Rogelj et al., 2015; van Vuuren et al., 2013). In essence, energy models 

point to a nearly wholesale reconfiguration of electricity, transport, industry, and building 
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systems. One element of this reconfiguration is the rapid decline of fossil fuels that do not utilize 

carbon capture and sequestration. A second element relates to the radical rise of fuel switching 

(e.g., natural gas heating to electric heating), alternative energy sources (e.g., new renewables), 

as well as conservation and efficiency (e.g., behavioral adjustments and building retrofits). 

 

Even now tremendous investment in low-carbon renewable energy technologies such as wind 

and solar is being made, with outlays peaking in 2015 at $323.4 billion and annual installed 

capacity reaching a record 157 gigawatts in 2017 (Bloomberg New Energy Finance, 2018). 

Although market forces have certainly played a role in this trend, public policy interventions 

hold a central place in spurring low-carbon investment (REN21, 2017) – one that is expected to 

continue if global targets are to be met (Figueres et al., 2017). Governments at all levels have 

taken steps to put in place climate plans and specific measures to reduce GHG emissions 

(Wiseman et al., 2013), with support for new renewable energy sources appearing prominently 

among these actions (Jacobsson and Lauber, 2006; Stokes, 2013). Yet, while investment and 

deployment trends might appear promising, far more will need to be done as fossil fuels continue 

to meet nearly 80% of final global energy consumption (REN21, 2017). Clearly, it will become 

increasingly important to accelerate low-carbon innovation and diffusion trajectories in the 

energy sector in order to drive down emissions in a manner consistent with climate targets and 

aspirations. 

 

2. The transition to a low-carbon energy future 
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2.1 What is a low-carbon transition? 

The changes that mark the shift to a low-carbon future are, however, not confined to 

technological advancement. Indeed, changes will pervade and fundamentally reshape interlinked 

societal arrangements (Foxon, 2011). Transformative changes will be required as carbon-

intensive energy systems relying on fossil fuels have persisted for multiple decades and have 

come to underpin the development of modern economies and lifestyles. According to Smil 

(2016), fossil fuel sources represent a cornerstone of present-day human civilization and will 

only be replaced over a protracted period of technical and social change given the scale at which 

they have penetrated every aspect of society. Consider, for example, how: the design of cities 

and norms about travel have developed alongside the diffusion of the gas-powered automobile 

(Geels, 2005a; Sheller and Urry, 2002); notions of comfort have become entwined with energy-

intensive indoor heating and cooling (Shove et al., 2014; Walker et al., 2014); the manufacture of 

products has come to rely on petrochemicals such as plastics (Center for International 

Environmental Law, 2017); and, important political and economic interests have cemented 

around fossil fuel-based resource exploitation (Haley, 2011) and electricity generation 

(Turnheim and Geels, 2012). 

 

Taken together, a rich body of research suggests that the present carbon-intensive manner in 

which energy is produced and consumed has become deeply embedded within social and 

economic structures as well as inextricably intertwined with longstanding interests, norms, and 

practices (Geels and Schot, 2007; Smith et al., 2005). Considering the extent of this 

embeddedness, movement toward low-carbon energy systems implies multiple decades of 

transformative change spanning technological innovation trajectories but also lifestyles, business 
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models, institutional structures, as well as economic and political arrangements. Prominent 

research calls for no less than a low-carbon transition, encompassing the long-term processes of 

fundamental social and technical change consistent with moving toward decarbonized societies 

(Geels et al., 2017a).  

 

A low-carbon transition refers to the way in which societal systems such as electricity and 

transport could move from carbon-intensive configurations to low-carbon arrangements over 

time. It implies modifications to the dominant ‘way of doing things’ that embraces not only 

technologies (e.g., the shift from gas-powered automobiles to electric vehicles) and 

infrastructures (e.g., fueling stations to charging stations) but also institutions (e.g., new policies 

to make up for lost government revenue from gasoline taxes), practices (e.g., changing behavior 

around travel to align with electric vehicle battery ranges), actors (e.g., a larger role for electric 

power providers in transport systems), and so on (Geels, 2004). That is, transitions are 

understood to be socio-technical in nature and concern the way in which basic societal functions 

are met (i.e., the societal provisioning of transport or heat) rather than more confined disruptions 

(e.g., at the level of the firm or supply chain).  

 

According to historical studies, transitions involve multiple decades of co-evolutionary changes 

in technology and society (see Martínez Arranz, 2017) that cannot be reduced to a single driver 

given the scale and scope of the systems undergoing change (Geels and Kemp, 2007). Rather, 

there are multiple drivers and complex feedbacks that open up transformative directions of 

change (Roberts et al., 2018). Take, for instance, the historical transition from horse-based 

transportation to gas-powered automobiles (see Geels, 2005). This shift was spurred not simply 
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by technological innovation around the internal combustion engine but also by business model 

innovation (e.g., the mass-production and mass-market focus of the Ford Model T), changes in 

cultural norms (e.g., mounting health concerns surrounding horse manure), and, perhaps most 

importantly, institutions (e.g., policies promoting the adoption of the automobile over 

alternatives). Government played an integral role in building out paved streets and highway 

systems, redefining streets as places for high-speed private travel rather than public gatherings 

and encouraging suburbanization through urban planning. The layering of interacting social and 

technical factors also marked transitions in oceanic shipping (Geels, 2002), mass production 

(Geels, 2006), and hygiene (Geels, 2005b), among many others (Martínez Arranz, 2017; 

Papachristos et al., 2013).  

 

2.2 Why is policy needed and why is it particularly difficult? 

Historical episodes of system change were, however, far from entirely conscious or deliberate 

affairs. These experiences were to a large extent marked by a layering of context-specific and 

historically contingent processes, along with the accumulation of choices and consequences 

(both anticipated and unanticipated) over time. While contingency and unintended consequences 

will also help shape the unfolding low-carbon transition, it must be a more conscious and 

deliberate societal project with policy acting as a central driver in promoting change at a pace 

consistent with averting the worst impacts of climate disruption (Kern and Rogge, 2016). And, 

given the scope of the climate challenge (fossil fuels underlie nearly every aspect of modern 

life), the profound social and technological changes needed to reorient society toward 

decarbonization cannot be left to markets alone. 
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This understanding is reflected across the literature, with research spanning diverse disciplinary 

perspectives placing great emphasis on the importance of climate policy frameworks in enacting 

low-carbon change. There is, for instance, wide agreement among economists that a broad-based 

price on GHG emissions will be central to promoting the necessary changes in technology, 

individual behavior, and business investments (Beugin et al., 2018; Howard and Sylvan, 2015; 

Stiglitz and Stern, 2017). Others propose that a range of policy measures such as regulatory 

instruments (e.g., the phase-out of coal or specific standards for low-carbon energy sources), 

technology support (e.g., research and demonstration funding for novel low-carbon possibilities), 

and sector-specific incentives (e.g., above-market rates for electricity from new renewables) will 

also be critical in accelerating innovation processes and bringing about a low-carbon transition 

(Jaccard, 2016; Kivimaa and Kern, 2016; Rogge et al., 2018). Even though there is much 

disagreement about what might constitute an appropriate policy response (e.g., the weight given 

to carbon pricing versus regulation or the level of a carbon price), there is nevertheless a growing 

consensus among experts that public policy at all levels will need to play a leading role in 

adjusting practices, technologies, business models, and rule systems in order to realize a low-

carbon future. 

 

Despite a recognition of the need for deliberate and conscious action, there are a variety of 

reasons why climate change poses a particularly difficult (or even ‘super wicked’) policy 

problem (Levin et al., 2012). Although distinct analyses and perspectives may highlight slightly 

different elements of this policy problem, several features are typically given prominence 

(Rosenbloom et al., 2019). The first relates to the temporal scope of the climate challenge. 

Climate change is playing out over multiple decades and even centuries as GHGs have been 
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accumulating since the industrial revolution and the impacts of current emissions will be felt far 

into the future (IPCC, 2014c). A credible policy response requires that costs be borne in the near-

term in order to avoid devastating consequences in the long-run (Stern, 2007). Political systems 

and even human cognition, however, are not well adapted to long-term considerations and 

privilege far shorter time horizons (Pahl et al., 2014).  

 

Second, moving away from existing arrangements implies a significant depth of technological 

but also social change (O’Brien, 2018). Responding to the climate challenge is not simply a 

matter of seamlessly switching between carbon-intensive technologies and emerging low-carbon 

innovations. Put simply, addressing this challenge is about transforming the core ways society 

functions: the way we produce goods, move people and products, build homes and plan cities, 

and so on. This degree of change means that policy and planning surrounding climate change is 

confronted with considerable complexity, reflecting multiple and interlinking adjustments in 

social practices and norms, infrastructures and technologies, markets and business models, as 

well as rules and regulations (Geels and Schot, 2007; Smith et al., 2005). And so, contemplating 

and pursuing the potential low-carbon societal arrangements of the future involves engaging with 

indeterminate combinations of social and technical elements. 

 

Third, given the multi-decadal timescale and degree of change required, there is considerable 

uncertainty about exactly how this transition will unfold (Hughes et al., 2013) or how decision-

makers might best move to realize possible low-carbon futures (Polasky et al., 2011). This is not 

only about the future of the climate system (e.g., temperature rise and impacts) but also relates to 

the factors driving emissions growth (e.g., economic growth) and influencing the adoption as 
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well as outcomes of policy responses (e.g., international climate agreements, economic shocks, 

the pace and direction of technological development, and environmental impacts). So, while 

transitions might be deliberate affairs, they are not scripted, deterministic, or linear (Geels, 2010; 

Geels et al., 2017b). Rather, responses to the climate challenge must continually contend with 

uncertainties and adapt to evolving circumstances. This also highlights the important place of 

experimentation and learning-by-doing in moving toward a low-carbon future (Hildén et al., 

2017; Hoffmann, 2012; Kivimaa et al., 2017; Rosenbloom et al., 2018b; Sengers et al., 2016). 

 

Fourth, climate change is marked by important political and distributional tensions. The burden 

of climate action, costs of the low-carbon transition, and impacts of climate disruption are not 

evenly distributed across time, geographic regions, economic sectors, or socio-economic strata 

(Mendelsohn et al., 2006; Tol et al., 2004). And, in light of the uncertainties and complexities 

that mark this policy problem, there are multiple competing visions for change that are tied to 

diverse interests (Curran, 2012; Eames et al., 2006; Lilliestam and Hanger, 2016). Even while 

the scientific basis of climate change may be clear (IPCC, 2013), the low-carbon transition and 

the direction it should take are politically contested given that alternative courses of action 

present vastly different implications for the distribution of costs and benefits across temporal, 

geographic, social, and economic domains (Meadowcroft, 2011). Consider, for instance, how a 

low-carbon transition that places emphasis on small-scale and distributed renewables might 

impact the nuclear energy industry, economies that rely heavily on this industry to generate 

wealth, and even individuals with livelihoods tied to this source of power. Political contests over 

the direction of low-carbon change not only link to potential innovation trajectories (the 

prospects for specific technologies) but also divergences about the guiding principles (equity or 
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efficiency), types of institutional arrangements (market-based or regulatory approaches), and 

patterns of ownership (small-scale distributed versus large-scale investor-led) that may best 

orient low-carbon change. And so, shifting arrays of societal actors seek to influence the 

orientation of climate policy and planning in ways that align with their perceived interests.  

 

The combination of the above features of the climate challenge – (i) the long timespan associated 

with this change, (ii) the depth of change required, (iii) the uncertainties and complexities 

involved, and (iv) deep political tensions – make the pursuit of low-carbon transitions 

particularly daunting. On the one hand, sustained and ambitious policy efforts are needed to 

drive fundamental changes across an array of societal sectors (from electricity to agriculture). On 

the other hand, profound uncertainties about the future course of technological, economic, and 

social development mean it is not possible to precisely foresee which responses are best able to 

deliver the low-carbon energy systems of the future. And, with this, there are multiple and 

contested visions for change and courses of action that have different distributions of costs and 

benefits for the interests involved. 

 

2.3 The increasing use of pathways to contemplate the low-carbon transition 

It is within this context that the concept of “pathways” has increasingly been drawn upon to 

engage with the low-carbon transition. Diverse constituencies have used this concept to frame 

the challenge of pursuing decarbonization, referring variously to the responses and actions (e.g., 

carbon pricing systems), technological and social innovations (e.g., electric vehicle diffusion), as 

well as broader patterns of change in natural and human systems associated with a shift toward 

desirable low-carbon arrangements. Climate policy frameworks have begun to use this concept 
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to encompass post-carbon societal development strategies (Wiseman et al., 2013). The concept 

of pathways is also playing an important role within a series of analytical approaches that 

explore the processes connecting current system configurations to alternative low-carbon system 

states and seek to inform climate planning (Geels et al., 2016a; Turnheim et al., 2015). 

 

With respect to these analytical approaches, there is growing interest in using the concept of 

pathways to capture the complexity and uncertainty of low-carbon transitions (see Figure 1). 

According to Swart et al. (2004, p. 137), a core task of these approaches is “to examine the range 

of plausible future pathways of combined social and environmental systems under conditions of 

uncertainty, surprise, human choice and complexity”. Modelling research, for instance, has 

considered long-term trajectories of GHG emissions (e.g., Moss et al., 2010; Nakićenović, 2000; 

van Vuuren et al., 2012, 2011) in order to inform climate impact assessments under different 

long-run atmospheric concentration and temperature levels (e.g., Hasegawa et al., 2014; Hayhoe 

et al., 2004; Xiong et al., 2007). Another strand of work has explored market and technological 

dynamics underlying movement toward potential low-carbon futures (e.g., Bataille et al., 2016; 

Jacobson et al., 2015; Jacobson and Delucchi, 2009; Morrison et al., 2015), assessing alternative 

mitigation options, relative abatement costs, and whether these options might be robust across 

multiple possible futures. Still others have examined interacting social and technical patterns of 

change within societal systems as they are reconfigured in a more sustainable fashion (e.g., Geels 

and Schot, 2007; Smith et al., 2005), shedding light on the general patterns that define transition 

episodes (e.g., Papachristos et al., 2013) along with potential strategies for unlocking processes 

of transformative change (Loorbach and Rotmans, 2010). 
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Figure 1: Scholarly works on "pathways" in the context of low-carbon transitions 

This figure illustrates how the concept of pathways has been increasingly called upon within the 

literature engaging with low-carbon transitions. Results are based on a keyword search1of the 

Scopus database of peer-reviewed academic research. After eliminating false positives and 

duplicates, 984 articles were captured. 

 

The concept of pathways has also gained prominence in political debate around climate-energy 

policy. At the international level, political leaders have recast development priorities in terms of 

pathways to low-carbon economies (G7, 2015; G8, 2008). The United Nations Secretary-General 

Ban Ki-moon, for instance, commended China’s mounting response to climate change by 

                                                 

1 In line with Rosenbloom (2017), the following keyword string was used to query the Scopus database: (TITLE-

ABS-KEY("low-carbon pathway*" OR "decarbonisation pathway*" OR "concentration pathway*" OR "emission* 

pathway*" OR "transition pathway*")) AND DOCTYPE(ar) AND SUBJAREA(MULT OR ENER OR ENVI OR 

ARTS OR BUSI OR ECON OR SOCI) AND LANGUAGE(english). 
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signalling that a “low carbon climate resilience development pathway is achievable” (UN News, 

2016a). Highlighting the interconnected nature of near-term interventions and long-term 

movement toward more desirable futures, the former president of the UN General Assembly 

similarly stated that “action now can create pathways out of our current crises and begin the 

transformation that our world desperately needs” (UN News, 2016b). At the national level, the 

United Kingdom’s Energy and Clean Growth Minister, for example, cited the need to “march 

now on a decarbonisation pathway right across the economy and right across the Government” 

(Mace, 2017). 

 

Aside from this high-level political rhetoric, the concept of pathways has come to form a part of 

low-carbon transition strategies and climate responses (Wiseman et al., 2013). Take, for 

example, the European Commission’s “Roadmap for moving to a competitive low carbon 

economy in 2050” (2011). This early effort sets out plausible low-carbon pathways for key 

sectors based on modelling and scenario analyses, identifying cost-effective solutions and 

averting potential carbon lock-ins. The United Kingdom has also drawn heavily on pathways as 

part of its “2050 pathways” (2013) and the more recent “Clean growth strategy” (2017). The 

former is a simulation, visualization, and communication tool that allows users to explore 

different possible emissions reduction pathways to 2050 based on choices about energy 

technology alternatives. This reflects the multitude of directions low-carbon change could take as 

well as the important role of choices about energy sources. With respect to the latter, the strategy 

examines a range of pathways to a low-carbon economy informed by modelling exercises and 

marginal abatement cost-curves for different innovations. Not only does it seek to address 

climate change commitments (e.g., aligning with the UK carbon budgeting process) but also 
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brings together industrial development and other societal priorities. From this, a sectoral 

breakdown of promising innovation and business opportunities is outlined (e.g., growing low-

carbon energy sources in the power sector and supporting innovation around zero-emission 

vehicles in the UK automotive industry) along with phased government actions to unlock these 

possibilities (e.g., renewable energy incentives and R&D spending on vehicle innovation). Other 

prominent policy frameworks are also taking up pathways to encompass long-term climate action 

(Environment and Climate Change Canada, 2016; Federal Ministry for the Environment, Nature 

Conservation, Building and Nuclear Safety, 2016; Ministère de la Transition écologique et 

solidaire, 2017; The Generation Energy Council, 2018). 

 

Key actors and organizations involved in shaping the decision-making process have also actively 

used pathways as an analytical approach and problem frame. Most notably, the 

Intergovernmental Panel on Climate Change (2014b) has widely used pathways in their 

modelling work exploring emission trajectories – referred to as “representative concentration 

pathways” – under a range of conditions. The International Energy Agency (2017) has also taken 

up pathways to investigate energy sector development in the context of climate change. 

Moreover, the Deep Decarbonization Pathways Project (2015) has used pathways in their 

modelling exercises scrutinizing potential abatement options. Part of the goal here is to inform 

policy by identifying robust innovations and responses across a variety of future circumstances 

consistent with climate change commitments. The Solutions Project (2016) has, in contrast, 

developed future pathways for an array of national energy systems based on a preferred 

configuration of wind, water, and solar power. Many other notable initiatives have used 

pathways as an analytical device to envision or assess potential solutions to the decarbonization 
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challenge (e.g., Candy et al., 2017; Greenpeace International and European Renewable Energy 

Council, 2007; McKinsey & Company, 2009; World Economic Forum, 2018). Broader societal 

actors are also adopting pathways approaches as part of climate change engagement, including 

for example actors in the oil and gas industry who are exploring a range of pathways defined by 

alternative global trends, climate policies, and energy mixes (BP, 2017; Shell, 2018). 

 

From this, decarbonization pathways (broadly conceived) appear to be situated at the intersection 

of courses of societal development and courses of action. Put simply, pathways bridge past, 

present, and future to contemplate the intentional pursuit of low-carbon transitions – considering 

innovative possibilities and responses to reorient society toward decarbonization. And, in this 

fashion, they are entwined with critical questions such as: where we are (as a jurisdiction, 

society, or even planet) and where we are going, what is and what could be, which possible 

future should be pursued and how best might it be reached? Policy and politics play a central role 

in responding to these questions. Indeed, it is in the realm of policy that low-carbon transitions 

are being envisioned, assessed, enacted, and contested.  

 

3. Research problem, objectives, and questions 

The above discussion suggests that pathways are playing an important role in the governance and 

analysis of low-carbon transitions. It is also apparent that, to date, there is limited consistency in 

the use of this concept as a critical problem frame or as part of relevant analytical approaches 

and policy responses. Indeed, the concept has yet to be explicitly or deeply interrogated. 

Moreover, while a considerable body of work emphasizes the technological and geophysical 

dimensions of decarbonization pathways, somewhat less has been done to engage with the 
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political domains underlying this transformative pursuit (Geels et al., 2017b, 2018; Keary, 2016; 

Li and Strachan, 2017; O’Brien, 2018). So, while pathways are increasingly becoming entwined 

with the pursuit of low-carbon transitions, more can still be done to deepen our understanding of 

the concept and further capture the multiple dimensions entailed by low-carbon change.  

 

In response, this dissertation: (1) scrutinizes how the concept of “pathways” is understood within 

climate-energy policy and analysis; and (2) attends to the struggles involved in pursuing 

potential pathways to carbon-neutral energy systems. Two overarching and interrelated research 

questions orient this work. First, how are pathways understood in the context of the low-carbon 

transition? And second, how are the socio-technical responses that help make up these pathways 

contested and shaped through politics?    

 

4. Theoretical perspectives: transitions studies and complementary discursive perspectives 

In order to explore the abovementioned research questions, this thesis draws upon theoretical 

insights from transitions studies and seeks to enrich this body of work with discursive 

perspectives. Transition studies form the theoretical backbone of this dissertation, with 

discursive approaches providing complementary insights and tools to more deeply engage with 

the politics of transitions. This section begins by discussing transition studies, outlining 

foundational concepts, prominent perspectives, and key debates surrounding this research 

tradition. The discussion then moves to consider the way in which discursive perspectives could 

enrich transition studies. This union of approaches helps to highlight and further interrogate four 

interacting political domains of low-carbon transitions: ideas, institutions, interests, as well as 

innovations and infrastructures. 
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4.1 Transition studies 

Over the past two decades, transition research has emerged as an increasingly important 

interdisciplinary field of study focused on analyzing processes of system change to address 

sustainability challenges such as climate change (Markard et al., 2012). Informed by diverse 

theoretical perspectives from evolutionary economics (e.g., Nelson, 1994; Nelson and Winter, 

1982, 1977), innovation (e.g., Bijker et al., 1987; Dosi, 1982; Hughes, 1987), and complex 

systems (e.g., Giddens, 1984), transition studies have developed a series of useful insights about 

the way in which established societal arrangements move from one configuration to another over 

time in such a fashion as to address pervasive environmental challenges (Grin et al., 2011a). 

Broadly, transitions can be understood as “transformation processes in which society changes in 

a fundamental way over a generation or more” (Rotmans et al., 2001, p. 15) or “transformations 

in the way societal functions such as transportation, communication, housing, feeding, are 

fulfilled” (Geels, 2002, p. 1257). These episodes of transformative change involve “alterations in 

the overall configuration of… systems, which entail technology, policy, markets, consumer 

practices, infrastructure, cultural meaning and scientific knowledge” (Geels, 2011, p. 24). In this 

way, sustainability transitions “are long-term, multi-dimensional, and fundamental 

transformation processes through which established socio-technical systems shift to more 

sustainable modes of production and consumption” (Markard et al., 2012, p. 956). The following 

discussion will elaborate the foundational concepts underpinning transition studies, briefly 

outline the core perspectives that have emerged within this field of study, and trace relevant 

debates surrounding transitions research. 
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Foundational concepts. The first foundational concept in transition studies relates to co-

evolution (Geels, 2005b; Grin et al., 2011a; Kemp et al., 2007). In the broadest sense, co-

evolution refers to the way in which the development of society and technology are deeply 

interwoven. As Silva and Stocker (2018, p. 62) note, “society and technology mutually shape 

each other, instead of one determining the other”. In this understanding, patterns of social and 

material organization are inextricably interlinked and must be examined together in order to 

meaningfully understand the long-term course of societal development and how transitions to 

sustainability may unfold (Foxon, 2011). Transition scholars, therefore, speak of transitions as 

socio-technical processes that not only involve changes in technology but also the economic, 

political, and social features underlying society (Berkhout, 2008).  

 

In a more precise sense, the concept of co-evolution directs attention toward the interconnected 

social and material configurations that seamlessly interact to meet certain societal functions (e.g., 

electricity provision or transport) and must undergo change to resolve severe ecological 

challenges (Geels, 2004). That is, transitions are principally concerned with socio-technical 

systems composed of a variety of tightly interrelated social and material elements that have 

become deeply engrained within the fabric of society, representing the dominant ‘way of doing 

things’. These systems embrace institutions and rules, norms and practices, politics and power 

relations, technologies and infrastructures, markets and ownership, as well as many other factors. 

Consider, for instance, the seamless way in which assemblages of centralized fossil fuel-based 

power plants, transmission and distribution lines, along with electric power markets function 

together in providing electricity services. 
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A second conceptual underpinning of transition studies concerns the processes of continuity 

underlying and helping to stabilize dominant and unsustainable socio-technical system 

configurations. Processes such as lock-in (Unruh, 2000) and path-dependency (Berkhout, 2002) 

form central tenets of transition studies, explaining the predominance of incremental trajectories 

of innovation and how carbon-intensive courses of societal development persist in the face of 

more sustainable alternatives. As transition studies draw from an extensive body of perspectives 

on continuity (Arthur et al., 1987; Dosi, 1982; Mahoney, 2000; North, 1990; Pierson, 2000; 

Unruh, 2000), here I provide only a relatively broad overview of the key ideas commonly used to 

explain the reproduction of established (and often unsustainable) socio-technical systems 

(Foxon, 2002; Klitkou et al., 2015).  

 

Transition studies recognize that certain socio-technical system configurations tend to persist 

over long periods of time – they gather momentum, become deeply entrenched, and are 

increasingly difficult to dislodge as time passes (Klitkou et al., 2015). According to Unruh 

(2000), the stability promoting mechanisms underlying a socio-technical system configuration 

can be usefully summarized in terms of: (1) the vast sunk costs associated with current 

technological and institutional arrangements, (2) the accumulation of experience around 

established technologies and institutions, (3) self-fulfilling expectations about the persistence of 

these arrangements, and (4) increasing benefits of moving in the established direction – e.g., 

standardization and access to financing. Beyond these four mechanisms, others note that specific 

institutional and technological arrangements tend to become accepted as natural the longer they 

are in place, possible alternative institutional and technological trajectories are not equally viable 

at any point in time, and there are often mutually reinforcing dynamics between a given 
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institutional or technological setup and its beneficiaries – i.e., vested interests (Roberts et al., 

2018; Rosenbloom et al., 2019; Schmidt and Sewerin, 2017). In this view, existing system 

configurations tend to be reproduced by a variety of interlinked social and material forces that 

are both structural as well as agential in nature – enmeshed, interacting, and often mutually 

supporting sets of rules, technologies, infrastructures, practices, ownership structures, actor 

networks, and many other factors (Geels et al., 2016b). 

 

A third conceptual element revolves around systems level change (Geels, 2005c). As mentioned, 

transitions concern the way in which societal functions are fulfilled and relate to changes in 

socio-technical systems such as transport, agriculture, and electricity. Studying transitions, 

therefore, involves scrutinizing change at the level of systems as opposed to more limited 

adjustments in specific technologies, products, or supply chains. Given the deeply embedded 

nature and enmeshed supporting features of carbon-intensive socio-technical systems, transition 

studies tend to be predicated on the notion that moving toward sustainability entails a radical 

shift in the configuration of socio-technical elements making up these systems (Martínez Arranz, 

2017). Consider, for instance, movement away from centralized infrastructure and large power 

producers in the electricity system toward distributed electricity sources, local ownership, and 

consumer participation (Lilliestam and Hanger, 2016). This degree of complex and pervasive 

change stands in contrast to more incremental adjustments, which may lead to correspondingly 

smaller environmental improvements (e.g., end of pipe solutions).  

 

A fourth foundational concept within transition studies concerns temporality. Transitions are 

understood as taking place over multiple decades and involving an accumulation of change over 
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time. While proximate developments may punctuate the course of societal development and 

particular directions of socio-technical change, transition processes are regarded as involving 

multiple phases and sequences of change that span decades (Grin et al., 2011a). Drawing on the 

innovation diffusion curve (Rogers, 1983), Rotman et al. (2001) suggest that transitions occur 

over four phases: (1) predevelopment, (2) take-off, (3) acceleration, and (4) stabilization. Asquith 

(2017) and Geels et al., (2017b) follow a similar line of thinking and propose a slightly varied 

processual model, suggesting that transitions unfold as radical innovations: (1) emerge at the 

fringes of the existing socio-technical system; (2) gain momentum as they establish small 

footholds in market niches; (3) challenge the dominant system configuration as they break 

through; and (4) realize deep changes within the socio-technical system as widespread adoption 

occurs. Still others (Rosenbloom and Meadowcroft, 2014) propose that system configurations: 

(1) may become destabilized as problems are revealed and pressures mount; (2) enter a period of 

flux as an inflection point is reached based on intensifying pressures; (3) encounter rising 

contests as challengers and incumbents vie to promote alternative models for reconfiguring the 

system; and (4) eventually crystallize around a new model. More granular stages have also been 

introduced that elaborate particular transition phases such as destabilization (Turnheim and 

Geels, 2012). Importantly, transitions do not necessarily follow a set sequence of phases and may 

combine certain elements or even regress in some cases (Grin et al., 2011a). From this, debates 

have emerged about where we are located in these sequences, where we are headed, and how fast 

we might get there (Markard, 2018; Sovacool, 2016; Sovacool and Geels, 2016).  

 

Temporality, however, not only relates to general phases but also the specific dynamics that 

shape transitions. Indeed, transitions are defined by sequences of choices and system interactions 
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along with the sedimentation of outcomes (Foxon et al., 2013; Rosenbloom et al., 2018a). And 

so, different directions of change may unfold based on the timing and nature of these system 

interactions (Geels and Schot, 2007). 

 

Prominent transition perspectives. The above foundational concepts are shared among a 

number of useful transition perspectives that have gained prominence over the past two decades. 

According to Markard et al. (2012), the primary transition approaches include the multi-level 

perspective (Geels, 2011, p. 201, 2002; Geels and Schot, 2007; Smith et al., 2010), transition 

management (Kemp et al., 2007; Loorbach and Rotmans, 2010; Rotmans et al., 2001), strategic 

niche management (Kemp et al., 1998; Schot and Geels, 2008; Smith, 2007), and innovation 

systems (Bergek et al., 2008; Hekkert et al., 2007; Hekkert and Negro, 2009). While each of 

these frameworks may emphasize slightly different aspects of sustainability transitions, they are 

largely complementary. 

 

The multi-level perspective represents a central theoretical framework in transitions research. 

According to this perspective, transitions can be conceptualized in terms of interactions among 

multiple dimensions: niches, regimes, and the landscape (Geels, 2002; Geels and Schot, 2007). 

Niches are composed of emerging socio-technical innovations such as new low-carbon practices 

and technologies, supported by evolving networks of actors, that challenge dominant and 

unsustainable arrangements. They are often considered to be a locus of systems level 

discontinuity. Regimes embrace the dominant configuration of socio-technical components –

rules, institutions, and actor networks but also interrelated infrastructures, material assets, and 

technological artefacts – that work in concert to meet a particular societal function. These 
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configurations display path-dependent features (e.g., sunk costs) that constrain choices in such a 

way as to reproduce existing innovation trajectories and carbon-intensive arrangements 

(Berkhout, 2002b; Unruh, 2000). The landscape encompasses broader developments and trends 

(e.g., acute market shocks and changing political administrations but also more gradual shifts in 

culture) that may help to reinforce or place pressure on established configurations. Transitions 

are considered to arise from the interactions and alignments among niche dynamics, internal 

regime-level processes, and landscape developments. What this model emphasizes is that there is 

“no simple ‘cause’ or driver in transitions” and that “system innovations come about through the 

interplay between processes at different levels and in different phases” (Geels and Kemp, 2007, 

pp. 443–444).  

 

Strategic niche management focuses on the formation of niches as a way to promote shifts from 

current regimes to more sustainable configurations in the future (Kemp et al., 1998). Niches are 

regarded as a central driver of radical (in contrast to incremental) change (Raven, 2005), acting 

as the primary seeds of system transformation and source of path-breaking innovation (Sengers 

et al., 2016). These spaces offer protection from the harsh competitive pressures of the selection 

environment embodied by the dominant system configuration (Smith and Raven, 2012). By 

shielding emerging innovations from competitive pressures, they afford innovators an 

opportunity to foster the development of novel technologies and practices until they begin to 

crystallize around new models for meeting a societal function capable of challenging the 

incumbent configuration. Niches nurture innovations through a variety of processes, including 

learning-by-doing and networking (Schot and Geels, 2008). The deliberate creation and support 

of niches through policy intervention (e.g., modifying institutional and infrastructural 
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commitments) is, therefore, given particular prominence (Kemp et al., 2001). Consider, for 

instance, how incentive programs for net-zero energy buildings (Brown and Vergragt, 2008) or 

alternative forms of mobility (Ceschin, 2014) can create opportunities for experimentation. The 

aim of these interventions (e.g., favorable financing arrangements) is to encourage protective and 

nurturing processes, while progressively removing support in order to allow innovative socio-

technical models to scale up and become increasingly embedded at the regime level (Sengers et 

al., 2016).  

 

Transition management draws together transition ideas and governance approaches to develop a 

“practice-oriented model for influencing ongoing transitions into more sustainable directions” 

(Markard et al., 2012, p. 958). This somewhat more applied approach seeks to develop a 

management strategy that offers guidance to decision-makers and societal actors interested in 

realizing transitions in complex systems (Rotmans et al., 2001). It is principally concerned with 

deliberately guiding transitions along desirable trajectories (Meadowcroft, 2009). 

Acknowledging that the full control of transitions is not possible, the aim here is rather to 

“manage these problems in terms of adjusting, adapting and influencing by organizing a joint 

searching and learning process, focused on long-term sustainable solutions” (Grin et al., 2011b, 

p. 140). From a considerable body of action-oriented research and experience surrounding 

sustainability initiatives, an approach has taken shape that advocates bringing together innovators 

(pioneers and niche players) in a process of visioning, co-learning, and monitoring. The general 

approach unfolds as follows: “(i) structure the problem in question and establish and organize the 

transition arena; (ii) develop a transition agenda, images of sustainability and derive the 

necessary transition paths; (iii) establish and carry out transition experiments and mobilize the 
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resulting transition networks; (iv) monitor, evaluate and learn lessons from the transition 

experiments and, based on these, make adjustments in the vision, agenda and coalitions” 

(Loorbach and Rotmans, 2010, p. 238). In the same vein as strategic niche management, this 

practice-oriented process creates space for agents of change to develop alternatives that may 

begin to challenge unsustainable regimes (Rotmans and Loorbach, 2009). 

 

The innovation systems perspective focuses on the development of innovations and the 

institutional systems in which they are embedded. This highlights both the “emergence of novel 

technologies and the institutional and organizational changes that have to go hand in hand with 

technology development” (emphasis added; Markard et al., 2012, p. 959). Building on the 

concept of national innovation systems (Dosi et al., 1988; Freeman, 1987; Lundvall, 1992), this 

perspective attends to the ecosystem of institutional features that enable processes of innovation 

and encourage economic growth. A prominent strand of this research aims to elaborate the 

critical functions that institutions must carry out in order to support the development and 

diffusion of emerging technologies that hold promise in addressing ecological concerns (Hekkert 

et al., 2007; Hekkert and Negro, 2009). These functions include: (1) entrepreneurial activities 

(the presence of entrepreneurs who leverage new technologies, knowledge, networks, and 

markets to create business opportunities); (2) knowledge development (learning mechanisms 

such as learning-by-doing); (3) knowledge diffusion through networks (diverse actor networks 

engaged in the active exchange of information to inform actions); (4) guidance of the search 

(activities that help guide the direction of change and shape expectations such as deployment 

targets); (5) market formation (the creation of niches within which more sustainable innovations 

can develop); (6) resource mobilization (human and financial capital inputs); and, (7) creation of 
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legitimacy (advocacy coalitions helping to catalyze change and defend against resistance from 

incumbents). The specific institutional structures and functions that act as barriers to radical 

innovation are a central concern of this work (Negro et al., 2012, 2007), which has been used to 

identify sites where policymakers might intervene to unlock more transformative trajectories of 

change (Wieczorek and Hekkert, 2012). In this way, there is a growing interest in considering the 

environmental outcomes associated with particular systems of innovation and their role in 

supporting or limiting the adoption of change processes toward sustainability (Markard et al., 

2012).  

 

Relevant debates. While transition studies have received much interest and show particular 

promise in analyzing sustainability challenges such as climate change, they have also been 

subject to a number of criticisms (e.g., Genus and Coles, 2008; Markard and Truffer, 2008; 

Shove and Walker, 2007; Smith et al., 2010, 2005). As these criticisms are far ranging (from 

attending to the geography of transitions to the operationalization of key concepts) and have 

prompted a number of enhancements (Coenen et al., 2012; Geels, 2011; Geels et al., 2016b; 

Markard et al., 2015), this discussion will focus on two strands of debate that are particularly 

relevant for this thesis. These debates revolve around a potential bias toward niche-driven change 

processes (Berkhout et al., 2004; Markusson et al., 2012) as well as attending more closely to the 

role of politics and agency within transitions (Meadowcroft, 2011, 2009; Shove and Walker, 

2007; Smith et al., 2010). 

 

With respect to the first debate, early transitions studies tended to foreground niche-level 

processes (e.g., the role of challengers and the accumulation of market share for novel 
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innovations) as critical factors in driving systems change (Geels, 2002; Kemp et al., 2001, 1998). 

Responding to this “bottom-up niche bias” (Geels, 2011, p. 32), a considerable body of research 

has emerged which explores “whether there may be a greater plurality of possible transformation 

pathways” (Berkhout et al., 2004, p. 48). This work accounts for more differentiated sites of 

change and complex patterns of interaction (Geels et al., 2016b; Geels and Schot, 2007; Smith et 

al., 2005). Based on historical observations (e.g., Geels, 2005a), multiple patterns of system 

change (i.e. “transition pathways”) have been identified which offer lessons for unfolding 

sustainability transitions. A range of studies have leveraged these lessons to grapple with 

movement toward sustainability, examining in greater detail what this type of change might look 

like and how it might be facilitated (e.g. Foxon, 2013; Geels et al., 2016a; Turnheim et al., 

2015). From this, transitions studies have shown that transition pathways: are not comprised of 

one dominant pattern (e.g., niche-driven change) but rather involve a plurality of possibilities and 

cascading interactions that can manifest in vastly different directions of change (Geels and Schot, 

2007; Smith et al., 2005); are deeply temporal as they involve sequences of choices (around 

institutional and technological arrangements, in particular) and consequences over many rounds 

of action that branch in different directions (Foxon et al., 2013; Rosenbloom et al., 2018a); and, 

embody processes of both continuity and discontinuity – they exhibit path dependent features but 

also allow for path creation opportunities (Geels et al., 2016b). Pathways, in this view, concern 

“decision making at critical points” (Foxon et al., 2013, p. 156) and “event-chains and rounds of 

moves and counter-moves” (Geels et al., 2016b, p. 898), particularly with respect to key sites of 

contestation (e.g., institutional and infrastructural commitments around climate and energy).  
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The second key debate engages more deeply with these sites of contestation by elaborating the 

politics of transitions. Over the past decade, transition perspectives have been criticized for not 

always attending closely enough to the politics of shifting societal systems toward sustainability. 

Some have, for example, raised questions about how transition management confronts the issues 

of power, normativity, and conflict (Meadowcroft, 2009, 2007; Shove and Walker, 2007). Still 

others have suggested that the multi-level perspective emphasizes structural factors and allows 

less space for agency (Genus and Coles, 2008; Smith et al., 2005). This has led to calls (from 

Meadowcroft, 2011, among others) for the development of more politically-sensitive transition 

approaches that attend more carefully to the interactions among core political domains: interests 

(strategies and positions of political actors), institutions (layered norms, practices, and relations 

of power), and ideas (frames of reference that shape problem definitions and solution spaces). In 

response, politics and agency have emerged as central concerns in transition studies (Köhler et 

al., 2019).  

 

Of the growing body of work that has taken shape as part of this ‘political turn’, two strands are 

particularly prominent. The first engages more deeply with agency, elaborating the way in which 

actors interact and strategically seek to influence transition processes (Berggren et al., 2015; 

Geels, 2014; Hess, 2016; Ingram et al., 2015; Smink et al., 2015). The second explores 

complementarities among transition perspectives and political science approaches to develop 

more politically-informed transition studies (Cherp et al., 2018; Kern and Rogge, 2018; Roberts 

et al., 2018; Rosenbloom et al., 2019). 
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With respect to the first strand, a growing body of research has emerged that elucidates the 

strategic positioning of actors around alternative transition pathways. Recent work has, for 

instance, elaborated the considerable resistive capabilities of actors aligned with the regime, 

indicating that incumbent actors often form close alliances with decision-makers to perpetuate 

carbon lock-in (Geels, 2014) and that these actors may limit or channel the diffusion of low-

carbon innovations in ways that are amenable to their interests (Smink et al., 2015). Others make 

comparable observations but call attention to the varied strategies employed by incumbent actors 

as they are active at both regime and niche levels (Berggren et al., 2015; Ingram et al., 2015). 

Importantly, Fuenfschilling and Truffer (2014) suggest that there can be tensions between the 

different actors and institutional logics surrounding the regime. This not only reinforces the 

notion that actor orientations are semi-coherent (actor positions can be dynamic and conflicting) 

but also points to potential cleavages and nascent pressures building within fossil fuel-based 

systems that could be strategically opened up.  

 

In relation to the constellations of actors surrounding the niche, transition studies have pointed to 

the varied positions these actors adopt in relation to protective spaces for low-carbon innovations 

(Raven et al., 2016; Smith and Raven, 2012). They show that, despite holding a general 

alignment with particular clean energy niches, actor networks can adopt different orientations in 

regard to policy support, innovation trajectories, as well as uptake and market integration. Still 

others shed the “niche-regime dichotomy” to reflect the complex and dialectical relationship 

between contending interests in driving change processes, locating the politics of transitions 

within broader multi-actor interactions (Avelino et al., 2016, p. 558). Together, this points to the 
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diverse strategies employed by contending actors as they leverage their resources (ideational, 

material, and so on) to open, block, or influence change processes. 

 

In regard to the second strand, new research agendas have emerged which seek to unlock 

complementarities among transition and political science perspectives (Cherp et al., 2018; 

Roberts et al., 2018). Scholars have drawn on historical institutionalism (Lockwood et al., 2017), 

discursive institutionalism (Kern, 2012), and policy process theories (Kern and Rogge, 2018), 

among many other approaches, to enhance the political sensitivity of transition studies. As part 

of this, Geels (2010) and others (Kern and Rogge, 2018) have argued that discursive approaches 

can usefully complement transition perspectives, with a number of transition-discourse 

crossovers demonstrating the fruitfulness of this integration. Geels and Verhees (2011), for 

instance, develop a cultural performative approach to explicate the way in which actors build and 

maintain legitimacy around technologies and their associated development trajectories. Smith et 

al. (2014) draw on discourse to explore how advocates of emerging innovations undertake 

narrative work to build legitimacy for alternative transition pathways by linking the socio-

technical features of technologies to the context in which they diffuse. Bosman et al. (2014), on 

the other hand, adopt discursive techniques to refine the regime concept through an investigation 

of the language used by incumbent actors in relation to energy development, identifying the 

fragmentation of storylines used by incumbents and pointing to emerging conditions for regime 

destabilization. Similarly, Rosenbloom et al. (2016) employ a discursive approach to examine 

the active and creative use of storylines in struggles over the legitimacy of low-carbon 

innovations. Building on these efforts, more recent work examines the framing contests 

surrounding the diffusion of emerging innovations (Ganowski et al., 2018; Mallett et al., 2018), 
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the coherence of dominant discourses (Leipprand and Flachsland, 2018; Roberts, 2017), and the 

positioning of actors within discursive struggles around innovations (Falcone et al., 2018). 

 

4.2 Enriching transition studies with complementary discursive perspectives 

As the above discussion indicates, discursive approaches are playing an increasingly important 

role in transition studies. With this, transition research has made considerable progress in 

foregrounding political dynamics and addressing earlier criticisms concerning politics and 

agency. Yet, more can still be done to attend to the politics of transitions by drawing on 

discursive traditions.  

 

Within the wider literature on environmental policy and politics, discourse has attracted 

considerable and sustained interest as “it appreciates the messy and complex interactions that 

make up the environmental policy process” (Hajer and Versteeg, 2005, p. 176). A number of 

particularly prominent contributions have emerged in this area, including, for example, Hajer’s 

(1993) seminal analysis of actor coalitions involved in (re)producing particular narratives around 

acid rain, along with the work of Dryzek (2012) and Hajer (1995) on broader environmental 

discourses and actor dynamics. Others have used discursive approaches to explore critical frames 

with implications for the environment such as ‘transitions’ (Smith and Kern, 2009) and ‘the 

sharing economy’ (Martin, 2016). Beyond this, studies have drawn upon discourse to explore the 

politics surrounding specific policy instruments (e.g., Ascui and Lovell, 2011) and innovations 

(e.g., Cotton et al., 2014). In this fashion, discursive perspectives have helped inspire many rich 

strands of research around environmental challenges (Hajer and Versteeg, 2005).  
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In the transition literature, existing studies drawing on discursive perspectives (e.g., Audet, 2016; 

Mallett et al., 2018; Späth and Rohracher, 2010; Stephens et al., 2008; Teschner and Paavola, 

2013) link to an array of traditions, spanning from linguistics (Lakoff and Johnson, 1980) to 

communications (Gamson et al., 1992; Gamson and Modigliani, 1989) to anthropology 

(Mühlhäusler and Peace, 2006) to political and policy studies (Dryzek, 1990; Fischer and 

Forester, 1993; Hajer, 1995b; Schmidt, 2010, 2008). Given that this thesis concentrates on the 

policy and political dimensions of low-carbon transitions, the latter tradition is given particular 

emphasis. Broadly, this tradition recognizes the complexity of critical societal challenges and 

rejects more traditional explanations of policy and planning (Fischer and Forester, 1993). It is 

predicated on the notion that policymaking and policy analysis (around climate change, for 

example) are socially constructed, political processes that are shaped by competing 

interpretations, value judgements, and interests (Hajer, 1993).  

 

According to this research tradition, a particularly promising way to examine policy processes is 

by attending to the expression of ideas through language – discourse. In this view, discourse can 

be defined as “an ensemble of ideas, concepts and categories through which meaning is given to 

social and physical phenomena” (Hajer and Versteeg, 2005, p. 176). It provides a “framework 

for making sense of situations, embodying judgments, assumptions, capabilities, dispositions, 

and intentions” (Dryzek, 2006, p. 1). At base, discourse forms the basis for thinking about and 

acting in a complex world (Fischer and Forester, 1993).  

 

Perhaps most importantly, however, discourse is not simply a politically neutral repertoire for 

meaning-making (Stone, 2001). Rather, the use of ideas, concepts, and categories is a creative 
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and strategic process that embodies the “basic terms for analysis, debates, agreements, and 

disagreements” (Dryzek, 2006, p. 1). Indeed, because the physical world is complex and multiple 

interpretations coexist simultaneously, actors creatively and strategically leverage ideas, 

concepts, and categories to help construct social and physical realities in ways that advantage 

particular responses (e.g., technologies and policies) and interests (Hajer, 1995; Schön, 1993; 

Stone, 2001). Actors play a critical role here as they struggle over meaning in ways that seek to 

modulate the envelope of possibilities around policy problems, convince the public and decision-

makers of the (in)appropriateness of certain courses of action, and align policymaking outcomes 

with their perceived interests (Hajer and Versteeg, 2005). 

 

Taken together, this discussion points to the significant role of ideas in environmental politics 

and policy, in general, and low-carbon transitions, specifically. It also suggests that attending to 

discourse is a particularly promising way to capture the contests over ideas, concepts, and 

categories that help shape policy responses to climate change. That is, discursive approaches 

reveal how actors actively vie to influence the definition of climate-energy policy problems and 

privilege certain responses through a process of meaning-making. Moreover, scrutinizing the 

creative and strategic use of ideas can help capture how key concepts are used to frame 

ecological challenges, evolve over time, and are subject to continuous contestation and 

reinterpretation (Meadowcroft and Fiorino, 2017).  

 

This thesis seeks to enrich transition studies with discursive perspectives in order to further 

elucidate the political dynamics underlying transitions toward decarbonization. Drawing these 

perspectives together, a specific aim is to more explicitly reflect the role of the interacting 
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political domains mentioned earlier (ideas, interests, and institutions) in shaping low-carbon 

transitions. Yet, not only can attending to discourse gain further traction on these interacting 

political domains, it can also shed light on the way these domains impact and are themselves 

impacted by the material systems that are viewed as essential to low-carbon transitions: 

innovations and infrastructures (Foxon et al., 2013; Rosenbloom et al., 2018a; Schmidt and 

Sewerin, 2017). In this way, discursive perspectives show particular promise in revealing how 

actors actively use ideas to influence policy responses (commitments about institutions as well as 

innovations and infrastructures, in particular) in such a way as to reinforce their perceived 

interests (see Figure 2). Consider, for instance, how narratives about climate-energy problems 

(e.g., painting fossil fuel power sources as integral to electricity system reliability) may point to 

particular responses (e.g., institutional and infrastructural commitments around carbon capture 

and sequestration) that advantage certain interests (e.g., those aligned with fossil fuels) over 

others (e.g., distributed renewable energy power producers). Interrogating the use of language 

within climate-energy policy and planning may, therefore, help further elaborate the role of 

agency and politics in transitions, uncovering how actors strategically use ideas to influence the 

direction of system change.  
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Figure 2: Interacting political domains of low-carbon transitions 

This figure is adapted from Rosenbloom (2018) 

 

5. Research approach and overview of the three studies 

This section discusses the research approach and the three studies making up the core of this 

thesis. It begins by discussing some overarching choices related to research strategy. 

Subsequently, it provides a rationale for the three studies that constitute the thesis as well as the 

context in which two of these studies are embedded. Finally, an overview of the three studies is 

provided along with a discussion of the specific methodological tools deployed in each instance.  

 

5.1 Overarching research strategy 

The overarching research strategy adopted by this thesis is exploratory and interpretive. This 

orientation not only aligns with transition studies (Geels, 2010; Geels et al., 2016a; Turnheim et 

al., 2015) and discursive perspectives (Fischer, 2003; Hajer, 1995) but also the phenomenon 

under study. Geels (2011, p. 34), for instance, notes that the “appropriate application [of 
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transition perspectives] requires both substantive knowledge of the empirical domain and 

theoretical sensitivity (and interpretive creativity) that help the analyst ‘see’ interesting patterns 

and mechanisms”. Similarly, Fischer (2003, p. 140) argues for the “fundamental role of 

interpretive analysis in rendering the meaningful categories employed in understanding real life 

problems” – here, the climate challenge and what might constitute an appropriate response. 

Moreover, an exploratory posture aligns with the emergent and complex political properties of 

unfolding low-carbon pathways. As it is not yet possible to determine whether particular 

experiences will result in a low-carbon future, there is an important role for exploratory work 

that examines specific experiences that have the potential to do so and generates useful lessons 

for confronting this challenge. 

 

The three studies making up this thesis deploy varied research strategies and analytical 

approaches. Common to all, however, is the qualitative analysis of written sources, which is a 

staple of the explorative and interpretive traditions described above. Over 1000 documents were 

analyzed as part of this research program, including scholarly works, newspaper articles, 

government reports, and submissions to stakeholder consultations. The analysis principally 

revolved around the use of ideas in expert and popular discourse around climate-energy policy 

and planning, identifying emergent categories, actor positions, and the structure of arguments. 

Qualitative analyses were complemented by the use of descriptive statistics (e.g., frequency 

counts of certain actor positions or arguments), the analysis of energy data (e.g., electricity 

output or installed capacity), the analysis of imagery (e.g., different representations of pathways), 

and the development of diagrammatic illustrations (e.g., maps of actor positions or scientific 

contributions). Findings were continuously revisited in light of engagement with the empirical 
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data and the comments of thesis committee members, peer-reviewers, and experts at the 

conferences where this research was presented. 

 

The case study method also plays an important role in this research strategy. This method can be 

defined as the “intensive study of a single case for the purpose of understanding a larger class of 

cases” (Gerring, 2011, p. 1138). Transition research draws heavily on case studies as they help 

capture the contextual richness and complex patterns (e.g., co-evolutionary feedbacks) that mark 

processes of system innovation (Asquith et al., 2017; Geels, 2011, 2010; Sovacool and Hess, 

2017). Case studies are also integral to discursive techniques as they allow researchers to 

examine, in detail, the interactions around meaning-making and how these patterns are 

embedded in particular contexts (Fischer, 2003; Hajer, 2006). Perhaps most importantly, case 

study methods have considerable promise in generating “good examples” that can be used to 

distill lessons about the phenomenon of interest (Flyvbjerg, 2001). In this fashion, selecting 

critical or extreme cases may help “reveal more information because they activate more actors 

and more basic mechanisms in the situation studied” (Flyvbjerg, 2006, p. 78). This case selection 

approach resonates with the problem-oriented nature of transition scholarship – attention tends to 

be directed toward cases that hold particular promise for informing the pursuit of low-carbon 

pathways. This further aligns with the explicitly normative orientation of this program of 

research, which is inclined toward accelerating the low-carbon transition. 

 

Further discussions of research design are presented in the individual studies. 
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5.2 Rationale for the three studies making up the thesis 

Three articles make up the core of this thesis, each of which responds to one or more of the 

research questions outlined above (see Section 3) and makes a series of interrelated contributions 

to the literature (see the Conclusion). The first article is entitled “Pathways: an emerging concept 

for the theory and governance of low-carbon transitions” and appeared in Global Environmental 

Change. The second article is entitled “Framing low-carbon pathways: a discursive analysis of 

contending storylines surrounding the phase-out of coal-fired power in Ontario” and is published 

in Environmental Innovation and Societal Transitions. The final piece is entitled “A clash of 

socio-technical systems: exploring actor interactions around electrification and electricity trade 

in unfolding low-carbon pathways for Ontario” and is published with Energy Research & Social 

Science. 

 

These three studies were selected not only because they confront different parts of the questions 

that animate this research program but also because they emphasize different yet interrelated 

aspects of the political domains of low-carbon transitions identified as part of the theoretical 

discussion (see Section 4 and Figure 2). While all of the studies underscore the central role of 

ideas and discursive conflicts in transitions, paper 1 is particularly concerned with interrogating 

the interpretations and implications of an emerging concept that has come to frame the challenge 

of moving toward decarbonized futures: that is, the concept of “pathways”. Paper 2 highlights 

the role of ideational conflicts surrounding historical steps along a low-carbon pathway: the 

phase-out coal-fired power in Ontario. By examining these conflicts, this study elucidates how 

contending interests struggled over specific institutional and infrastructural commitments that 

would transform the electric power system. Paper 3 focuses on ideational struggles around 
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potential institutional and infrastructural commitments that might constitute future pathways 

toward decarbonization in Ontario, revealing how actors are beginning to position themselves in 

relation to policy options. In this fashion, paper 1 lays the groundwork for understanding the 

concept of pathways in the context of low-carbon transitions. Paper 2 then moves to explore a 

historical case of steps that have already been taken along a low-carbon pathway. Paper 3, in 

contrast, looks at a case of emerging steps that could be taken to move further along a low-

carbon pathway. 

 

The province of Ontario is an interesting context to study these dynamics for a number of 

reasons. First, transition studies have tended to focus on European jurisdictions. There are many 

cases examining unfolding low-carbon transitions in Germany (Leipprand and Flachsland, 2018), 

the United Kingdom (Foxon, 2013), the Netherlands (Raven, 2007), and other European 

locations (Bosman and Rotmans, 2016). In contrast, North American jurisdictions have been 

subject to somewhat less attention in transition studies (some exceptions include Haley, 2015; 

Hess, 2016; Rosenbloom and Meadowcroft, 2014). Therefore, examining climate-energy 

engagement in Ontario through a transitions lens represents a promising opportunity to explore 

less well studied empirical terrain. Second, the coal phase-out in Ontario has been called the 

“single largest GHG emissions reduction action on the continent”, resulting in an annual 

reduction of roughly 33 Mt of CO2eq (Ontario Ministry of Energy, 2015, p. 3). Not only does 

this represent a major GHG reduction effort, it is also an instance where a regulatory rather than 

market-based approach helped promote the journey to decarbonize energy systems. Shedding 

light on these dynamics is of particular relevance as international jurisdictions (Denmark, 

Britain, Finland, Germany, and others) embark upon similar initiatives. Lastly, Ontario has 
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concluded one of the most extensive stakeholder consultations in its history concerning climate-

energy planning as part of the 2017 Long-term Energy Plan (Ontario Ministry of Energy, 2016). 

This consultation captures a diversity of stakeholder voices and represents the first serious 

attempt in this jurisdiction to simultaneously contemplate the low-carbon future of multiple 

energy systems (electricity, heat, and transport). 

 

5.3 Overview of the three studies 

The first study examines the way in which diverse actors construct meaning around the concept 

of “pathways” in the context of the low-carbon transition. It engages with the first research 

question: how are pathways understood in the context of the low-carbon transition? It aims to 

expose the conceptions, maturation, and implications of this concept in both the practitioner and 

academic discourse surrounding climate-energy planning. To do this, it carries out a survey of 

the relevant climate change mitigation literature. A total sample of over 725 written sources was 

amassed based on a keyword search of the SCOPUS academic database, queries of the online 

document libraries of prominent actors (e.g., IEA and UNEP), reference tracking efforts 

(examining the works cited by selected sources), as well as expert opinion (the comments offered 

during the 2016 International Sustainability Transitions Conference and the peer review process). 

From this, three core conceptions of pathways are uncovered: biophysical, techno-economic, and 

socio-technical. These conceptions are constituted by diverse perspectives and approaches, with 

each emphasizing different yet interconnected dimensions of the decarbonization challenge. This 

paper also identifies several key attributes and functions of the concept of pathways, including 

mapping, planning, learning, bridging, and communicating. While this study suggests that the 

concept of pathways possesses a variety of useful features that recommend its use as a critical 
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problem frame for low-carbon transitions, it also points to a need for further reflexivity. If the 

concept is cast too strongly in terms of individual core conceptions, there may be a tendency to 

emphasize certain dynamics while paying somewhat less attention to others, inadvertently 

diminishing the complexity of the decarbonization challenge. This has the potential to obscure 

the sticky social factors and political conflicts inherent to decarbonization while foregrounding 

particular climate responses such as carbon pricing and technological change. There are also 

other facets of the concept that have to date received more limited attention, including the 

political dynamics underlying decarbonization (this thread is picked up in papers 2 and 3). Taken 

together, this exploration indicates that there is room for the concept of pathways to engage more 

fully with the range of complexities embodied by low-carbon transitions. 

 

Building on this, the second study explores political dynamics surrounding a historical episode of 

low-carbon change: the phase-out of coal-fired power in Ontario. In particular, it elaborates the 

discursive struggles that mark this experience. In this fashion, the paper engages with the second 

research question: how are the socio-technical responses that help make up low-carbon pathways 

contested and shaped through politics? Drawing on transition and discourse perspectives, it 

carries out an analysis of media articles based on a keyword search of the ProQuest Canadian 

Newsstream database. From this, a total sample of 345 newspaper articles were captured. A mix 

of thematic and content analysis techniques was used to identify and record the occurrence of 

prominent storylines. The approach adopted here captures the way in which contending actors 

frame issues and technologies, modulating possibilities and shaping the sequences of choices that 

link current societal arrangements to future low-carbon states. The study elaborates how the coal 

phase-out was defined by the negotiation among competing interests and priorities. It also 
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suggests that regulatory measures may help to accelerate the pace of transitions and succeed 

where market approaches are politically untenable. Broadly, results reveal how key political 

factors interact in constituting pathways to decarbonization. 

 

The third study investigates interactions among energy systems within the context of emerging 

low-carbon pathways. Drawing upon insights from transition studies and recent debates about 

‘disruption’, this study explores how different energy systems (electricity, transport, and heating) 

and their affiliated actors are interacting around key pillars of low-carbon pathways: expanded 

societal electrification and electricity trade. In this way, the paper responds to the second 

research question: how are the socio-technical responses that help make up low-carbon pathways 

contested and shaped through politics? In order to elucidate the abovementioned interactions, the 

study examines actor positions articulated during Ontario’s 2017 Long-term Energy Plan 

consultation that are drawn from three sources. First, formal written submissions to the 

consultation process. Second, publicly available reports commenting on the LTEP process. And 

third, commentary in the media in relation to the development of the energy plan. A keyword 

search of actor websites as well as the Canadian Newsstream database generated a sample of 51 

consultation submissions (in the form of policy reports, position papers, or formal letters), 21 

publicly available reports commenting on the LTEP process, and 66 newspaper articles. 

Informed by discursive and transition approaches, these written sources were analyzed to 

identify key actors and core affiliations. Actor positions were then identified based on coding 

relevant statements with respect to electrification of transport, electrification of heat, and 

electricity trade. Steps were taken to crosscheck these positions using additional academic 

sources. Findings indicate that emerging interactions around electrification of transport are 
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marked by less conflictual patterns in Ontario, whereas electrification of heat and electricity 

trade are characterized by deeper frictions. These alignment and tensions could be leveraged by 

actors seeking to accelerate low-carbon transitions in Ontario.  

 

6. Plan of the thesis 

The remaining components of the dissertation proceed as follows. Chapter 2 presents the first 

study, focusing on the concept of pathways in the context of low-carbon transitions. Following 

this, Chapter 3 outlines the second study, which investigates political dynamics surrounding the 

coal-phase out in Ontario. Chapter 4 then moves to the present the third study on energy system 

interactions in the context of unfolding decarbonization pathways. In Chapter 5, the thesis 

concludes by taking stock of the contributions of the three studies and reflecting upon future 

research directions. 
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Chapter 2 – Pathways: an emerging concept for the theory and governance of low-carbon 

transitions 
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See Appendix 1 for the full text.  
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1. Abstract 

The concept of “pathways” has increasingly come to frame the challenge of transitioning to low-

carbon societies. It also shows promise as a bridging concept, encouraging constructive dialogue 

among the diverse perspectives and constituencies evoking its use. However, its interpretations 

and attributes are rarely explicit and have yet to be subject to serious scrutiny. This raises 

important questions for both theory and governance as the way in which a problem is framed 

shapes how it is understood and addressed, structuring the possibilities considered and 

privileging certain responses. Therefore, this study explores the concept of pathways in the 

context of low-carbon transitions, exposing its conceptions, maturation, and implications. Based 

on a survey of the relevant climate change mitigation literature, this analysis uncovers three core 

conceptions of pathways in the context of low-carbon transitions: (1) biophysical, (2) techno-

economic, and (3) socio-technical. Constituted by diverse perspectives and approaches, each of 

these three core conceptions emphasize different yet interconnected dimensions of the 

decarbonization challenge. This analysis also points to several key attributes and functions of the 

concept of pathways. Yet, while the concept may possess a variety of features that recommend 

its use as a critical problem frame for low-carbon transitions, it also raises issues that suggest a 

need for further reflexivity. If the concept is cast too strongly in terms of individual core 

conceptions, there may be a tendency to emphasize certain dynamics while paying somewhat 

less attention to others, inadvertently diminishing the complexity of the decarbonization 

challenge. Beyond this, there are other facets of the concept that have to date received more 

limited attention, including the implications of choices at critical junctures and the evolving 

character of social practices. So, there is room for the concept of pathways to engage more fully 

with the range of complexities embodied by low-carbon transitions. 
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Chapter 3 – Framing low-carbon pathways: a discursive analysis of contending storylines 

surrounding the phase-out of coal-fired power in Ontario 
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1. Abstract 

Transition studies have made constructive efforts to attend more closely to the politics of 

sustainability transitions, with discourse emerging as an increasingly important means of 

interrogating these dynamics. Drawing on discourse perspectives, this study deploys the multi-

dimensional discursive approach to explore framing struggles surrounding a climate change 

mitigation experience of international significance (the phase-out of coal-fired power in Ontario), 

revealing how ideas, interests, institutions, and infrastructure (the four I’s of sustainable energy 

transitions) interact in constituting pathways to sustainability. This approach captures the way in 

which contending actors frame issues and technologies, modulating possibilities and shaping the 

sequences of choices that link current societal arrangements to future low-carbon states. The 

study elaborates how processes of negotiation among competing interests and priorities helped 

define the pathway to eliminate coal. It also suggests that regulatory measures may help to 

accelerate the pace of transitions and succeed where market approaches are politically untenable. 
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Chapter 4 – A clash of socio-technical systems: exploring actor interactions around 

electrification and electricity trade in unfolding low-carbon pathways for 

Ontario 

 

 

 

Published in Energy Research & Social Science 

Volume 49 

March 2019 

Pages 219-232 

 

 

 

Rosenbloom, D., 2019. A clash of socio-technical systems: exploring actor interactions around 

electrification and electricity trade in unfolding low-carbon pathways for Ontario. Energy 

Research & Social Science 49, 219–232. https://doi.org/10.1016/j.erss.2018.10.015 

 

See Appendix 3 for the full text.  

 

  

https://doi.org/10.1016/j.erss.2018.10.015


53 

 

1. Abstract 

Examining interactions within socio-technical systems forms a staple of the literature on 

sustainability transitions (e.g., interactions among low-carbon challengers and carbon-intensive 

incumbents in the electricity system). The interactions between multiple socio-technical systems 

have, however, received more limited attention (e.g., how different systems of energy provision 

might come into contact as part of a low-carbon transition). In response, this study draws upon 

insights from transition studies and recent debates about ‘disruption’ to consider how different 

energy systems (electricity, transport, and heating) and their affiliated actors are interacting 

around key pillars of low-carbon pathways: expanded societal electrification and electricity 

trade. These dynamics are explored in the context of Ontario, Canada as this province appears to 

be moving along a decarbonisation pathway that is anticipated to be widely reflected across 

transition contexts. Steps along this pathway include the decarbonisation of the electricity system 

(through the procurement of low-carbon supply from domestic generators and regional interties) 

followed by the electrification of broader energy end-uses. Based on the analysis of actor 

positions surrounding climate-energy planning in Ontario, findings indicate that emerging 

interactions around the electrification of transport are marked by greater alignments, whereas 

electrification of heat and electricity trade are characterised by deeper tensions. These patterns 

hold implications for the acceleration of low-carbon transitions. 
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Chapter 5 – Conclusion 

 

1. Taking stock 

This thesis explores the politics of decarbonization pathways, with a particular focus on the 

responses to and conflicts surrounding the transition to a low-carbon energy future. As part of 

this, the dissertation: (1) scrutinized how the concept of “pathways” is understood within 

climate-energy policy and analysis; and (2) further attended to the struggles involved in pursuing 

potential pathways to carbon-neutral energy systems. Two overarching and interrelated research 

questions have oriented this work. First, how are pathways understood in the context of the low-

carbon transition? And second, how are the socio-technical responses that help make up these 

pathways contested and shaped through politics? These questions have been addressed through 

three studies, which have been published in peer-reviewed academic journals and contribute to 

the literature on low-carbon transitions. 

 

The first study, entitled “Pathways: an emerging concept for the theory and governance of low-

carbon transitions”, scrutinizes the concept of pathways and reveals that it is playing an 

increasingly important role in contemplating the deep complexity and uncertainty entailed by a 

low-carbon transition. Through an extensive survey of the literature on climate change 

mitigation, this study uncovers different conceptions, attributes, and functions of the concept that 

recommend its use. However, certain limitations and gaps also exist that may be addressed 

through further engagement with the multiple dimensions and perspectives surrounding the low-

carbon transition. 
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The second study, entitled “Framing low-carbon pathways: a discursive analysis of contending 

storylines surrounding the phase-out of coal-fired power in Ontario”, examines the framing 

struggles marking the decline of coal-fired power in Ontario. Deploying a discursive analysis of 

media articles around this experience, the paper shows how actors strategically frame energy 

sources (coal, in this instance) to privilege certain institutional and infrastructural responses. It 

also indicates that discourse-transition crossovers hold promise in capturing interactions among 

the political domains that help shape low-carbon energy transitions: ideas, interests, institutions, 

along with innovations and infrastructures.  

 

The third and final study making up this thesis, entitled “A clash of socio-technical systems: 

exploring actor interactions around electrification and electricity trade in unfolding low-carbon 

pathways for Ontario”, investigates emerging patterns of interaction among transport, electricity, 

and heating systems in the context of the low-carbon transition. Attending to the statements 

articulated by actors during a prominent energy planning consultation, this study reveals how 

competing actors are positioning themselves around key pillars of low-carbon pathways: 

expanded societal electrification and electricity trade. Potential alignments and tensions among 

interests are identified with implications for climate-energy policy.  

 

In response to the research questions and objectives, this dissertation has interrogated the concept 

of pathways in the context of the low-carbon transition, examined the role it is playing around 

the climate challenge, and elaborated political dynamics helping to shape the course of low-

carbon development. Broadly, it has argued for further reflexivity and political sensitivity in the 

use and analysis of pathways. And, adopting a socio-technical conception of pathways, it has 
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mobilized and extended discursive-transition approaches to elucidate the way in which actors 

strategically use language to struggle over technology and policy responses in processes of 

decarbonization.   

 

Taken together, this program of research has generated theoretical advancements within the field 

of transition studies, made empirical contributions around transitions in the Canadian context, 

and offered lessons for policy and practice engaged with accelerating low-carbon transitions. 

While the individual articles making up this thesis offer a range of important insights, here I 

focus on two core contributions to the literature on low-carbon transitions. The first concerns the 

way in which diverse constituencies construct meaning around pathways in order to contemplate 

and act upon the low-carbon transition. The second revolves around elaborating how political 

contests help shape responses to and processes of decarbonization. 

 

2. A core contribution: understanding the concept of pathways 

The concept of pathways is playing an increasingly important role in the governance and theory 

of low-carbon transitions. On the one hand, the concept has gained prominence as a critical 

problem frame, taking its place alongside other key environmental concepts such as resilience 

(Folke, 2006), transitions (Silva and Stocker, 2018), and sustainability (Meadowcroft, 2000). An 

examination of academic and practitioner discourse surrounding climate change mitigation 

would suggest that broad constituencies (political officials, leading organizations, scholars, and 

so on) have adopted the concept of pathways to frame the reorientation of societal development 

toward long-term decarbonization. On the other hand, the concept has become entwined with 

analytical approaches and theoretical perspectives grappling with this challenge. Indeed, a range 
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of research traditions have called upon pathways in order to attend to the different dimensions 

and processes of change underlying the low-carbon transition. 

 

The first study of this thesis has helped lend structure to these diverse strands of research 

contributing to the development of the concept of pathways in the context of low-carbon 

transitions. Three core conceptions of pathways have been distilled: biophysical, techno-

economic, and socio-technical. The first understands pathways as long-term trajectories of GHG 

emissions linked to particular stabilization targets and derived from macro-level parameters 

describing human-climate interactions over time. The second views pathways as sequences of 

techno-economic adjustments linking current sector configurations to desirable low-carbon 

future states. And the third sees pathways as unfolding socio-technical patterns of change within 

societal systems as they move to meet human needs in a low-carbon fashion. While these 

conceptions are not mutually exclusive, they emphasize different analytical approaches, 

theoretical traditions, and dimensions of the challenge. 

 

So, what does this tell us about the promise and pitfalls of pathways for the pursuit of low-carbon 

transitions? According to the first study of this thesis, pathways show promise in linking present 

circumstances to long-run decarbonized futures in the context of deep uncertainty and 

complexity, while mediating among priorities and attending to the consequences of choices. This 

central role is fulfilled through five functions. First, pathways offer an opportunity to begin to 

map the plurality of low-carbon possibilities open to society based on multiple factors. Second, 

pathways help plan for a low-carbon future by placing near-term decisions in the context of 

long-term targets, teasing out the consequences of choices and identifying particularly 
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compelling options. Third, pathways may allow analysts and decision-makers to learn about key 

patterns and processes involved in technological and social change. Fourth, pathways help 

communicate information about possibilities, choices, and tradeoffs that mark alternative 

directions of low-carbon system change. Finally, findings suggest that the concept of pathways 

may serve as a bridge among the diverse perspectives needed to grapple with the deep 

complexity and uncertainty of the low-carbon transition. In this fashion, pathways have the 

potential to capture a plurality of low-carbon possibilities open to society, negotiate and pursue 

alternative directions of change, and reflect an array of factors that will need to transform in 

order to reach low-carbon futures. 

 

Yet, while the concept of pathways embraces a range of promising features that recommend its 

use, there is still room to more strongly represent the social and political character of low-carbon 

transitions. Despite growing interest in leveraging socio-technical transition perspectives for 

informing decarbonization efforts (Markard et al., 2012), engagement with pathways has largely 

emphasized biophysical and techno-economic processes and perspectives. This is occurring in 

two primary senses: in pathways analysis and governance. In the former sense, there has not 

always been sufficient appreciation of the political and social forces that may help shape low-

carbon transitions. The first study of this thesis has found that the emphasis is often on formal 

modelling traditions that have somewhat more difficulty incorporating social and political 

processes. Others have similarly argued that pathways analysis based predominantly on formal 

models may not sufficiently engage with the political and social factors that are entwined with 

transformative low-carbon change (Geels et al., 2017b, 2018; Keary, 2016; Li and Strachan, 
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2017; O’Brien, 2018). Findings also suggest that there may be dangers if any one perspective or 

dimension of change is cast too strongly or weakly. 

 

In the latter sense, governance approaches concerned with envisioning and enacting low-carbon 

pathways have not always been sensitive to the social and political dimensions of the climate 

challenge. To date, policy and practice has largely focused on the technological and economic 

components of decarbonization strategies. By extension, this has stressed the adoption of low-

carbon technological solutions and the establishment of carbon pricing regimes to gradually 

reorient markets and drive diffusion over time. Inadvertently, this emphasis may reduce the 

challenge of decarbonization to one of ‘technology switch’ and ‘setting an appropriate carbon 

price’. Rather than attending to fundamental socio-technical entwinements and thinking in terms 

of long-term processes of transformative change spanning societal systems, responses may be 

overly concerned with the ‘here and now’, circumscribed to patching the existing ‘way of doing 

things’, and isolated from broader political and social implications. In this way, the importance 

of long-term adjustments in lifestyle and practices, norms and culture, ownership and 

organizational structures, legitimacy and political acceptability, along with the driving role of 

policy may not always be appreciated. Opportunities to actively break social as well as technical 

carbon lock-ins (e.g., eroding the endowments of opponents to the low-carbon transition) and 

build up new low-carbon societal configurations (e.g., by encouraging capacity-building among 

networks of innovators) may be overlooked in favor of ameliorating established arrangements 

and trajectories. In other words, there is room to more fully embrace the pervasive (changes will 

not be confined to particular technological artefacts or product supply chains), protracted 

(changes will unfold over multiple decades), and co-evolutionary (changes will involve 
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continuous interactions among social and technical factors) character of the low-carbon 

transition. In particular, there is room to further reflect the political features of low-carbon 

transitions. That is, how society will: grapple with the distribution of costs and benefits, 

encourage changes in longstanding practices and lifestyles, build and broaden support for the 

low-carbon transition, promote the orderly decline of politically and economically important 

carbon-intensive industries, negotiate among often competing priorities and interests, and 

navigate technical and institutional choices, among other issues. To be sure, this is not to 

denigrate the importance of technical and economic responses as these must play an essential 

role in any credible low-carbon pathway. 

 

Interestingly, a relative emphasis on techno-economic and biophysical dimensions appears to be 

at odds with how many analysts actually view the core of the climate change problem. 

Irrespective of research tradition, it is often acknowledged that credible responses to climate 

change are not so much constrained by technical or economic limits but rather by political and 

social barriers (Jacobson et al., 2017, 2015). What is of equal interest, then, is how technical and 

economic responses interface with and might be complemented by social and political forces in 

constituting low-carbon pathways. Already, analysts are making promising strides to explore 

these interconnections. The integrated assessment modelling community is, for instance, 

constructing and drawing upon shared socio-economic development pathways to better reflect 

the social and political dimensions underlying alternative courses of societal development 

(O’Neill et al., 2017, 2014; Riahi et al., 2017). Similarly, socio-technical transition scholars are 

moving to enrich perspectives (Geels et al., 2018; Turnheim et al., 2015) as well as more fully 

incorporate political dynamics (Cherp et al., 2018). As part of this, studies are attempting to tease 
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out the consequences and tradeoffs of diverging choices for alternative transition pathways 

(Foxon et al., 2013; Rosenbloom et al., 2018a). 

 

Beyond these considerations, findings also suggest that there may be opportunities to further 

develop and leverage the functions of pathways (i.e., mapping, planning, learning, bridging, and 

communicating). Bridging, for instance, has yet to be fully explored. Although the concept of 

pathways already embraces a series of perspectives, there are still opportunities to bring diverse 

ideas and approaches together in constructive dialogue (to better represent social and political 

dimensions, among other aims). A research agenda has recently emerged that investigates 

opportunities for mutual enrichment surrounding pathways analysis. In particular, growing 

attention is being paid to: (1) combining analytical approaches (Geels et al., 2018; Turnheim et 

al., 2015); (2) considering potential ontological and epistemological (mis)alignments among 

perspectives (Geels et al., 2016a); (3) bringing approaches into dialogue to overcome individual 

limitations (McDowall, 2014); and (4) integrating different applications (Cherp et al., 2018; 

Foxon, 2011). These efforts are unfolding both across disciplines (Turnheim et al., 2015; van 

Sluisveld et al., 2018) and within disciplines (Holtz et al., 2015; Papachristos, 2014). Yet, despite 

making promising strides to better align approaches, there remain important questions about the 

extent to which different ideas, models, and approaches might complement each other in 

devising and assessing low-carbon pathways. 

 

In a similar fashion, findings indicate that the functions of pathways are not always evenly 

represented. Some approaches emphasize mapping (van Vuuren et al., 2011) or planning (Deep 

Decarbonization Pathways Project, 2015), whereas others more prominently reflect learning and 



62 

 

bridging (Turnheim et al., 2015). Still others emphasize communicating (UK Government, 

2013). This may lend further support to the above research agenda as different perspectives and 

approaches may have slightly different tendencies and strengths with respect to functions. The 

results of formal models may, for instance, hold promise in communicating low-carbon 

transitions by making change processes in natural or human (especially, climate and energy) 

systems more accessible (depending on model outputs). In contrast, socio-technical models may 

be better equipped to learn from historical episodes of change and communicate the complex 

interactions occurring within and even between societal systems. As the first paper of this thesis 

reveals, imagery has an important place in these efforts. Indeed, a central part of collaborations 

among different approaches is to capture different dynamics through simulation and visualization 

(Bergman et al., 2008; Foxon, 2013; Li et al., 2015; McDowall, 2014; Papachristos, 2014). This 

opens up questions about how pathways approaches might further leverage functional 

complementarities to better fulfill their role (e.g., by bringing together communication and 

bridging functions to enrich stakeholder engagement around low-carbon transitions). 

 

3. A core contribution: elucidating the politics of low-carbon pathways 

The second core contribution involves elaborating the political dynamics that help shape the 

socio-technical responses underlying unfolding decarbonization pathways. Connecting with the 

growing body of research focused on the role of politics and agency within transition processes 

(Köhler et al., 2019), this thesis argues that attending to political dynamics is a crucial step in 

understanding how low-carbon pathways open and unfold. In particular, the three studies 

developed here underscore that ideas matter in transitions. According to this research, ideas 

relate not only to the concepts and categories used to frame the climate challenge (e.g., 



63 

 

‘pathways’ or ‘resilience’) but also the storylines linked to possible responses (alternative 

innovations and infrastructures) and contending interests. Concerning the former, this 

dissertation shows how diverse actors construct meaning around the problem through the 

interpretation and development of a key environmental concept – i.e., pathways. With respect to 

the latter, it reveals how contending actors engage in framing struggles over policy and 

technology responses, modulating the low-carbon possibilities and sequences of choices that link 

current societal arrangements to future decarbonized states. Consider, for instance, how 

contending actors framed coal as either a public health crisis or as a pillar of reliability and 

affordability in order to either prevent or perpetuate its use within future electricity systems. In 

this fashion, ideas help open or close the envelope of possibilities under consideration, reflecting 

tensions around perspectives, interests, and material resources. Other studies have also 

acknowledged framing struggles as a critical means through which actors negotiate the 

legitimacy of technology and policy responses (Geels and Verhees, 2011; Leipprand and 

Flachsland, 2018; Rosenbloom et al., 2016, 2018a).  

 

This research program also contributes to the development of two approaches that hold promise 

for attending to the political dimensions of low-carbon pathways. The first approach, entitled the 

multi-dimensional discursive approach (Rosenbloom et al., 2016b), builds on recent efforts to 

bring discourse and transition approaches closer together (Bosman et al., 2014; Geels and 

Verhees, 2011; Leipprand and Flachsland, 2018; Rosenbloom et al., 2016b). This approach 

understands ideas as a critical political battleground in transition contexts and helps to scrutinize 

the continual discursive struggles taking place around alternative low-carbon possibilities. It 

captures how contending actors use their ideational capacities to construct storylines that bring 
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together claims about the features of innovations and the context in which these innovations 

diffuse. Further, it shows how storylines present diverging implications for low-carbon 

pathways. By attending to these dynamics, this approach embraces and weaves together ideas, 

interests, institutions, and infrastructure. It has been acknowledged as a fruitful complement to 

transitions perspectives (Kern and Rogge, 2018) and helped inform a range of studies (Falcone et 

al., 2018; Falcone and Sica, 2019; Leipprand and Flachsland, 2018; Morone et al., 2019). 

 

The second approach is informed by the above discourse-transition crossovers along with the 

literature on multi-regime interactions (Geels, 2007; Konrad et al., 2008; Papachristos, 2014; 

Raven, 2007; Raven and Verbong, 2007) and recent debates around disruption (Johnstone and 

Kivimaa, 2018; Wilson and Tyfield, 2018; Winskel, 2018). Drawing on these perspectives, this 

dissertation considers how different energy systems (electricity, transport, and heating) and their 

affiliated actors are interacting around key pillars of low-carbon pathways: expanded societal 

electrification and electricity trade. It does so by examining actor statements and mapping their 

positions around potential directions of low-carbon change, distilling general interaction patterns 

(competitive or symbiotic). This approach provides a way to explore how and why: (1) political 

actors position themselves with respect to potential steps along possible low-carbon pathways; 

and (2) these steps may activate alignments or tensions that could be leveraged to accelerate 

decarbonization. From a governance perspective, this approach may help with the identification 

of leverage points for further decarbonization or points of friction by capturing how networks of 

actors are positioning themselves around low-carbon possibilities. This could complement efforts 

to identify and enact critical choices that help define alternative directions of low-carbon change 

(Foxon et al., 2013; Rosenbloom et al., 2018a). 
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Three more general lessons for the theory and governance of low-carbon transitions follow from 

these efforts. First, the second study of this thesis outlines a series of discursive patterns that 

mark framing struggles surrounding low-carbon pathways. It shows how storylines that 

challenge the socio-technical regime can emerge, challenge longstanding logics, and eventually 

destabilize established trajectories. While framing struggles are likely to be present throughout 

this process, these struggles can be more or less pronounced. Initially, challenging discourses 

may only warrant a limited response from incumbents as acknowledging these storylines may 

serve to validate alternative possibilities – this finding is echoed by other studies (Hajer, 1995b; 

Rosenbloom et al., 2016). In contrast, discursive contests can become particularly heated when 

challenging storylines and the disruptive possibilities they suggest begin to build momentum and 

offer a viable alternative to the existing way of doing things. This not only reflects the coal 

phase-out experience but also more recent debates around the decline of fossil fuel-based 

vehicles. Britain, for instance, has stated it will ban the sale of diesel and gas cars by 2040, 

linking the fossil fuel-based car to critical health and environment concerns (Castle, 2017). 

France, Germany, India, California, China, and others are either in the midst of contemplating or 

adopting phase-out plans based on similar logics (Petroff, 2017). In the face of mounting 

pressure, representatives of the automotive industry have begun to develop concerted responses, 

linking to ideas about “consumer choice” (Bradsher, 2017; Vaughan, 2017). Despite the long 

timespan at play here, these proposals (along with the rapid advancement of electric vehicle 

technology) represent an increasingly serious threat to the longevity of the international auto 

industry as it exists now. This suggests that the battle over the decline of fossil fuel powered cars 

is advancing rapidly and framing struggles (as well as positional tensions) are likely to mount as 
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patterns of actor interaction play out over time. The discursive patterns identified may, therefore, 

help describe different phases of discursive interaction, directing attention to the continual and 

active development of contending storylines (how actors connect the content and context of 

innovations) as well as the implications these storylines hold for low-carbon pathways. 

 

Second, the third study of this thesis delves further into the disruptive implications of particular 

responses to the climate challenge. This study posits a relationship between the positions of 

actors around decarbonization strategies and the perceived disruptive impacts these strategies 

entail. These disruptions may link to specific firm-level concerns but may extend to broader 

actor networks, market and ownership structures, business models, regulatory frameworks, and 

so on. Perceived disruptive potential, therefore, relates to the perceptions of individual actors 

about the degree to which a given climate-energy policy choice (e.g., promoting the 

electrification of transport) could impact their business models and material holdings (i.e., 

whether they expect to win or lose under future system conditions). Yet, disruptive potential also 

concerns the way in which wider constellations of actors perceive their general interests to align 

(perhaps facilitating the formation of coalitions) or come into tension in the face of particular 

choices and interactions.  

 

Findings suggest that conflictual (or competitive) patterns of interaction among actors affiliated 

with electricity, heat, and transport systems are most prominent around the electrification of heat 

and expanded electricity trade given that these possibilities are perceived to embody sizeable and 

perhaps more immediate disruptions for dominant interests in Ontario. The electrification of 

transport, in contrast, has to date seen more limited tensions. While the electrification of 
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transport implies progressively displacing conventional carbon-intensive fuels, actors have yet to 

deeply engage with the potential disruptions this could suggest for their business models or the 

operation of the systems involved over the long-term (note that Ontario is not home to an oil 

extraction industry). Instead, much of the discourse has focused on mutual benefits for actors 

affiliated with the electricity and transport systems (e.g., growing sales of electric vehicles, 

increasing electric vehicle manufacturing in Ontario, and expanding the market for electricity). 

Perhaps most importantly, however, key actors in the electricity system have placed considerable 

emphasis on this form of electrification, supporting electric vehicle advocacy and awareness 

efforts. With this, the prospects of alternative decarbonization responses could be enabled or 

constrained by the way in which societal actors are strategically positioning themselves, 

deploying their resources (material and ideational), and mobilizing broader networks. 

 

Third, and more broadly, the final study of this thesis underscores the importance of reengaging 

with the interactions occurring between (as opposed to within) different socio-technical systems. 

Societal decarbonization will not only be defined by interactions isolated to single systems 

(niche-regime dynamics) but will relate to the interface of multiple system configurations 

(between electricity and heat, for instance). Analysts and policymakers would, therefore, do well 

to more deeply consider how emerging sites of interaction might open, accelerate, or hinder 

transition pathways toward decarbonization. 

 

The research program centrally focused in the thesis has also been enriched by, and further 

explored through, a range of collaborative works completed during the development of this 

thesis. This body of work has investigated historical development patterns with implications for 
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the pursuit of future low-carbon pathways (Rosenbloom and Meadowcroft, 2014), the promise of 

discursive-transition crossovers (Rosenbloom et al., 2016), how pathways thinking might be 

strengthened by the identification of critical choices leading toward alternative possible low-

carbon futures (Rosenbloom et al., 2018a), along with many other related topics surrounding the 

politics of low-carbon pathways (see Table 1). This work has been acknowledged within the 

international transitions research agenda (Köhler et al., 2019) and taken up within a range of 

transitions studies (e.g., Cherp et al., 2018; Geels, 2018; Markard, 2018). 

 

Table 1: Collaborative works completed during the development of this thesis 

Collaborative works Key themes 

Berton, H., Rosenbloom, D., Temby, O., 
Meadowcroft, J., 2015. Using local improvement 
charges to finance solar photovoltaic systems. 
Energy Studies Review 22, 95–110. 
https://doi.org/10.15173/esr.v22i1.3308 
 
Mallett, A., Jegen, M., Philion, X.D., Reiber, R., 
Rosenbloom, D., 2018. Smart grid framing 
through coverage in the Canadian media: 
Technologies coupled with experiences. 
Renewable and Sustainable Energy Reviews 82, 
1952–1960. 
https://doi.org/10.1016/j.rser.2017.06.013 
 
Rosenbloom, D., Berton, H., Meadowcroft, J., 
2016. Framing the sun: a discursive approach to 
understanding multi-dimensional interactions 
within socio-technical transitions through the case 
of solar electricity in Ontario, Canada. Research 
Policy 45, 1275–1290. 
https://doi.org/10.1016/j.respol.2016.03.012 
 
Rosenbloom, D., Haley, B., Meadowcroft, J., 
2018. Critical choices and the politics of 
decarbonization pathways: exploring branching 
points surrounding low-carbon transitions in 
Canadian electricity systems. Energy Research & 
Social Science 37, 22–36. 
https://doi.org/10.1016/j.erss.2017.09.022 
 
Rosenbloom, D., Meadowcroft, J., 2014. The 

Local climate-energy policy and planning; 
emerging renewable energy possibilities 
 
 
 
 
Framing and legitimacy struggles in transitions; 
smart grid technologies 
 
 
 
 
 
 
Discourse-transition complementarities; framing 
and legitimacy struggles in transitions; emerging 
renewable energy possibilities  
 
 
 
 
 
Branching points and critical choices; framing and 
legitimacy struggles in transitions; future electricity 
system change 
 
 
 
 
 
Historical electricity system change; future 

https://doi.org/10.15173/esr.v22i1.3308
https://doi.org/10.1016/j.rser.2017.06.013
https://doi.org/10.1016/j.respol.2016.03.012
https://doi.org/10.1016/j.erss.2017.09.022
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journey towards decarbonization: exploring socio-
technical transitions in the electricity sector in the 
province of Ontario (1885–2013) and potential 
low-carbon pathways. Energy Policy 65, 670–679. 
https://doi.org/10.1016/j.enpol.2013.09.039 
 
Rosenbloom, D., Meadowcroft, J., 2014. 
Harnessing the sun: reviewing the potential of 
solar photovoltaics in Canada. Renewable and 
Sustainable Energy Reviews 40, 488–496. 
https://doi.org/10.1016/j.rser.2014.07.135 
 
Rosenbloom, D., Meadowcroft, J., Cashore, B., 
2019. Stability and climate policy? Harnessing 
insights on path dependence, policy feedback, 
and transition pathways. Energy Research & 
Social Science 50, 168–178. 
https://doi.org/10.1016/j.erss.2018.12.009 
 
Rosenbloom, D., Meadowcroft, J., Sheppard, S., 
Burch, S., Williams, S., 2018. Transition 
experiments: Opening up low-carbon transition 
pathways for Canada through innovation and 
learning. Canadian Public Policy 44, 1–16. 
https://doi.org/10.3138/cpp.2018-020 
 
Temby, O., Kapsis, K., Berton, H., Rosenbloom, 
D., Gibson, G., Athienitis, A., Meadowcroft, J., 
2014. Building-Integrated Photovoltaics: 
Distributed Energy Development for Urban 
Sustainability. Environment: Science and Policy 
for Sustainable Development 56, 4–17. 
https://doi.org/10.1080/00139157.2014.964092 

electricity system change; political contestation 
over possible models of change 
 
 
 
 
Emerging renewable energy possibilities; 
assessing socio-technical potential 
 
 
 
 
Climate-energy policy challenges and 
opportunities; policy stability and stickiness 
 
 
 
 
 
The role of experimentation and learning-by-doing 
 
 
 
 
 
 
Emerging renewable energy possibilities  

 

 

 

4. Lessons for transition policy and practice 

Beyond these core contributions, this research has also generated a series of lessons for policy 

and practice. While a range of insights have been developed within each of the individual 

studies, here I distill four with particular relevance for accelerating the low-carbon transition. 

First, findings lend strength to the body of evidence that is mounting in favor of adopting diverse 

portfolios of policy measures (e.g., sector-specific regulations and incentives) as opposed to 

relying solely on market-based policies (e.g., carbon taxes) to address the climate challenge 

https://doi.org/10.1016/j.enpol.2013.09.039
https://doi.org/10.1016/j.rser.2014.07.135
https://doi.org/10.1016/j.erss.2018.12.009
https://doi.org/10.3138/cpp.2018-020
https://doi.org/10.1080/00139157.2014.964092
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(Ball, 2018; Jaccard, 2016; Tvinnereim and Mehling, 2018). The coal phase-out example 

corroborates the fact that regulatory approaches may have success where carbon pricing regimes 

encounter political backlash. Despite the relative efficiency of market-based approaches, they 

have faced harsh criticism from opponents in Canada and elsewhere. Consider, for instance, how 

politicians at both provincial and federal levels of government have referred to carbon pricing as 

a “tax grab” (Crawley, 2018; Gilmore, 2018). Despite some mixed indications of support among 

the public (Akin, 2019; Beugin et al., 2018), there remain important cleavages regarding the 

political acceptability of carbon pricing. Take, for example, a recent poll that found 7 out of 10 

Ontarians believe carbon taxes to be a “tax grab” and would do little to reduce GHG emissions 

(Kalvapalle, 2018). Consider also the increasingly prominent rallies in Alberta calling for the 

reversal of Federal carbon pricing legislation (CBC News, 2018; The Canadian Press, 2018). 

This opposition to carbon pricing has begun to translate into votes as Ontario has elected a 

majority Conservative government who campaigned on dismantling the province’s cap-and-trade 

system. Other provinces appear poised to follow suit (Alberta), have backpedalled on their 

carbon pricing commitments (Manitoba), or continue to voice vehement opposition 

(Saskatchewan). In the face of this political backlash, governments in Canada and abroad may 

have an interest in placing greater emphasis on policy mixes as they seek to ramp up action and 

meet climate commitments. 

 

Second, the coal phase-out case reveals that low-carbon pathways may open and be enacted as a 

result of broader societal benefits. The case suggests that the health-related concerns played an 

integral role in encouraging the adoption of the phase-out. However, air quality and health 

considerations did not drive the full implementation of the phase-out. Rather, a complex and 
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evolving set of priorities helped shape the coal phase-out. So, while health concerns may have 

played an important role, climate and reliability considerations modulated the direction of 

change. This points to the fact that low-carbon pathways are likely to be tied to both carbon 

constraints but also an array of other societal motivations. Industrial development, health, 

convenience, and regional environmental priorities can all be interwoven with and help drive 

decarbonization pathways. Consider, for instance, how China’s recent shift in climate policy has 

been linked to climate engagement but also health and air quality issues as well as efforts to 

improve its global image and capture the growing clean technology market (Pope, 2018). 

Similarly, heath and regional environmental concerns appear to be of equal importance to 

climate considerations within the emerging fossil fuel phase outs (e.g., coal-fired power but also 

gasoline cars) taking place internationally. Together, this reinforces the fact that the response to 

climate change is not developing in isolation from other societal priorities. Indeed, low-carbon 

pathways are fundamentally about moving toward a desirable as well as low-carbon future. 

 

Third, the framing struggles around the coal phase-out point to potential strategies for actors 

engaged in narrative work aimed at accelerating low-carbon transitions. The second study 

indicates that proponents of the coal phase-out developed narratives that communicated 

compelling yet simplified understandings of complex problems. In this way, these actors 

conveyed the essential elements of the challenge without being impeded by the stubborn factors 

involved in air quality issues, climate change, or the operation of the electricity system. This 

made the problems seem more tractable, opening up possible responses that were perceived as 

having real and immediate impacts (phasing out coal would combat smog-related health issues 

and climate change). Narratives also focused on coal and not all sources of air and climate 
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pollutants, painting a single target as the villain. In this fashion, proponents invoked 

longstanding symbols (heroes, villains, and victims) that appealed to average Canadians and 

suggested concrete opportunities for action. Although several considerations shaped the phase-

out experience, the discursive patterns uncovered in the second study suggest that there is 

potential to provoke accelerated action by appealing to more tangible and proximate issues 

(health risks and smog). And, while the stakes may be high during the initial framing struggles, 

persistent discursive work is required to update narratives and press for the achievement of 

outcomes over the long-term.  

 

These lessons might be translated to broader climate policy debate, offering practitioners and 

policymakers interested in accelerating low-carbon transitions opportunities to enhance their own 

narrative work. Findings underscore the importance of: creating compelling problem frames 

(e.g., the idea of a transition); targeting the villains (e.g., fossil fuel vehicles) and developing 

solutions that have a coherent rationale (e.g., gradually phasing out fossil fuel vehicles while 

ramping up adoption of zero emissions vehicles over the course of the transition); bringing out 

the tangible and proximate benefits of action (e.g., improved convenience); and, continuously 

renewing narrative strategies. 

 

Fourth, examining actor positions around the 2017 Long-term Energy Plan may suggest that 

there is room for greater ambition around the adoption of electric vehicles in Ontario. Findings 

indicate that there are presently greater potential alignments among energy systems and affiliated 

actors around this climate response. There is particularly strong support for this form of 

electrification among incumbent and emerging actors in the electricity system along with 
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prominent environmental advocacy groups (some of whom were central to the coal phase-out). 

Given the historical strength of the electricity regime in Ontario and its importance for economic 

development (Rosenbloom and Meadowcroft, 2014) as well as the ideational resources of 

environmental advocates (Rosenbloom, 2018), this group of actors may form the foundation for 

a stronger and more compelling push around the electrification of transport. As the provincial 

Conservative government has rejected carbon pricing, societal actors may advocate policy 

measures promoting additional electric vehicle manufacturing capacity in Ontario, establishing 

an electric vehicle sales standard, or even signalling the long-term phase-out of fossil fuel 

vehicles (as is the case in Britain and France, for example). Calls for the electrification of 

transport could be framed in terms of “industrial renewal” for Ontario’s flagging vehicle 

manufacturing industry (Meckling and Nahm, 2019). To be sure, the electrification of transport 

may also manifest in other ways (e.g., mass transit or autonomous modalities) and compelling 

narratives may develop around these alternatives (e.g., tying into cultural shifts around vehicle 

ownership). 

 

5. Final remarks and future directions 

This discussion has highlighted the core contributions and practical insights flowing from this 

dissertation research, which have helped to advance the state of knowledge around transitions 

theory, the Canadian transition context, as well as policy and practice aimed at accelerating low-

carbon transitions. In particular, this work has interrogated the concept of pathways in the 

context of low-carbon transitions and further elucidated how politics help shape unfolding 

processes of decarbonization. Contemplating the climate challenge in terms of pathways has not 

only encouraged a greater understanding of how sequences of choices link current societal 
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arrangements to low-carbon futures but has also shed light on the multiple dimensions that will 

need to undergo change as part of this process. Exploring the political dynamics of pathways has 

revealed how contending actors intervene to modulate responses and help shape alternative 

directions of change. As part of this, discursive-transition approaches have been mobilized and 

extended to attend more closely to framing struggles surrounding policy and technology. The 

case studies developed here also offer a number of useful examples that provide lessons for 

addressing the climate challenge.  

 

5.1 Research limitations 

Despite these important contributions, this research also has some limitations. One potential 

weakness relates to the reliance on written sources. While efforts were made to triangulate data 

collection from multiple sources (e.g., energy data, scholarly works, media articles, consultation 

submissions, as well as government and industry reports), other data sources and methods could 

have complemented the research approach. Interviews with key informants, in particular, were 

considered as they could have provided additional insight into the narratives and positions 

employed by actors in the second and third study. A decision was taken not to conduct 

interviews as part of these studies for the following reasons. In regard to the second study, rich 

empirically-focused work based on extensive interviews had already been carried out that 

revealed the perspectives of the key actors involved in Ontario’s coal phase-out (Harris et al., 

2015). Replicating this work would have required considerable time and resources without 

making a novel contribution to the literature. So, rather than strive for replication, the second 

study was informed by and sought to build on earlier work.  
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With respect to the third study, carrying out interviews would have posed a more complicated 

series of challenges. First, this study focused on interactions among three different energy 

systems and, in this way, had to sacrifice some empirical depth for breadth of coverage (54 key 

actors were identified). Second, it was expected that interview participation would have been 

uneven among these actors given the politically contested nature of the electricity file in Ontario 

during the period under study. This uneven representation was encountered by other studies 

examining the electricity system in Ontario at the same time. Brisbois (2019), for instance, 

reported that the Power Workers’ Union and provincial bureaucracy declined interview requests 

related to the 2017 Long-term Energy Plan. Third, it could also be expected that interview 

participants (even if anonymized) would not have been willing to have their responses attributed 

to their organizations. As a result, it may not have been possible to associate particular positions 

and narratives with specific policy actors – a central part of the analytical approach and 

objectives. Lastly, it is arguable as to whether interviews would have returned substantially 

different positions and narratives from those represented in written sources (consultation 

submissions, media articles, and public commentary). Mordue (2017), for instance, carried out 

interviews with executives in the automotive industry in Ontario and found that the industry 

largely sees its role in the electricity system as that of a large electricity consumer, emphasizing 

concerns about electricity costs. This lends support to my findings, which suggest that the 

industry focused on immediate concerns about the cost of electricity during the consultation 

rather than far-flung possibilities relating to the electrification of transport. Yet, even so, 

interviews may have helped to further tease out the position of actors in the automotive industry 

in regard to these possibilities. This represents fruitful terrain for future research, which could 

help to enrich the findings presented here. 
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This research is also exploratory and interpretive in nature. As described in the research 

approach (see Section 5 of the Introduction), steps have therefore been taken to cross-check 

findings by exposing them to expert opinion through discussions with committee members, 

consultations with conference and workshop participants, and the peer-review process. This 

deliberately iterative process introduced opportunities to continually revisit and revise 

interpretations. Moreover, the exploratory orientation of this research aligns with the 

phenomenon of interest: the complex and emergent political properties of unfolding low-carbon 

pathways. 

 

Perhaps most importantly, however, this research is but one small part of a broader research 

agenda aimed at enriching the theory and governance of low-carbon transitions. Given the scale 

and scope of reorienting societal systems toward decarbonization, this work alone cannot hope to 

fully answer the research questions. Rather, it builds on the work of others and begins to respond 

to and shed light on the phenomenon of interest. Much still remains to be done. Nevertheless, 

this dissertation makes a series of contributions to knowledge surrounding low-carbon 

transitions, lends strength to existing research agendas (e.g., the politics of transitions), and 

points to new areas of inquiry. 

 

5.2 Future directions 

From this, several future research directions are of particular relevance. First, there are 

opportunities to explore additional good examples surrounding the politics of low-carbon 

pathways and move toward cross-case comparisons. Although transition studies have begun to 
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attend much more carefully to the political dimensions of the climate challenge (e.g., Bosman et 

al., 2014; Kern, 2012; Markard et al., 2016; Rosenbloom and Meadowcroft, 2014; Verhees et al., 

2015), there is still room to deepen the body of evidence and lessons upon which scholars can 

draw. Doing so would allow analysts to refine transition perspectives and approaches, compare 

experiences across contexts, and gain additional analytical traction on the climate challenge. 

Some promising cases to explore could revolve around other emerging fossil fuel phase-out 

experiences (around coal power or gas cars) as well as historical episodes of decline more 

generally (Turnheim and Geels, 2012).  

 

Second, there may be additional opportunities to compare and contrast pathways with other 

prominent concepts for thinking about and acting upon the future such as scenarios, visions, 

imaginaries, and so on. Some work has taken steps in this direction (Hofman et al., 2004; 

Rosenbloom et al., 2018a). However, there is still room to further tease out the 

complementarities and differences among these concepts. Third, there may be considerable merit 

in exploring the processes and procedures used to generate and analyze low-carbon pathways. 

That is, what are the relative strengths and limitations of visioning exercises (Kemp et al., 2007), 

formal modelling (Bataille et al., 2016; Layzell and Beaumier, 2018), narrative scenarios (Miller 

et al., 2015; Moezzi et al., 2017), visualization (Shaw et al., 2009; Sheppard et al., 2011), 

structured decision tasks (Bessette et al., 2014), serious games (Holtz et al., 2015), among other 

approaches for informing pathways analysis? Moreover, how might these different procedures 

and methods complement or conflict with one another in this process? Fourth, it would be useful 

to develop tools and indicators for assessing the functions of low-carbon pathways that are being 
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practically applied to reorient societal systems at multiple scales (at the level of local 

communities, specific sectors, or nations).   

 

Lastly, there are a series of broader questions that present themselves about the politics of 

transitions. As Meadowcroft (2011, p. 73) reminds us, there is merit in exploring “how political 

actors (understood broadly) can construct linkages between economic, social and environmental 

reform agendas;[…] which strategies are most successful for building impetus for reform in 

specific societal subsystems; what forms of political alliance are most conducive to encouraging 

sustainability transitions; which kinds of reform create positive feedbacks driving further reform; 

and what resistance strategies are most popular with transition opponents [and] how they can be 

countered by proponents”. These are only a few of the many directions presented by this work. 

And so, despite having advanced the state of knowledge around pathways and politics in the 

context of low-carbon transitions, this is only the beginning of the journey. 
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