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Six policy intervention points for sustainability transitions: A 

conceptual framework and a systematic literature review 

 

Abstract 

Recent literature has turned considerable attention to the role of policy mixes in shaping socio-

technical systems towards sustainability. However, the identification of relevant policy intervention 

points has remained a relatively neglected topic. This is a potentially significant oversight given that 

such intervention points constitute a mid-step between means (particular policy instruments) and 

overall goals (change in the directionality of socio-technical systems). By complementing existing 

work on policy mixes with additional insights from transitions literature, this paper formulates a 

conceptual framework of six policy intervention points for transformative systems change. The 

coding scheme developed on the basis of this framework is used to review current literature on 

policy mixes in sustainability transitions. It is shown that the latter has so far primarily focused on 

niche-regime dynamics while largely neglecting the broader context of these interactions. We argue 

that adopting a wider perspective on intervention points can aid future work on policy mixes by 

enabling the identification of root causes and critical problems of ongoing transitions, and to spot 

gaps in existing policy activities. The case of the Estonian energy system is used to briefly illustrate 

these possibilities. Methodologically, we demonstrate the value of combining theory-based concept-

formation with a systematic literature review, enabling not only a provision of a summary of 

existing literature but also highlighting systematic gaps in that literature. 
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1. Introduction 

The mounting challenge of climate change has led to increasingly urgent calls for rapid and deep 

decarbonization (SDSN and IDDRI, 2014; Geels et al., 2017a; Rockström et al., 2017). As 

industrial societies are fundamentally underpinned by various socio-technical systems (e.g., 

mobility, energy, food), radical and coordinated changes in their basic mode of operation are called 

for (Schot and Kanger, 2018; Kanger and Schot, 2019). In particular, work in the sustainability 

transitions field (Grin et al., 2010; Markard et al., 2012; Köhler et al., 2019) has focused on 

identifying the preconditions, driving mechanisms, broad patterns and possibilities for accelerating 

radical transformations in socio-technical systems. 

 

In parallel, there has been a growing recognition in the policy studies and innovation policy fields 

that sustainability transitions require new approaches. Over the past decade a third generation of 

innovation policy has been emerging (Steward, 2012; Diercks et al., 2018; Schot and Steinmueller, 

2018). While the first generation (dominant in the post-WWII era) focused on the relationship 

between basic science and its applications, and the second (onward from the 1980s) on accelerating 

the speed of innovation, the third generation aims to tackle the directionality and goals (Stirling, 

2008) of socio-technical systems. Correspondingly, the implementation of policy instruments from 

each generation can result in either market, structural system or transformational system failures 

(Weber and Rohracher, 2012). The notion of 'policy mixes' – a set of policy goals, strategies, 

instruments and policy processes that influence a given sector or system (and ideally support each 

other) – has experienced a similar shift. Originating from economic policy literature (Mundell, 
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1962), it was subsequently adopted by innovation system studies (Soete and Corpakis, 2003; Borrás 

and Edquist, 2013) and has been increasingly deployed in sustainability transitions literature (Kern 

and Howlett, 2009; Kivimaa and Kern, 2016). Put together, current literature stresses a need to 

design, evaluate, and implement appropriate policy mixes to shape the directionality of socio-

technical systems while avoiding transformational system failures. 

 

The literature on policy mixes in sustainability transitions has made steady progress in the 

identification and analysis of particular policy instruments (Kivimaa and Virkamäki, 2014), 

elements, policy processes and desirable characteristics of policy mixes (Rogge and Reichardt, 

2016), and in the specification of feedback loops between policy processes and systems change 

(Edmondson et al., 2019). However, to date it has not systematically addressed the topic of policy 

intervention points, i.e., particular areas in the socio-technical system or its environment where the 

application of appropriate policy instruments would likely facilitate transformative change in the 

system’s directionality. This is a potentially significant oversight given that the identification of key 

loci for policy intervention constitutes a mid-step between means (mixes of particular policy 

instruments) and overall goals (changes in the directionality of socio-technical systems). In other 

words, existing literature has largely focused on the 'what' and 'why' of policy mixes for systems 

change to the relative neglect of 'how'. 

 

This paper aims to address that gap. It does so by using existing transitions theory to derive insights 

on various possible policy intervention points and by contrasting them to the current literature on 

policy mixes in sustainability transitions. More specifically, we pose the following research 

questions: 

 

1. What does the literature on sustainability transitions reveal about policy intervention points 

for transformative systems change? 

2. What does the literature on policy mixes reveal about policy intervention points for systems 

change?  

3. What do insights from both literatures imply for the analysis and design of policy mixes for 

transformative systems change? 

 

As such, we aim to make three contributions to existing literature. First, by complementing existing 

work on policy mixes with additional insights from transitions literature, we provide a conceptual 

framework comprising of six policy intervention points for sustainability transitions. In particular, 

we aim to show how transitions theory can be used to go beyond the dominant framing of 

intervention points as found in the current policy mixes literature. Second, we demonstrate the 

methodological value of combining a theory-guided approach with a systematic literature review, 

arguing that in contrast to literature-driven reviews, such an approach can reveal systematic gaps in 

state-of-the-art research that might be otherwise missed. Third, we show how the results of this 

mapping can improve further research on policy mixes in sustainability transitions by enabling the 

identification of the root causes hindering transformative change, critical problems worth special 

attention, and gaps in existing policy activities. 

 

Although in our theory-building and literature review we have drawn on studies based on various 

theoretical frameworks, we ultimately chose to structure our own conceptualization of policy 

intervention points around the Multi-Level Perspective (MLP) on socio-technical transitions, in 

particular the 'global' model that captures an entire transition process (Geels, 2005a; Grin et al., 

2010). As one of the earliest and most mature frameworks in the sustainability transitions field, 

MLP offers a sophisticated analytical vocabulary for theorizing the evolution of the focal socio-

technical system as well as developments in its environment. It has developed a nuanced 
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understanding of how interactions on multiple levels – niche, regime, landscape – lead to different 

transition pathways (Geels and Schot, 2007). As such, we think MLP shows excellent promise in 

broadening the conceptual understanding of policy mixes for sustainability transitions, a promise 

we aim to illustrate below. 

 

The paper is structured as follows. Section 2 presents a brief overview of the Multi-Level 

Perspective (Geels, 2005a), a selection of recent contributions to transitions literature that go 

beyond the dynamics of single socio-technical systems, and a summary of existing work on policy 

mixes for sustainability transitions. The purpose of this section is twofold: to identify a set of 

factors in the focal system and its environment facilitating transitions, and to reflect on the extent to 

which the issue of intervention points has been covered in current policy mixes literature. Section 3 

describes the methodological approach of the paper – concept-formation coupled with a theory-

guided literature review – as well as its limitations. Section 4 presents the concept-formation part of 

our work. Drawing on various factors facilitating systems change, as identified in Section 2, we 

make an additional analytical step by re-conceptualizing them as six policy intervention points for 

transformative change. Each point is illustrated with diverse empirical evidence, encompassing 

multiple niches and regimes in the domains of energy, mobility and urban planning. We also discuss 

the importance of these intervention points for various transition pathways. Section 5 presents the 

results of the literature review, demonstrating that the current discussion of policy mixes in 

sustainability transitions tends to be dominated by particular loci of intervention. Examples from the 

Estonian energy system are used to illustrate how the analysis of policy mixes can be improved by 

adopting a broader framework. Section 6 concludes, suggesting avenues for future research. 

2. Background: Sustainability transitions and policy mixes 

2.1 Factors shaping socio-technical transitions: The Multi-Level Perspective and beyond 

Transitions can be defined as long-term (50 years and more) shifts from one socio-technical system 

to another (Geels and Schot, 2010: 11). A socio-technical system refers to a configuration of actors, 

rules and technologies for the fulfilment of a particular societal function, such as communication, 

food provision or transportation. This configuration encompasses the dimensions of science and 

engineering, economy, policy, everyday life, consumer behaviour and culture. For example, a 

system of personal land-based transportation entails the mutual alignment of vehicles, road 

infrastructure, repair shops, dealer networks, production facilities, traffic regulation, users’ driving 

routines and symbolic meanings of the automobile (Geels, 2005a: 147). 

 

The Multi-Level Perspective (MLP) is a prominent approach in transitions studies, synthesizing 

insights from evolutionary economics, structuration theory and institutionalism. It proposes that 

transitions come about through interrelated processes on three levels: niche, regime and landscape 

(Geels, 2002, 2005a). Socio-technical regimes are defined as shared, stable and aligned sets of rules 

directing the behaviour of actors in a particular system. These rules are embedded in various 

elements of the socio-technical system, and they shape innovative activities towards a specific 

trajectory of incremental innovation (e.g., increasing the fuel efficiency of cars). Radical 

alternatives to regimes are developed in spaces called niches. These are application areas dominated 

by specific selection criteria that shield the emerging new and unstable technologies from direct 

market pressure (e.g., military applications prioritizing performance over costs). Finally, the 

'landscape' represents exogenous macro-level forces, such as wars or demographic changes, which 

shape niches and regimes but are not shaped by them (in the short and medium term). 
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Transitions usually begin when landscape changes put pressure on the dominant regime. As an 

initial response the regime attempts an internal fix to its problems. For example, 19th century 

urbanization exacerbated the low-speed problem of horse-drawn carriages, leading to the 

introduction of horse-drawn rail cars. The same pressures, however, also provided a 'window of 

opportunity' for niches such as bicycles (Geels, 2005b). As the regime becomes further destabilized, 

it prompts a need for a fundamental transformation of its basic architecture. This involves 

interactions between the regime and emerging niches and between the niches themselves, e.g., 

bicycles, trams and automobiles competing with horse-drawn carriages in urban passenger transport 

(ibid.). Depending on the situation, this process can be more or less competitive in nature. As the 

emerging system stabilizes along various dimensions, establishing new production, distribution and 

consumption routines, a regime shift is completed. This is reflected in a sharp increase in the 

adoption of the focal technology of the system, e.g., the growth in car density in Western European 

countries after World War II (Mom, 2014: 289). 

 

The intensity of landscape pressure, the resilience of the focal regimes and the maturity of niches 

can be thought of as factors determining whether transitions occur. Further work has shown that the 

particular combinations of these factors lead to particular transition pathways (Geels and Schot, 

2007, 2010). For example, if the dominant regime starts to crumble before niches have matured, a 

drawn-out competition between various niches follows (de-alignment and re-alignment pathway); 

if, however, niches are mature, the transition will likely follow the technological substitution 

pathway (see Table 1 for an overview). 

 

[Insert Table 1 around here] 

 

Recent advances in the geography of transitions have focused on the multiple locational advantages 

of regimes or their 'socio-spatial embeddedness' (Coenen et al., 2012), including informal localized 

institutions (Raven et al., 2012), natural resource endowments, physical infrastructure (Bridge et al., 

2013) or regional industrial specialization (Hansen and Coenen, 2015). A societal embedding 

framework (Geels and Johnson, 2018; Mylan et al., 2018) has been used to analyse the ways in 

which radical innovations become embedded in user, business, cultural, regulatory and transnational 

environments (Kanger et al., 2019). A common feature of these works is their focus on links 

between a socio-technical system and its broader environment. These findings suggest that 

transformative change happens when regimes are dis-embedded from their environment, severing 

the ties between incumbent actors and their support network. However, industry destabilization is 

likely to be a disruptive and contested process (Turnheim and Geels, 2013; Kungl and Geels, 2017), 

involving societal impacts extending beyond the focal system itself. Therefore, the work on 'just 

transitions' (Swilling and Annecke, 2012; Swilling et al., 2016) has stressed the need to commit to 

the dual goal of sustainability and human welfare in enacting systems change. 

 

The MLP has also been applied to study the evolutionary patterns of multiple regimes (Geels, 2007; 

Papachristos et al., 2013; Sutherland et al., 2015), involving competition, symbiosis, integration and 

spill-over (Raven and Verbong, 2009; Hiteva and Watson, 2019). It has been shown that systems 

link to each other through various couplings, such as shared infrastructures or input-output 

relationships (Konrad et al., 2008). The recent Deep Transitions framework (Schot and Kanger, 

2018; Kanger and Schot, 2019) proposes that interactions between single socio-technical systems 

produce 'long waves' (Freeman and Louçã, 2001; Perez, 2002) that, in turn, accumulate into a set of 

broader continuities characterizing the industrialization process as a whole. In different ways, all 

these works underline a common theme: transitions in a focal system might often depend on 

changes taking place in other systems. This implies that attempts to steer transitions might often 

need to take into account multi-regime linkages and interactions. 
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Taken together, our review highlights a number of factors shaping transitions, operating at the niche 

level and the regime level, as well as the broader environment of niches and the focal regime. 

Earlier works on MLP, focusing on the patterns of single system transitions, argued that transitions 

happen when the focal regime is unable to solve its problems internally, when niches challenging 

the incumbent regime are available and sufficiently mature, and when landscape pressures 

simultaneously destabilize the regime and provide a window of opportunity for niches. More recent 

work has approached the environment of socio-technical systems in a more nuanced manner, 

highlighting the broader impacts of dis-embedding the focal system from its socio-spatial 

environment. It has also explored the role of linkages between multiple socio-technical systems in 

either facilitating or inhibiting transition in the focal system. 

 

2.2 Policy mixes in sustainability transitions 

The concept of 'policy mix' has been used and developed in many domains, mainly environmental 

economics, innovation studies, and policy sciences (Howlett and Rayner, 2007). Having grown out 

from a focus on finding the single 'best' policy instruments with the 'most optimal' policy results, 

later research shifted to the interaction and mutual support of different instruments aiming to 

identify their optimal combination (e.g., Smith, 1994; Gunningham et al., 1998; see Flanagan et al., 

2011: 703-704, for the history of the term). Work in the sustainability transitions field started to 

advocate looking at an even broader picture: first, by expanding the focus from sector-specific 

studies to policy mixes crossing administrative sectors (Kivimaa and Virkamäki, 2014; Kivimaa and 

Kern, 2016) and second, by focusing on broader policy strategies in addition to specific instruments 

(Rogge and Reichardt, 2016). 

 

This shift in focus is also reflected in the changing dimensions of policy evaluation. While the 

relevant qualities of single policy instruments include effectiveness, efficiency, equity and 

feasibility, the desirable characteristics of policy mixes include consistency, coherence, credibility 

and comprehensiveness (Rogge and Reichardt, 2016). Recently, Scordato et al. (2018) have added 

the concepts of timing and scale. This means increased attention on the sequence of policy 

instruments and other elements of the mix, as well as the need to combine policies operating at 

regional, national and international levels. 

 

Existing work on policy mixes has been criticized for its over-reliance on single case or small-N 

research strategies, and insufficient attention being paid to terminology and variable definition. 

Arguably this has led to a lack of fruitful accumulation of empirical studies as well as insufficient 

theorization (Howlett and del Rio, 2015). As a response, recent work in transitions studies has 

attempted to improve the conceptual foundations of policy mixes, including their design and 

composition (Rogge et al., 2017; Edmondson et al., 2019), to quantify the temporal dynamics of 

policy mixes in large-N studies (Schmidt and Sewerin, 2019), and to employ mixed method 

strategies (Mavrot et al., 2019). Another stream of critique has noted a clear over-representation of 

European cases (Rogge et al., 2017) with the prominent exception of China (Ely et al., 2018; Chang 

et al., 2019). 

 

In contrast, the topic of policy intervention points, which we define as particular areas in the socio-

technical system or its environment where the application of appropriate policy instruments would 

likely facilitate transformative change in the system’s directionality, has gained fairly little explicit 

attention in the policy mixes literature. It can be argued, however, that in many ways existing 

conceptual vocabulary already points in that direction. A good example is the notion of policy 

strategies, consisting of objectives and principal plans, as introduced by Rogge and Reichardt 
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(2016). Here one might argue that the existence of objectives, combined with principal plans of 

getting to these objectives, must inevitably describe a logic of intervening on some level. The main 

difference between the conceptualization of the policy strategy and our understanding of 

intervention points lies in their focus. While the policy strategy concept puts an emphasis on 

measurable targets and concrete plans, therefore including a wider array of different elements such 

as goals, roadmaps, guidelines, conventions, etc. (Rogge and Reichardt, 2016; Imbert et al., 2017), 

the notion of an intervention point clearly focuses on what to target in the first place and why 

targeting it would be a good idea. This way we explicitly position intervention points as a mid-step 

between overall goals (change in system directionality) and particular policy instruments for 

achieving these goals. 

 

It has to be noted that, occasionally, existing literature on policy mixes comes very close to the 

notion of intervention points as used in our paper. For example, Kivimaa and Kern (2016) have 

assessed Finnish and British energy policy mixes according to whether they support 'motors of 

innovation' or 'motors of creative destruction'. Edmondson et al. have summarized state-of-the-art 

policy mix research in transitions studies, suggesting that its “two particular challenges concern 

destabilization and accumulation” (2019: 3). Nevertheless, it seems to us that, in general, the idea of 

intervention points, and especially its distinctiveness from the existing conceptual vocabulary, has 

not been clearly established in the policy mixes literature. As a result, we feel that the literature has 

yet to tackle the identification of intervention points in a systematic manner. In our view, this 

remains an important challenge because the design and implementation of successful policy mixes 

requires a clear understanding of the possible loci of transformative change in the first place. 

Therefore, in the following sections we seek to outline six policy interventions points, using the 

MLP framework to relate them to each other, and to demonstrate the implications of this exercise 

for current and future work on policy mixes for sustainability transitions. 

3. Research design 

Our approach begins by building from Taagepera’s critique (2008, 2018) that social science 

generally tends to prioritize the empirically observable ('how things are?') to the relative neglect of 

the logically possible ('how things should be on logical grounds?'). This argument implies that, in 

addition to summarizing different empirical observations in a specific field (e.g., by conducting a 

systematic literature review), one should always be mindful of the possibilities implied by existing 

theoretical frameworks but not yet taken up in empirical research for one reason or another. In other 

words, whereas literature-driven approaches can provide a good descriptive overview of existing 

findings, they risk missing out on systematic gaps in the field. Translated into the context of our 

paper this means that if the work on policy mixes in sustainability transitions happens to be 

characterized by a specific framing, a review of only these studies, however systematically 

undertaken, does not suffice because it threatens to reproduce the already existing bias. This 

problem can be alleviated, however, if the review is coupled with analytical reasoning about the 

types of categories that can be logically observed in the first place. 

 

For this reason, our research was conducted in two steps, concept-formation followed by theory-

guided literature review. In the first stage, we focused on conceptualizing the logically possible 

based on our familiarity with MLP and more recent findings from transitions studies (as presented 

in Section 2.1). Although our creative interpretation of existing literature cannot be described in 

terms of a strict methodological procedure we can nevertheless highlight a number of analytical 

moves made in the process. These include a) reflecting on transitions in terms of a number of 

interacting factors shaping why and how transitions occur; b) identification of six such factors; c) 

translation of the six explanatory factors into prescriptive 'intervention points', highlighting where 
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different policy instruments should be applied in order to facilitate systems change; d) reflecting on 

the differing importance of these intervention points for particular transition pathways. The outcome 

of the concept-formation stage provided us with a conceptual framework; a set of logically possible 

policy intervention points structured around the 'global' model of MLP that could be mapped onto 

the policy mixes literature. 

 

In the second stage, we conducted a theory-guided literature review, focusing on two questions: 1) 

to what extent are different policy intervention points present in the literature on policy mixes and 

sustainability transitions? 2) how systematically and clearly are different intervention points being 

addressed? For that purpose, we performed an article search in Science Direct and Scopus databases 

using the following keywords: (“sustainability transitions” OR “socio-technical transitions”) AND 

“policy mix”. This enabled us to locate studies that explicitly positioned themselves at the 

intersection of both transitions and policy mixes literature. 

 

The abstract of each article was reviewed manually to decide whether or not the article would be 

included in the analysis. The main inclusion criterion was that the study had to make systematic use 

of both transitions theory and policy mixes (e.g., articles with only a casual reference to either field 

of study were excluded). Out of 154 initial items, 55 articles were eventually selected for further 

review. This included both empirical and conceptual papers published mostly between 2014-2019. 

Based on our framework we developed a simple coding scheme to record the following attributes 

for each article: presence of particular intervention points (from none to all six), systematic 

coverage (i.e., whether the particular intervention point was an integral part of the analysis or rather 

mentioned as an off-hand comment) and clarity of treatment (i.e., whether the policy mixes were 

clearly linked to particular intervention points or whether linking these two required a generous 

amount of interpretation from the reader). The coding was carried out by one of the authors and led 

to the identification of dominant themes as well as gaps in the existing literature. The coding 

scheme, results and excerpts from articles with brief explanations from the coder showing how the 

coding scheme was applied, can be found in Appendix A. 

 

Three limitations of our research strategy should be noted. First, by focusing on two databases 

(Science Direct, Scopus) and journal articles with explicit positioning (policy mixes and 

sustainability transitions literature), studies concerned with the evaluation of transformative 

innovation policy but not necessarily framing the discussion in terms of both transitions and policy 

mixes (e.g., Bugge et al., 2018; Grillitsch et al., 2019) were excluded from our review. Second, as 

the coding was conducted by one of the authors, no inter-coder reliability check was performed. 

Third, following our decision to structure our conceptualization around MLP, the literature review 

in Section 2.1 was limited to insights on the overall dynamics of transitions, excluding many other 

themes in the literature (e.g., social innovation, power, niche-internal processes). Therefore, we 

recognize the possibility that our theory-guided approach might have directed our attention to 

particular intervention points to the possible neglect of others. Section 4 should therefore be treated 

as an attempt towards a more comprehensive framework of policy intervention points rather than a 

fixed all-encompassing final product. 

4. Policy intervention points in sustainability transitions 

In this section, we present the results of the concept-formation stage of our work: a framework of 

policy intervention points for transformative change. We begin by outlining the six policy 

intervention points, illustrating each with empirical examples from policy practice. We then discuss 

the salience of different intervention points for particular transition pathways. 
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4.1 Six policy intervention points for sustainability transitions 

Section 2 identified a number of factors shaping why and how transitions occur, as well as giving a 

brief discussion of how these factors might be reflected in the current policy mixes literature. In line 

with multi-level thinking, we argued that these factors are present at the niche level and the regime 

level, as well as in the broader environment of niches and the focal regime (socio-spatial context, 

other regimes, landscape dynamics). The results of this section are based on our recognition that 

these factors can be further reinterpreted as prescriptions for facilitating transformative systems 

change. For example, if the literature outlines the inability of an existing regime to solve its 

problems internally as one of the key factors contributing to transitions, it would follow that 

transitions can be accelerated by purposeful attempts to destabilize the incumbent regime. 

Proceeding in such a manner for each factor identified in Section 2.1, we propose six policy 

intervention points for sustainability transitions: 1) stimulate different niches; 2) accelerate the 

niches; 3) destabilize the regime; 4) address the broader repercussions of regime destabilization; 5) 

provide coordination to multi-regime interaction; 6) tilt the landscape. Figure 1 provides a visual 

summary. 

 

[Insert Figure 1 around here] 

 
Figure 1. Six intervention points for systems change (based on Geels and Schot, 2007: 401). 
 

4.1.1 Stimulate different niches 

The MLP identifies itself as a cross-over between sociological approaches and evolutionary 

economics (Geels and Schot, 2007; Geels, 2010), encompassing not only social learning, collective 

interpretation and power struggles, but also the processes of variation, selection and retention. From 

the evolutionary perspective, variety in different niches plays an important role as it presents a pool 

of alternative solutions for challenging and transforming the incumbent regime (Schot and Geels, 

2007). At the same time, emerging niches also need to become mature enough to enter the market: 

therefore, for a certain amount of time some regulatory shielding is often required. 

 

Measures to stimulate niches include R&D funding schemes, public procurement, foresight 

exercises to create future visions, relaxing certain regulatory conditions, etc. (Kivimaa and Kern, 

2016: 208-209). What is important for this intervention point is to sustain variety, e.g., supporting 

biofuels, electric vehicles (EVs), driverless vehicles and mobility-as-a-service as alternatives in the 

mobility system, or solar, wind, geothermal energy, community energy projects and decentralized 

production as alternatives in the energy system. 

 

Chinese policy towards new energy vehicles (NEV) is a good example of this kind of stimulation by 

the government. In 2008, NEVs accounted for almost no share of the Chinese automotive market. 

Seven years later sales reached 330,000, turning China into the largest NEV market in the world. 

This impressive growth was made possible by government policies that did not pick winners at the 

niche level where very different competing solutions existed, including hybrids, fuel-cell vehicles 

and battery electric vehicles. Instead, government policies focused on financing the R&D of all the 

NEV technologies and intervening on the consumer side by offering purchase rebates to make all 

NEVs more accessible (Xu and Su, 2016). 

 

4.1.2 Accelerate the niches 

Emerging technologies need to cross the 'valley of death' between R&D activities and market entry 

(Schot and Geels, 2008). Furthermore, transitions are about systemic changes, including the 

combination of technological, organizational and institutional innovations, new user practices and 
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changing cultural meanings. This means that both the scale-up of single niches and the alignment of 

niches need to be supported to achieve systemic change. Measures to accelerate the niches include 

the creation of innovation platforms, the introduction of market-based policy instruments, the 

promotion of entrepreneurship, advice systems for small and medium enterprises, provision of 

venture capital, etc. (Kivimaa and Kern, 2016: 208-209). For example, in the energy system, state 

loans might be used to facilitate the commercialization and domestic take-up of solar energy. In the 

mobility system, niche alignment could be supported through regulatory intervention targeted at 

linking electric and driverless vehicles to a mobility-as-a-service business model. 

 

Danish R&D investments in wind energy offer a paradigmatic example. From the 1970s, 

researchers started with low-tech windmill designs, took smaller steps in scaling up technologies, 

and engaged continually in product development. In this way, as the design of hubs, high-quality 

shafts, mechanical brakes, electronic control systems, components of the yaw-system, and quality 

gears were undertaken in a collaborative network, costs slowly declined. By 1985, Danish wind 

turbine manufacturers held 50% of the world market and had produced about 700 MW of the 1,500 

MW of wind power installed in California. Before consolidation in 2001, four of the world’s six 

largest wind turbine manufacturers were Danish. The Danes were able to achieve such status in an 

extremely cost-effective manner. Approximately $2.4 billion was spent on wind energy related 

R&D worldwide between 1976 and 1995; the Danish government’s R&D funding accounted for 

about 4.2% of this total, while the U.S. government’s funding for wind turbine R&D was nearly 11 

times greater (Sawin, 2001: 334-335). Although the Danish contextual conditions were generally 

favourable for government initiatives (Karnøe and Garud, 2012), the role of policymaking in the 

creation of broad-based 'innovative democracy' cannot be understated (Mendonça et al., 2009). 

 

4.1.3 Destabilize the regime 

Transitions do not happen merely when niches are present, even if they are mature and inter-linked 

to a certain degree. The incumbent regime also needs to become destabilized to allow niches to 

break through. Measures to destabilize regimes include taxes for putting economic pressure on the 

regimes, banning of specific technologies and practices, removing subsidies for certain industries, 

or balancing the involvement of incumbents in policy advisory councils with niche actors (Kivimaa 

and Kern, 2016: 208-209). For example, increased taxation of gasoline-based cars (combined with 

support for vehicles with alternative fuel sources) might be used to challenge the traditional 

mobility system. In the energy system, the state might cut subsidies for fossil fuel-based energy 

production or, as in the case of Norway’s sovereign wealth fund, divest from companies exploring 

oil and gas (The Guardian, 08.03.2019). 

 

Global efforts at subsidy reform represent active efforts to destabilize regimes. Sovacool (2017) has 

summarized evidence from 25 countries who implemented national subsidy reforms between 1952 

and 2016. For example, several European states – Austria, Belgium, Czech Republic, Greece, 

Hungary, Italy, Poland, Portugal, and Slovakia – repealed reduced value added tax (VAT) rates to 

coal, fuel oil, natural gas, and electricity providers over the previous three decades. These 

artificially low VAT rates had been implemented to benefit poor households – similar to low VAT 

rates given on other 'basic needs' such as food. However, the VAT subsidies were eliminated when it 

was discovered that most of their benefits went to the rich, rather than the poor, since the wealthy 

tended to consume more energy. That removal had only a negligible impact on energy market prices 

but saved drastic amounts of tax revenue for the governments involved (IEEP et al., 2007). These 

efforts suggest that subsidy removal and reform can bring substantial positive impacts on energy 

prices or national economic development. 

 

 



10 

4.1.4 Address the broader repercussions of regime destabilization 

Systems do not exist in isolation but are socio-spatially embedded in their surrounding environment 

on multiple scales (regional, societal, global) and in multiple ways, such as physical infrastructures, 

existing skills, and networks between actors, as well as shared cultural background (Coenen et al., 

2012; Hansen and Coenen, 2015). This means that policy action should also be aimed at dis-

embedding the system from its environment while anticipating and alleviating possible unintended 

consequences of this process. Measures to address the effects of regime destabilization include 

campaigns to combat the dominant cultural framings of the system, payments to industry for the 

closure of fossil fuel-based plants, provision of financial and educational support for managing 

structural unemployment and skill mismatch, or facilitating regional diversification of industrial 

activities (Spencer et al., 2018). 

 

A strong example is the industrial restructuring of the Ruhr valley in Germany. Historically a coal-

producing area, the region has been taking gradual steps towards becoming a green energy producer 

and a hub of renewable energy industry. The transition of the Ruhr area began with the “Coal Crisis 

of 1958”, when price regulation in Germany was ended and it became obvious that imported coal 

was much cheaper than German coal. This led to extensive subsidization by the federal government 

(Storchmann, 2005). At first it was mostly about helping the coal industry survive, but included 

some government action that ended up enabling a larger transition – the founding of new 

institutions of technical higher education and supporting the diversification of business in the region 

(Taylor, 2015). 

 

From the 1980s, it became clearer that the situation needed a more thorough intervention. On one 

hand, technology parks and centres were founded to speed up new areas of business in the region 

(Taylor, 2015). On the other hand, more social protection programmes were created for coal miners, 

such as compensation mechanisms for lost earnings, money for vocational retraining and extra 

funding for early retirement in the case of closed mines (Storchmann, 2005). Since the 2000s, the 

economic restructuring of the region has been in full swing, and in 2007 the decision to close the 

last operational hard coal mine was made. Government has since focused on supporting local 

projects and initiatives, and programmes to generate more of them, while continuing social support 

for ex-miners (Taylor, 2015). 

 

4.1.5 Provide coordination to multi-regime interaction 

The trajectories of socio-technical systems are not only internally created; they also result from the 

mutually reinforcing developments in multiple systems (Geels, 2007; Konrad et al., 2008; Schot 

and Kanger, 2018). For example, the combination of suburbanized housing and individual privately-

owned gasoline-based cars reinforces both the current housing system (cars enable easier access to 

more remote locations) as well as the mobility system (car ownership is practical in the context of 

urban sprawl, especially when public transport is not easily available). In order to break this 

feedback loop, urban sprawl and car-centred mobility need to be jointly tackled. 

 

Evidence of this type of intervention can be found from urban transitions (Nevens et al., 2013; 

Schiller, 2016) as cities are essentially constituted by a configuration of multiple interlinked and 

overlapping systems. For example, since the 1970s the city of Freiburg in south Germany moved 

towards being an ecological city. For this purpose, various measures were employed, including 

support for renewables (hydropower, solar, biological fermentation) in the energy system, 

facilitation of multi-modality in the mobility system, and the implementation of measures to 

increase the energy efficiency of buildings in the housing system. Both urban planning and 

extensive public involvement have played an important role in this process (Zhao et al., 2017). 
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4.1.6 Tilt the landscape 

Although MLP has often treated the landscape as an exogenous force that shapes niches and 

regimes but is not shaped by them, newer literature has started to address the landscape-making 

impacts of socio-technical systems (Schot and Kanger, 2018; Kanger and Schot, 2019). These 

works direct attention to the need to address broader factors extending beyond specific niches and 

regimes. It includes participation in international and global negotiations to arrive at collectively 

binding agreements that would create broader framework conditions for changing the directionality 

and dynamics of a broad range of socio-technical systems. Examples of these include the Paris 

Agreement to limit the global temperature increase to below two degrees Celsius, or the recent 

framework by the United Nations obliging countries to monitor and track the movement of plastics 

beyond their borders (The Guardian, 11.03.2019). 

 

Probably the best-known example of this approach is the banning of chlorofluorocarbons (CFCs). 

CFCs refer to a group of stable halogen compounds widely used in variety of applications including 

refrigeration, solvents, blowing agents, and food freezing in the 1960s and 1970s. They migrate to 

the stratosphere where they photo-disassociate into chlorine and other compounds. The chlorine 

reacts with ozone, reducing the ability for ozone to act as a shield against ultraviolent radiation. The 

depletion of the ozone layer increases ultraviolent levels at the earth’s surface and incidents of 

cancer, damage to crops and aquatic life, and changes in local climate (Shapiro and Warhit, 1983; 

Harper, 1994). When scientists determined that CFCs were damaging the Earth’s ozone layer in the 

mid-1980s, the international community did not rely on caps, credits, and trading. Regulators 

responded with the Montreal Protocol in 1987, which originally aimed at cutting production of 

CFCs by 50% but was later amended to be a complete phase-out of CFCs for all industrialized 

countries by 1996 (Gorman and Solomon, 2002). 

 

4.2 Policy intervention points and transition pathways 

Having outlined the six policy intervention points for sustainability transitions, we now turn to the 

question of relating them to different transition pathways (see also recent attempts to connect policy 

mixes to transition pathways by Lindberg et al., 2019, and Rogge et al., 2020). Our overall 

argument is simple: since different transition pathways (see Table 1 for a summary) seem to be 

characterized by differing intensity – for example, a rather gradual change in the case of the 

reconfiguration pathway and a considerably more rapid change in the case of the substitution 

pathway – then, from the policy perspective, there seems to be a trade-off between promoting the 

speed of transitions and managing the resulting uncertainty of change. It also means that the process 

is likely to be highly contested by stakeholders with different and often conflicting interests. 

Therefore, although addressing all six intervention points remains crucial in each pathway, the 

relative importance of these intervention points likely depends on a particular pathway. Or, in other 

words, different pathways suggest different 'key intervention points' requiring special attention. 

 

In the reproduction pathway, niches cannot break through because there is insufficient pressure on 

the regime. In transition accounts, such a pressure is often created by landscape events. Therefore, 

in order to break out from this pathway to substantive transformative change, tilting the landscape is 

often required. As argued above, this can often be achieved through the design and implementation 

of international policies. On a national level, shifts in the focal regime might also be indirectly 

promoted by pushing for changes in another system. For example, strong policy support for the 

adoption of EVs in the mobility system might create a stronger demand in the energy system to 

move away from fossil fuels. 
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It has been argued that the reconfiguration pathway characterizes large technical systems (e.g., 

electricity, telephone networks) because they cover large geographical areas and include a number 

of interrelated, often infrastructural technologies (Geels, 2005a: 265-266). Because of their size and 

scope, such systems are likely to be quite resilient to change. This, in turn, increases the possibility 

that system incumbents will attempt to either block broader change or adopt niche innovations for 

the purposes of regime optimization (incremental innovation), without altering the overall 

directionality of the system. In these conditions strong regime destabilization measures might be 

required to open up the regime and make it more susceptible to transformative change. 

 

The transformation pathway is characterized by moderate landscape pressure and the presence of a 

regime clearly receptive to change while the niches remain immature (Geels, 2006b). In this 

pathway, therefore, measures for stimulating niche scale-up and alignment likely obtain particular 

significance. 

 

In contrast, in the de-alignment and re-alignment pathway cracks in the regime appear far earlier 

and therefore the uncertainty regarding the combinations of niches constituting the future regime 

remains higher (Geels, 2005b). Therefore, critical challenges include both stimulating various 

niches and accelerating existing ones. 

 

Finally, in the substitution pathway, transition is likely to proceed most rapidly, resulting in the 

highest degree of uncertainty. Wide-ranging structural change is likely to affect a majority of actors 

related to the incumbent regime. As technologies associated with the declining regime quickly 

become obsolete, incumbent firms might experience a rapid decline in market share leading, in turn, 

to a loss of employment (Burke et al., 2019). This might be made worse by the fact that industries 

are regionally concentrated and ill-adapted to shifts in their underlying knowledge base (Spencer et 

al., 2018). In these conditions, anticipation and alleviation of the societal impacts of transitions 

would become the most critical issue. Table 2 provides a summary of the foregoing discussion. 

 

[Insert Table 2 around here] 

5. Policy intervention points and policy mixes 

Having outlined our conceptual framework, we now use it to assess state-of-the-art literature on 

policy mixes in sustainability transitions, highlighting the dominant themes and neglected 

dimensions. We then move on from a descriptive mapping of current literature to an empirical 

illustration of how our framework can be used to improve existing research on policy mixes. 

 

5.1 Intervention points in policy mixes literature 

Overall we performed a review of 55 articles, coding each for the presence of particular intervention 

points. If at least one intervention point was present, an article was further coded to assess the 

extent to which these intervention points were systematically addressed in the text, as well as the 

clarity with which each point was mentioned. While 4 articles out of 55 did not contain a reference 

to a specific policy intervention point, the remaining 51 articles mentioned different intervention 

points 130 times in total. 

 

Table 3 presents the results of the review (excluding 4 articles that did not include any intervention 

points). The counts of each point have been split according to four possibilities arising from the 

combination of systematic coverage (systematic vs. non-systematic treatment of intervention points) 

and clarity (explicit vs. implicit treatment of intervention points). The rightmost column presents 
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the overall count for each of the four possibilities as well as their relative share. As can be seen from 

the table, different intervention points have been explicitly and systematically addressed in almost 

half of the instances (63 times, or 48%). The bottom row presents the total count of each 

intervention point as well as its share from the overall number of articles included in the review. 

 

[Insert Table 3 around here] 

 

Niche stimulation is the most commonly mentioned intervention point, occurring in almost every 

article (50 times or 98%). A typical example is the study by Lazarevic et al. (2020) on the Finnish 

construction industry that highlights the role of various government interventions (e.g., R&D 

programmes and municipality-funded projects) in stimulating rapid developments in wood-frame 

multi-storey construction. Another example is the case of energy storage technologies in California 

(Ossenbrink et al., 2019) where policymakers provided support to early-stage technology research, 

development and demonstration (e.g., the Energy Innovators Small Grant), which played an 

important part in enabling this niche. 

 

Niche acceleration is another pervasive theme, occurring almost as frequently as niche stimulation 

(46 times, in 90% of the articles). For example, Figenbaum (2017) has described how the 

emergence of the Norwegian battery electric vehicle (BEV) market was influenced by government 

incentives for niche market actors. Throughout a 25-year period, different policies, including 

purchase incentives, were introduced to accelerate the BEV niche leading to the BEV market share 

of 17.1% in 2015. Another example comes from Germany where the government’s policy of 

obligatory public procurement of kilowatt hours generated by wind as well as infrastructure 

investments enabled the growth of an offshore wind energy niche (Reichardt et al., 2016). 

 

Existing literature has also turned considerable attention to the role of regime destabilization in 

sustainability transitions, a theme occurring 28 times (in 55% of the articles). Some examples 

include the phasing out of fluorescent light bulbs in the EU (Kivimaa and Kern, 2016), coal in the 

UK, the Netherlands and Quebec (Rogge and Johnstone, 2017), and unsustainable pulp and paper 

industries in Sweden (Scordato et al., 2018). An impressive example of regime destabilization is the 

German Energiewende that included a nuclear phase-out policy. The latter has been considered one 

of the most important factors in stimulating investments to renewable energy production, helping to 

bring about the German energy transition (Rogge et al., 2017). 

 

Compared to the first three, other themes are virtually absent from the literature: broader 

repercussions of regime destabilization and landscape tilting both appear three times whereas multi-

regime coordination is not mentioned at all. Existing literature highlights German coal phase-out as 

a good example of combining regime destabilization policies with the management of broader 

societal impacts, the latter including early pensions, retraining and investments in alternative 

industries in the region. Similar efforts for a just transition have been made in UK, Turkey, Iran, 

Namibia and the Philippines (Geels et al., 2017b). Imbert et al. (2017) describe an interesting case 

of landscape tilting through strategic multi-level action. The authors show how in the EU, both 

Germany and Italy have managed to push parts of their own national strategies on bioenergy to the 

EU level, thereby having EU level pressures, in turn, shape transitions in both countries. 

 

Our overall results seem to confirm the assessment by Edmondson et al. (2019: 3): an 

overwhelming proportion of intervention points in current policy mixes literature (124 or 95.4%) is 

related to niche stimulation, niche acceleration and regime destabilization. This might be explained 

by two factors: first, developments in the policy mixes literature seem to reflect the overall field of 

transitions studies that has so far predominantly focused more on single systems and less on multi-
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regime interaction and the landscape-making impacts of systems change. Second, because of the 

length of the review process, journal articles may inaccurately reflect the most recent advances in 

the field. For example, although addressing the broader repercussions of regime destabilization was 

largely a neglected theme in our literature review, a recent European Environment Agency report on 

the policy and practice of sustainability transitions explicitly acknowledges the importance of 

alleviating the negative consequences of systems change (EEA, 2019: 71). Nevertheless, the bottom 

line is that in comparison to the six logically possible intervention points, the current framing of the 

policy mixes literature seems to be more limited. 

 

5.2 Applying the framework for policy assessment: the Estonian energy system 

So far we have demonstrated the discrepancies between our conceptual framework and state-of-the-

art literature on policy mixes in sustainability transitions. In this section we turn to demonstrating 

the implications of this discrepancy. We argue that the adoption of a broader view on policy 

intervention points, as presented in Section 4, can enhance existing research on policy mixes in 

three ways: 1) tracing the root cause hindering a transition; 2) identifying the possible transition 

pathway and the critical intervention point to be addressed; 3) mapping the policy mix allowing the 

identification of gaps in existing policy measures. In order to make our claims more tangible we use 

the case of the Estonian energy system to illustrate these possibilities. Rather than an exhaustive 

study, this is meant to serve as a brief 'proof of principle', an approach that has been used in several 

theoretical papers in the transitions and policy mixes literature (e.g., Fuenfschilling and Binz, 2018; 

de Haan and Rotmans, 2018; Edmondson et al., 2019). 

 

As a member of the EU, Estonia is part of the collective effort to cut greenhouse gas emissions to 

80% below 1990 levels by 2050 (European Commission, 2018). In 2016, however, the energy 

sector (including transport) accounted for almost 90% of total greenhouse gas emissions in Estonia 

(Estonian Ministry of Environment, 2018). Matters are made worse by the fact that the Estonian 

energy system is primarily based on oil shale that has a low Energy Return on Investment compared 

to other fossil fuels (Cleveland and O’Connor, 2011; Hall et al., 2014), substantially contributing to 

Estonia having one of the largest ecological per capita footprints in Europe (Global Footprint 

Network, 2017). In order to support the take-up of green technologies, the Estonian government has 

introduced subsidies for electric vehicles (2011-2014, reinstated in 2020), and renewables (hoping 

to phase out these subsidies within ten years) (ERR, 06.08.2019). At the same time, the state 

continues to subsidize the oil shale industry (the biggest energy company Eesti Energia, producing 

more than 90% of all electricity in Estonia, is state-owned) and to negotiate for exceptions for the 

industry at the EU level. As a result, Estonia currently ranks among the top three laggards in the EU 

concerning progress in fighting climate change (Climate Action Network, 2018). 

 

If one was to analyse the Estonian energy system, focusing only on niche-regime dynamics, one 

would quickly conclude that the above description matches the main conclusions of Kivimaa and 

Kern (2016): as many other countries, Estonia tends to focus too much on niche support (e.g., 

renewable subsidies) in comparison to regime destabilization (reflected in continued state support 

for the oil shale industry). However, a closer analysis of the situation reveals that since the mid-

1990s, proposals to transform the Estonian energy system have been repeatedly blocked by industry 

actors and policymakers on three grounds: concerns for energy security, regional unemployment 

and the potentially resulting political instability (Sillak and Kanger, 2020). In other words, the lack 

of regime destabilization has been directly caused by the socio-spatial embeddedness of the industry 

into its surrounding environment. In the Estonian case, therefore, our framework helps to identify 

the fear of societal repercussions as the root cause hindering energy transition and directs attention 

to the importance of policy measures for alleviating anxieties about the wider societal effects of the 
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phase-out of oil shale. In fact, Estonian environmental movements have attempted to pursue this 

very strategy, e.g., through campaigns stressing that the key to energy security lies in decentralized 

renewable-based energy production (Eesti Taastuvenergia Koda, 2014). 

 

Another question concerns the potential transition pathway of the Estonian energy system. Given 

the gradually increasing landscape pressure of climate change affecting Estonia through its 

membership in international organizations, the increasing cost-effectiveness of renewables (REN21, 

2019) affecting the country through global markets, and the relative fragility of the focal regime due 

to oil shale’s inherent deficiencies as a source of energy (Cleveland and O’Connor, 2011; Hall et al., 

2014), one could argue that the oil shale-based energy system is fairly unstable and is likely to be 

considerably affected by specific external shocks (e.g., changes in oil price, influencing the 

profitability of domestic energy production). Under these conditions it can be assumed that the 

Estonian energy transition would unfold through the substitution pathway involving a high speed of 

change and a high degree of uncertainty. 

 

This would make the management of societal repercussions of regime destabilization doubly 

important as it is both a root cause hindering the transition and the critical intervention point given 

the likely future transition pathway. Therefore, our framework would direct attention to proactively 

managing the concerns of a large share of the population likely to be affected by these events. At the 

moment, however, the current government has taken the route of keeping the oil shale industry alive 

as long as possible. For example, the Estonian Minister of Finance has confirmed the state’s 

willingness to temporarily compensate the miners while they are out of work (Põhjarannik, 

11.06.2019). Furthermore, the state has recently approved a €125 million investment to open a new 

shale oil refining factory in 2024 (ERR, 27.03.2020). 

 

Finally, our approach can also be used to highlight additional deficiencies of Estonian energy 

policy. First, in the context of oil shale-based energy production, policy support for EVs is unlikely 

to contribute to emissions reduction, indicating a failure to coordinate multi-regime interaction. 

Furthermore, during the last 15 years, Estonia has pursued a strategy of implementing ecological 

reforms to conform to EU regulations while simultaneously negotiating exceptions for the oil shale 

industry from that very union (Sillak and Kanger, 2020). This means that Estonian international 

policy has been rather opportunistic, trying to make use of landscape trends unfolding in two 

opposite directions. 

 

To summarize: whereas the conventional literature on policy mixes would advise Estonian policy-

makers to continue supporting various niches while turning more attention to regime 

destabilization, our framework would also direct attention to the importance of tilting the landscape, 

coordinating multi-regime interaction and managing the broader repercussions of regime 

destabilization, with the latter being a doubly critical intervention point. Each intervention point 

would require a joint application of mutually supporting measures. For example, regime 

destabilization could be facilitated through the design of a step-by-step policy strategy for phasing 

out oil shale, broader societal impacts could be alleviated through the buy-out of employees from 

the oil shale sector by providing a generous benefits package conditional on accepting retirement in 

a pre-specified time frame, use of renewable energy could be made mandatory for charging stations 

for EVs, and cross-party agreement could be reached for stopping the strategy of bargaining for an 

exception for the oil shale industry at the EU level. 
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6. Conclusions 

This paper has distilled findings from the twin literatures of sustainability transitions and policy 

mixes into a conceptual framework of six policy intervention points, and related these points to 

various transition pathways. We showed that whereas the current literature on policy mixes is 

dominated by the agenda of niche stimulation, niche acceleration and regime destabilization, it has 

relatively neglected the management of broader repercussions of regime destabilization, 

coordination of multi-regime interaction and tilting the landscape. Using the example of Estonia’s 

energy system, we demonstrated how the adoption of a broader framework would enable the 

advance of research on policy mixes by allowing the identification of root causes, critical problems 

and intervention points not sufficiently covered by existing instruments. This, in turn, could lead to 

the design of a more complete portfolio of policy instruments and strategies, facilitating a change in 

the directionality of socio-technical systems towards increased sustainability. The policy 

implications of our framework are twofold: first, the design of policy mixes should address all six 

intervention points; second, while all intervention points remain important for all pathways, their 

relative importance differs from one pathway to another. 

 

Methodologically, our framework has demonstrated the value of combining thinking on the 

logically possible with mapping the empirically observable, enabling not only the provision of a 

summary of existing literature but also highlighting systematic gaps within it. Given the existence 

of a particular framing on intervention points in the policy mixes literature, it is unlikely we would 

have formulated such a framework had we started straight from the literature review. However, 

existing systematic reviews in the transitions studies field tend to be literature-driven (e.g., Fischer 

and Newig, 2016; Kivimaa et al., 2019; Savaget et al., 2019; Sengers et al., 2019). Based on our 

work, we advise remaining somewhat cautious about the extent to which such descriptive overviews 

manage to cover all analytical dimensions of substantive importance. As a broader theme, we would 

call for more theoretical reflection in the transitions field (Kanger, 2020) so that the summaries of 

empirical findings would also be coupled with analytical reasoning on what could have been 

observed but was not. 

 

Because of space limitations, this paper has included only a brief empirical application of our ideas. 

Nonetheless, it points the way towards fruitful future research. Further work remains to be done in 

using the framework for a systematic mapping of gaps in policy mixes in different countries and 

systems. Given the recent interest in the issue of timing and sequence of policy mixes (Scordato et 

al., 2018), our framework also opens up the possibility of inquiring whether intervention points 

should be addressed in a different order depending on a specific transition pathway. Furthermore, 

the identification of gaps in policy mixes based on our framework can be complemented with an 

assessment of the range of possible actors involved in bringing about transformative change at 

particular intervention points (e.g., the role of firms, universities, national and local government and 

NGOs in the acceleration of a specific niche). Another step would be to assess the differing 

motivation and capabilities of these actors to effect such a change. This would enable the 

establishment of a more explicit connection between our framework and the issues of agency, 

power and politics, as discussed in recent transitions literature (e.g., Avelino and Wittmayer, 2016; 

de Haan and Rotmans, 2018; Sovacool and Brisbois, 2019; Geels, 2020). Such an analysis would 

help to direct attention to the conflictual and contested nature of transitions, involving multi-actor, 

multi-level and multi-regime interactions. Moreover, it is possible that a deeper engagement with 

these literatures would enable complementing our framework with additional intervention points. 

 

Notwithstanding these future topics and directions, perhaps when policy intervention points are 

better acted upon, and insights across sustainability transitions and policy sciences better 
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harmonized, the future potential we map here will become better reflected in empirical data. This 

would ensure that research findings are translated into much needed action commensurate to the 

sustainable challenges facing society. 
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3. Coding examples 

 

The following presents excerpts from articles with brief explanations from the coder showing how the coding scheme was applied. All emphases 

are portrayed in quotes (bold) and have been added by authors. 
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3.1 The challenge is mentioned implicitly, but not covered systematically 

 

In these instances policy mixes were not connected to the intervention point in a clear manner but could be interpreted as belonging to one or 

another. Furthermore, the implied intervention point was not part of the main idea of the article but rather remained an occasional comment. 

 

Example 1: “Promoting more costly and complex niche technology also implies incentives for innovation and this results in cost-reductions in 

the future through learning-by-doing that can ultimately lead to ‘industrialisation’ of more complex energy efficiency technologies” (Figenbaum, 

2017: 14). 

 

Explanation: The quote uses the term ‘niche’ to make a particular point about the need to promote complex technologies. Although not explicitly 

spelled out as such the excerpt could be interpreted as hinting at the importance of niche stimulation. It has been coded as non-systematic because 

the overall focus of the article is on the comprehensiveness and cost of instrument mixes. 

 

Example 2: “We understand policy mix as the combination of government policy instruments which, by design or fortune, have direct or 

indirect impact on the quantity and quality of research and development (R&D) investments in public and private sectors for the purpose of 

developing innovation systems” (Frank et al., 2018: 354-355). 

 

Explanation: The quote alludes to the importance of using policy mixes for stimulating niches through R&D without, however, using specific 

transitions vocabulary. Furthermore, this idea is not central to the article which discusses innovation policy criteria in relation to local renewable 

energy systems. 

 

3.2 The challenge is mentioned explicitly, but not covered systematically 

 

In these instances policy mixes were explicitly connected to a particular intervention point. However, the intervention point was not part of the 

main focus of the article but rather remained more peripheral or occasional. 

 

Example 1: “Besides market failures, clean technologies often face multiple systemic and institutional failures (Bleda and del Río, 2013; Foxon 

et al., 2005; Rip and Kemp, 1998; Unruh, 2000), including barriers to adoption, switching costs, and insufficient network effects, and thus their 

adoption requires organizational and institutional change. A challenge is thus how to avoid carbon lock-in (Unruh, 2000) and facilitate 

transitions towards more sustainable ‘regimes’ (Geels, 2002; Markard et al., 2012; Smith et al., 2010) by nurturing and scaling up 

alternative technological niches that are not yet sufficiently competitive or proven” (Uyarra et al., 2016: 265). 
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Explanation: In this example niche stimulation and acceleration are explicitly addressed, but neither constitute the focal point of the article which 

analyses UK’s policy support for innovation in low carbon manufacturing sectors. 

 

Example 2: “We […]define policy mixes as the specific combinations of policy instruments which interact explicitly or implicitly in fostering 

(low-energy) innovations and disrupting dominant (high-energy) regimes” (Burke and Stephens, 2017: 16). 

 

Explanation: In this example, the need for destabilizing existing regimes is explicit, but this is not the focal point of the article which discusses 

different approaches to policy mix analyses. 

 

3.3 The challenge is mentioned implicitly and covered systematically 

 

In these instances policy mixes were not clearly connected to particular intervention points but could be interpreted as such. However, the 

implied intervention point was a part of the conceptual framework and/or empirical analysis of the article. 

 

Example 1: “Therefore, in Table 2 we propose a more balanced 3 × 3 matrix typology that combines three instrument types (economic 

instruments, regulation and information) with three instrument purposes (technology push, demand pull and systemic concerns)” (Rogge and 

Reichardt, 2016: 1623). 

 

Explanation: This is one of the examples that mentions both technology push and demand pull. These were codified as hinting at the importance 

of niche stimulation and acceleration (without using the specific transitions terminology). Both ideas are also essential to the article devoted to 

discussing policy mixes for sustainability transitions. 

 

Example 2: “As elements of the two strategies are “uploaded” to the European level, they offer opportunities for diffusion and reinforcement 

via various EU policies and programs” (Imbert et al., 2017: 79). 

 

Explanation: The article analyses how German and Italian bioeconomy policies have influenced each other through policy making on the 

European Union level. Although not using the specific terminology it can be interpreted as systematically addressing the need to tilt the 

landscape. 

 

3.4 The challenge is mentioned explicitly and covered systematically 

 

In these instances policy mixes were explicitly connected to particular intervention points and could be considered a part of the conceptual 

framework and/or empirical analysis of the article. 
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Example 1: “Strategic niches where innovation occurs, such as solar energy, require government protection and support, at least until they 

are able to scale up and to achieve pricing parity or until policy internalizes externalities of competing technologies through instruments such as 

carbon pricing” (Hess and Mai, 2014: 32). 

 

Explanation: In this quote the need for niche acceleration is made explicit. The topic constitutes a central part of the article which discusses 

sustainability transitions and renewable electricity policy in Asia. 

 

Example 2: “Such destruction policies include control policies (e.g. carbon pricing or regulatory restrictions), significant changes to regime 

rules (e.g. electricity market reform), reduced support for dominant regime technologies (e.g. reduction of subsidies for fossil fuels) and 

changes in social networks, for example by the replacement of key actors in stakeholder consultations or empowerment of new entrants in 

political debates (Kivimaa and Kern, 2016). In addition, policies can also support the destruction side of transitions by enabling changes in 

the organisational and institutional practices of policy making processes (Kivimaa et al., 2017b)” (Rogge et al., 2018: 2-3). 

 

Explanation: Destabilization of the regime is explicitly mentioned in the excerpt. The article is about policy mixes for low-carbon transition of 

the German electricity system and regime destabilization is a central element of the article. 
 


