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Abstract 3 

The sustainability transitions field has been dominated by studies on single systems. Expanding the 4 

scope to Deep Transitions involving interactions between a broad array of socio-technical systems 5 

opens up new research directions in three important domains: 1) areas of intervention; 2) transition 6 

justice; 3) accelerating actors. 7 
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 12 

Despite the existence of a small stream of research on multi-system interactions (MSI) (e.g. Geels, 13 

2007; Konrad et al., 2008; Raven and Verbong, 2009; Papachristos et al., 2013), the sustainability 14 

transitions field has been heavily dominated by studies on single socio-technical systems, defined as 15 

a socio-technical configuration of policies, technologies, markets, industrial strategies, cultural 16 

symbols and perceptions, rules and actors, delineated by its fulfilment of a specific societal function 17 

such as energy, mobility or food provision (Grin et al., 2010). Yet, generating more knowledge on 18 

MSI is vital, because systemic shifts can be hindered or stimulated by accompanying shifts in 19 

connected systems and because the co-evolution of multiple systems generates massive macro-level 20 

impacts such as climate change, resource depletion or loss of biodiversity. Lately the limitations of 21 

single system research have been increasingly addressed with the emergence of whole systems 22 

analysis (Geels, 2018) and calls to study MSI in a more systematic manner (Rosenbloom, 2020). A 23 

further step has been taken by the Deep Transitions (DT) framework which offers a comprehensive 24 

theorization of long-term multi-system co-evolution, connecting MSI to successive long waves and 25 

the gradual build-up of the landscape of industrial modernity (Schot and Kanger, 2018; Kanger and 26 

Schot, 2019). 27 

 28 

Following the core tenets of DT thinking we believe that the sustainability transitions field would 29 

benefit from more attention to the mechanisms, patterns and society-wide outcomes of MSI. Here 30 

we show how shifting one's analytical focus from single to multiple systems enables opening up 31 

several unexplored directions in three domains highlighted as important in the STRN research 32 

agenda (Köhler et al., 2019): governing transitions, ethical aspects of transitions, politics and power 33 

of transitions. We thus focus on three focal themes, offering productive avenues for future research: 34 

areas of intervention, transition justice, and accelerating actors. 35 

 36 

Areas of intervention 37 

One of the key questions for accelerating transitions concerns the identification of appropriate loci 38 

of intervention. However, according to a recent review (Kanger et al., 2020), literature on transition 39 

governance overwhelmingly focuses on policies to stimulate niches and destabilize the incumbent 40 

regimes. From the DT perspective, more attention should be turned to the following questions: 41 

1. How to break unsustainable couplings between systems and make sustainable ones? How to 42 

tilt the landscape so that the broader context of multiple systems would be more favourable 43 

to sustainability transitions in these systems? Since systems are interdependent, attempts to 44 

steer transitions should pay more attention to various couplings between systems. For 45 

example, a shift to electric vehicles would require breaking a link between fossil fuel based 46 

electricity generation in the energy system and the use of such energy as an input in the 47 

mobility system. It would also require establishing new types of links such as using 48 

renewables as an input (energy to mobility) or vehicle-to-grid solutions to stabilize the grid 49 

(mobility to energy). A related topic is the development of policy instruments that would 50 

create common regulatory pressures on all socio-technical systems (vs. system-specific and 51 



uncoordinated interventions sensitive to lobbying from vested interests)1. 52 

2. How to evaluate the multi-system impact of specific interventions? Long-term and complex 53 

transitions pose substantial evaluation problems that are enhanced by MSI. A core challenge 54 

is how to attribute the impact of a specific intervention to the transition process. A proposed 55 

solution is to focus on transformative outcomes, e.g. immediately observable changes in 56 

specific transition processes of niche building, mainstreaming and opening up of the regimes 57 

in single systems (Ghosh et al., 2021; Molas-Gallart et al., 2021). Re-definition of 58 

transformative outcomes for multi-system dynamics remains a future research challenge that 59 

the DT approach is well equipped to handle. 60 

 61 

Transition justice 62 

Another important strand of research concerns the ethics of transitions, aiming to prevent injustices 63 

related to the exclusion of certain actors, violation of due decision-making processes, and uneven 64 

distribution of impacts (Jenkins et al., 2018). Attempts have been made to connect these issues to 65 

whole systems analyses, including the mapping of injustices operating on multiple scales and time 66 

horizons (experienced vs. anticipated) (Sovacool et al., 2019; Kanger and Sovacool, forthcoming). 67 

However, justice and fairness have hardly been explored in the context of MSI. Doing so would 68 

open up two areas of inquiry: 69 

3. How to find a balance between injustices resulting from optimizing existing links between 70 

systems, destabilizing them and creating new ones? The challenge of steering multi-system 71 

transitions easily leads to the “damned if you do, damned if you don't” policy dilemma. Take 72 

the example of energy-mobility connection. Continuing support to fossil fuel based energy 73 

production and transport would only exacerbate existing inequalities, e.g. uneven access to 74 

clean environment or uneven distribution of health impacts. Cutting support for fossil fuels, 75 

on the other hand, will create other problems such as the loss of income and structural 76 

unemployment for entire regions dependent on incumbent systems. Furthermore, a shift to 77 

renewable energy production balanced by vehicle-to-grid, will likely intensify inequalities 78 

elsewhere, e.g. the negative impacts of increasing global cobalt demand on the miners in 79 

Congo (Sovacool et al., 2019). Developing sophisticated yet actionable tools for 80 

policymakers to navigate multi-system transitions through these injustices remains a future 81 

challenge for the field. 82 

4. How do injustices map to particular phases of multi-system transitions? Recent DT work has 83 

shown that multi-system transitions are characterized by varying degrees of societal 84 

contestation (Kanger and Sillak, 2020). This implies similar patterns in felt injustices. For 85 

example, the contemporary rise of debates around energy, mobility and food justice may 86 

well indicate an emerging shift from the current long wave, centred on digitalization, to the 87 

next one, focused on sustainability-oriented solutions. The development of dynamic models, 88 

connecting continuously evolving injustices to multi-system transition dynamics, promises 89 

to go beyond existing work that has often resorted to producing extensive lists of injustices. 90 

If it can be shown that injustices cluster in a particular manner, policies for addressing them 91 

could be designed more accurately. 92 

 93 

Accelerating actors 94 

A third important line of research is the role of actors in accelerating MSI. Whereas existing 95 

literature has identified various intermediaries shaping single system transitions (Kivimaa et al., 96 

2019), the DT perspective calls for increased attention on inter-systemic intermediaries or 97 

transnational ‘system entanglers’, creating between-system connections (van der Vleuten, 2019). 98 

More understanding is required about the role of accelerating actors on two levels: 99 

5. Which types of actor groups act across and connect different systems, how do they operate, 100 

and how do their perceptions, actions, and conflicts shape MSI? A lot of work remains to be 101 

 
1 We thank one of the reviewers for this point. 



done on who has the power and capacity to mobilize transition arenas, that eventually lead to 102 

the adoption of similar principles across multiple systems, e.g. mass production/ 103 

consumption after World War II, digitalization at the turn of the century, or circular economy 104 

at present. 105 

6. What is the role of ‘landscape-makers’ in shaping the broader environment of socio-106 

technical systems? Much of transitions research has so far been based on an assumption that 107 

the landscape cannot be shaped by purposeful action. However, global institution-building 108 

such as the emergence of the Paris agreement, and growing repertoire of technological Earth 109 

system interventions such as solar geoengineering (Reynolds, 2021), increasingly challenge 110 

this assumption. Hence it is increasingly necessary to identify actors capable of ‘tilting the 111 

landscape’, favouring multi-system transitions in certain directions. Here it is possible to 112 

draw on existing studies on the formation of the Transnational Capitalist Class (Carroll, 113 

2010) that have used social network analysis to demonstrate a high degree of global 114 

influence exerted by a fairly small number of key agents. 115 

 116 

Figure 1 visualizes the entire discussion, showing the contrast between single- and multi-system 117 

foci for each of the three themes – areas of intervention, transition justice, accelerating actors. 118 

 119 

[Insert Figure 1 somewhere here] 120 

 121 

We believe that the double challenge of environmental degradation and severe social inequality, 122 

built up during the 250-year First Deep Transition, cannot be met without a Second Deep Transition 123 

– an interlinked change in the directionality of a broad array of socio-technical systems constituting 124 

industrial societies. And however useful research on single system transitions has turned out to be, 125 

ultimately the world will not be saved one system at a time. We increasingly need to combine 126 

research on supporting new social and technological niches, steering transitions in single systems, 127 

investing in the next wave of green technologies and transforming many taken-for-granted beliefs 128 

about the natural environment, science, technology and innovation. We hope that EIST will 129 

continue to be a kind host for our ongoing quest to reimagine the past and futures of industrial 130 

modernization from a multi-system perspective. 131 

 132 
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