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4 
Mapping Multi-System Interactions 

in Urban Contexts—A Study 
of the Energy, Transport, and Food 

Systems in the Municipality 
of Gothenburg 

Ingrid Mignon, Ksenia Onufrey, and Linus Thomson 

Introduction 

Recognizing the relevance of a multi-system perspective, a growing body 
of work within sustainability transitions studies has begun to employ 
multi-system analyses (Andersen & Geels, 2023; Andersen et al., 2023; 
Ohlendorf et al., 2023; Rosenbloom, 2019), promoting a closer exam-
ination of the fluidity and permeability of system boundaries, thereby 
fostering a more dynamic view of system development in relation to 
other systems (Konrad et al., 2008). For instance, previous studies have 
investigated the system interactions between the electricity and waste 
management system (Raven, 2007), and between the electricity and elec-
tric transport systems (Haley, 2015). While the broader sustainability 
transitions literature has emphasized urban contexts as key nodes for 
socio-technical transitions, functioning as sites where multiple socio-
technical systems converge, interact, and evolve (Frantzeskaki & Rok,
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2018), most existing research on multi-system interactions has largely 
focused on the national level, leaving localized contexts comparatively 
underexplored. This represents a missed opportunity, as municipal-level 
analyses provide rich empirical settings to engage simultaneously with 
multiple socio-technical systems, offering explanations beyond those 
grounded in isolated systems (Grin et al., 2017). 

Another notable limitation of existing multi-system analyses lies 
in their predominant focus on dual interactions, i.e., mapping and 
explaining interconnections between two systems. This narrow approach 
becomes increasingly problematic as transitions accelerate, triggering 
simultaneous changes across multiple systems. The resulting effects of 
emerging and evolving cross-system interactions go beyond dual rela-
tionships, spanning a broad range of socio-technical systems and their 
corresponding societal functions. Hence, recent studies have called for “a 
shift in research from focusing on single system transitions plus wider 
interactions towards investigating a ‘patchwork’ of interacting transi-
tions” (Andersen & Geels, 2023, p. 10). In order to begin investigating 
such “patchworks” of interconnected transitions across multiple systems, 
the level of municipalities provides an appropriate context. 

Accordingly, this chapter goes beyond the typical focus on dual inter-
actions by considering mutual interconnections across three systems, i.e., 
the food, energy, and transport systems. A transition is urgently required 
in each one of these systems. The food system is widely recognized 
as environmentally and socially unsustainable (Hebinck et al., 2021; 
Meynard et al., 2017), scaling up the diffusion of clean energy produc-
tion is necessary to limit climate change (Mignon & Bergek, 2016), and 
the transport system needs to shift from fossil fuels to renewable alter-
natives (ER, 2017). However, none of these systems exists in isolation 
and must be considered within their broader socio-technical context, 
including neighbouring systems with which they interact (Andersen & 
Geels, 2023; Andersen et al., 2023; Kanger et al., 2021; Sutherland et al., 
2015). Earlier studies have highlighted the interconnections between 
food, energy, and transport systems at the national level (Huttunen 
et al., 2014; Sutherland et al., 2015). In this chapter, we chose to study 
the interactions linking these three systems in the urban context of 
Gothenburg municipality.
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Specifically, we perform an in-depth review of policy documents to 
map the interactions between key actors, infrastructures/technologies, 
and institutions across these systems in Gothenburg municipality. In 
doing so, we identify the strengths and weaknesses of the structures (e.g., 
projects, plans, networks) put in place by municipal actors to foster 
interactions between these systems and formulate policy recommenda-
tions on how to navigate imbalances and asymmetries inherent to urban 
multi-system transitions. 

Following, we present the analytical framework, focusing on the 
concept of inter-system couplings and connecting it to the urban 
context. We then elaborate on the methodology and present the study 
findings in accordance with the theoretical framework. Finally, we discuss 
the key insights and summarize the contributions, along with suggestions 
for further research. 

Analytical Framework 

Multi-System Interactions and Couplings 

Interactions across systems result in the reshaping of system boundaries, 
affecting actor possibilities for achieving their goals (Rosenbloom, 2020). 
Therefore, previous studies have paid significant attention to explore sites 
of interactions (Rosenbloom, 2019), their types, intensity, and impact 
on the involved systems (Breitschopf et al., 2023). Two systems can be 
involved in different types of interactions simultaneously, ranging from 
competitive to symbiotic, and the type of interactions can change over 
time (Geels, 2007; Raven & Verbong, 2009). In this chapter we focus 
particularly on the interfaces, or couplings that link different systems 
and are key to achieving compatibility between them (Andersen et al., 
2023). 

Literature distinguishes between two primary types of couplings, 
structural and functional (Konrad et al., 2008). Structural couplings 
are defined as system elements such as technologies (including phys-
ical infrastructure), actors, and institutions that connect multiple systems 
(Konrad et al., 2008). For instance, the installation of harbour charging
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stations can be understood as a technology-related structural coupling 
that connects the maritime transport sector with the electricity system 
(Andersen et al., 2023). This coupling is fundamental as it provides 
the physical and organizational framework necessary for interaction. 
Technology-related couplings represent interactions between supply 
chains and upstream systems during technology development and diffu-
sion, as well as complementary technologies in use contexts. Actor-
related couplings emerge when business actors diversify into other 
systems or when users interact with and transfer learning and experi-
ences across systems. Institution-related couplings emerge when actors 
address institutional mismatches or when common meta-rules develop 
across multiple systems (Andersen & Geels, 2023). 

Functional couplings refer to the flow of resources between systems 
(Konrad et al., 2008), which are facilitated by the structural couplings 
(Andersen & Geels, 2023). For example, the electrical energy flowing 
through the charging stations at the harbour constitutes a functional 
coupling between the maritime transport and electricity systems, creating 
a functional interdependency (Andersen et al., 2023). Ongoing transi-
tions can result in the emergence of new functional couplings across 
systems. For example, Huttunen et al. (2014) showed how biogas 
production can enhance new resource flows between transport, agri-food, 
and energy systems: municipal food waste, among other input materials, 
undergoes anaerobic digestion and hence serves as an input resource to 
produce energy or, after additional refining, to produce transport fuels; 
in turn, the rest products from anaerobic digestion can flow back into 
the agri-food system in the form of nutrients and fertilizers. However, 
the feasibility of functional couplings can be hampered by a lack of corre-
sponding structural couplings, e.g., in terms of incoherent policies across 
different involved systems (Andersen & Geels, 2023; Huttunen et al., 
2014). 

Building on the foundational work of Konrad et al. (2008), Andersen 
et al. (2023) proposed a dynamic and processual nexus building perspec-
tive elaborating how inter-system couplings are created across the four 
dimensions of technology, institutions, actors, and resources. They show 
that the process of building couplings involves tensions, conflicts and 
can result in asymmetric adjustments where one system has to undergo
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larger changes than the other due to power imbalances between actors 
from different systems. Developing technical and institutional compat-
ibility can be a politically fraught process with disagreements on which 
solutions are most desirable, sometimes leading to the implementation 
of sub-optimal workarounds (Andersen et al., 2023). Furthermore, as 
transitions develop from early phases towards acceleration, multi-system 
interactions become more intense and complex (Markard et al., 2020), 
which can be seen in a form of knock-on effects from diffusion of indi-
vidual innovations on wider systems (McMeekin et al., 2019)  or  in  a  
form of increasingly interconnected transitions in parallel systems, driven 
by the same factors and competing for the same resources. For example, 
Nykamp et al. (2023) showed how grid connection challenges were a 
common constraint in the electrification of both ferry transportation, 
construction sites, and ammonia production. 

Inter-System Couplings in the Urban Context 

Multi-system interactions as well as transitions in general are spatially 
embedded (Ferloni, 2022). Hence, urban environments serve as impor-
tant contexts where different types of multi-system interactions are 
created (Frantzeskaki et al., 2017). In terms of technology couplings, 
cities serve as test beds for developing, testing, and upscaling new tech-
nological solutions (Sharp et al., 2024). In one and the same place, 
different innovations are combined with different existing urban systems 
(Hodson et al., 2024). Such processes of experimentation and reconfig-
uration involve competitive as well as complementary interactions across 
technologies and systems (Hodson et al., 2017). During contempo-
rary transitions where outcomes are still evolving and remain uncertain, 
urban contexts can support unexpected connections between previously 
separate elements and systems (Grin et al., 2017; Rohracher & Späth, 
2017). 

Regarding institutional couplings, in the localized contexts such as 
municipalities, understandings of sustainability transition goals are often 
contested. Actors from different systems are driven by different visions, 
leading to institutional environments that are sometimes contradictory
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and sometimes mutually reinforcing (Hodson et al., 2017). As multiple 
interpretations of visions and goals open for multiple development direc-
tions, governance of urban transitions requires integrative approaches 
across different systems, considering conflicts between different solutions 
and systems along with synergies (Grin et al., 2017; Rohracher & Späth, 
2017). 

As for the actor couplings, urban studies highlight the roles of various 
types of actors, including local governments, companies, networks, 
community groups, etc. (Huang & Broto, 2018). In particular, local 
governments can take a central role in driving and intermediating urban 
transitions, with support and engagement of other actors (Broto, 2017; 
Fudge et al., 2016;  Holscher  et  al., 2019). Through this role, local 
governments can intermediate between and within different scales of 
governance (i.e., local, national, and international), hence linking actors, 
practices, and policies of different scales (Gustafsson & Mignon, 2020). 

Method 

Case Motivation 

Earlier transition research has highlighted the interconnections between 
food, energy, and transport systems, despite these systems not typi-
cally being considered together (Huttunen et al., 2014). For instance, 
biogas from agricultural byproducts and the co-location of renewable 
energy technologies on agricultural land demonstrate the potential for 
systemic sustainability transitions across these sectors (Sutherland et al., 
2015). While previous studies have addressed such interconnections at 
the national level, our study shifts the focus to the municipal level, 
examining how key actors, infrastructures/technologies, and institutions 
interact across the food, energy, and transport systems in Gothenburg. 

Gothenburg, located on the southwest coast of Sweden at the mouth 
of the Göta River, provides a suitable setting for studying these multi-
system interactions. As Sweden’s second-largest city, with a population 
of 600,000 and over 1 million in the greater metropolitan area, Gothen-
burg experiences substantial resource flows across these critical systems,
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providing a rich environment for analysing their interconnections. From 
a transport system perspective, Gothenburg stands out as a major hub in 
Sweden, housing key infrastructure such as the municipally owned Port 
of Gothenburg—the largest in Scandinavia, an airport, extensive rail and 
road networks, and global vehicle manufacturers, including Volvo Cars 
and Volvo Trucks that are heavily involved in urban testbeds. The energy 
system in Gothenburg is similarly noteworthy, with the city owning its 
own energy company, Göteborg Energi, and operating a vast district 
heating system. It also has Sweden’s largest installed solar power capacity, 
emphasizing its focus on energy resilience and sustainability. Gothen-
burg’s influence on the food system is notable as well, with the city 
managing large-scale school meal programmes and 3000 hectares of agri-
cultural land. This is particularly relevant in the context of Sweden’s 
low national food self-sufficiency, which adds pressure on Gothenburg 
to enhance food system resilience. Overall, the populous urban context 
of Gothenburg, coupled with the specific characteristics of each system, 
makes it a promising case for studying multi-system interactions. 

Data Collection 

This study was conducted through an in-depth review of policy docu-
ments from Gothenburg municipality, which serve as a crucial data 
source for understanding the municipality’s role in shaping the interac-
tions between the food, energy, and transport systems. Policy documents 
are particularly valuable as they capture the municipality’s strategic inten-
tions, plans, and priorities, offering insights into how these systems are 
managed and interconnected within the urban context. 
The documents were purposively sampled based on their potential to 

illuminate inter-system interactions. This targeted approach helped to 
ensure that the most relevant and informative documents were included 
in the analysis. Table 4.1 offers an overview of the selected documents, 
highlighting the primary system for which they were selected.
Although not formally part of the data collection and analysis process, 

the researchers involved in this study bring with them prior experi-
ence and insights gained from their previous research on the food (e.g.,
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Thomson, 2022), energy (e.g., Mignon et al., 2023), and transport 
systems in Gothenburg (e.g., Werner & Onufrey, 2022; Werner et al., 
2021). The researchers’ background knowledge enriched the current 
analysis, allowing for a more informed and nuanced interpretation of 
the multi-system interactions within the urban context of Gothenburg. 

Data Analysis 

The data analysis was conducted in two phases. In the first phase, each 
author independently analysed the empirical material related to their 
respective system (food, energy, or transport). This involved an iter-
ative process of reading and re-reading the material, with a focus on 
identifying key statements that related to the theme of multi-system 
interactions. These statements were coded according to their relevance 
to structural or functional couplings and were further categorized based 
on the specific dimension of socio-technical systems they pertained to 
(actors, infrastructure/technologies, or institutions). Additionally, each 
author preliminarily identified the system or systems to which each 
coded section was related (food, energy, transport). 
Following the initial independent coding, a collaborative discussion 

was conducted to consolidate and refine the findings. In this joint 
session, each author presented the coded segments from their analysis 
for collective review. The goal was to develop a cohesive understanding 
by comparing and integrating the independent analyses. This collabo-
rative process allowed for a more comprehensive cross-system analysis, 
where structural and functional couplings identified in one system (e.g., 
food) were examined in the context of findings from the other systems 
(e.g., energy and transport). This integrative approach facilitated the 
identification of connections and interdependencies across the systems, 
thereby deepening the understanding of how these systems interact. By 
collectively leveraging the insights and perspectives of the researchers, 
this phase ensured a more thorough examination of the cross-system 
interactions.
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Findings and Analysis 

Technology Couplings 

Analysis of the strategic planning documents from the municipality of 
Gothenburg reveals several key established, emerging and planned tech-
nology couplings across the energy, transport, and food systems (see 
Table 4.2). Among the established couplings, the connection of food 
waste with the energy and transport systems stands out. For instance, 
waste food is processed and incinerated at municipal co-generation plants 
(e.g., Sävenäs), providing electricity and district heating. Biogas produc-
tion from waste slurry, transported to various biogas facilities in the 
region, reflects how the need for more local renewable energy can create 
new operational dependencies (e.g., on large fleets of trucks for waste 
transport). However, these couplings also highlight potential tensions. 
For example, the intensified use of transport to move slurry (involving 
around 30 trucks per week) potentially decreases the benefits of biogas. 
This tension underscores how multi-system interactions can generate 
unintended knock-on effects if the necessary supporting infrastructure 
(e.g., pipelines or local treatment plants) is underdeveloped. 

Among the emerging technology couplings, notable examples include 
a pilot project for indoor food production and initiatives focused on 
alternative charging methods for electric vehicles. The indoor food 
production pilot, which links the energy, transport, and food systems, 
involves the development of a food production facility that utilizes excess 
heat from a data centre owned by the municipal energy company. Due 
to its urban location, the transportation required to deliver produce to 
customers is significantly reduced. The municipality’s focus on alterna-
tive charging (e.g., wireless systems, high-powered stations) indicates the 
broader electrification drive in the region. Yet, these initiatives remain in 
pilot or early roll-out phases, highlighting the risk of fragmented imple-
mentation if city-wide coordination lags behind technological advances. 

Finally, among the planned technology couplings are the ongoing eval-
uations of a future carbon capture and storage (CCS) and hydrogen 
production plant, which point to a strategy to transform local industry 
and transport networks. Documents indicate that such a plant would
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have the potential to capture emissions from the local industry 
(including refineries and other manufacturing industries), to trans-
form and store it within and outside of the municipality’s boundaries. 
However, the technical viability of this would require extensive inter-
system coordination on how carbon is stored and transported. 

Table 4.2 Overview of couplings identified in the data (E stands for electricity, 
T for transport, F for food) 
Document Structural couplings Functional couplings 

Technology 
couplings 

Institutional 
couplings 

Actor 
couplings 

Energy 
docu-
ments

- electricity grid 
E+T+F

- district heating 
grid E+T+F

- waste-to-energy 
plants E+T+F

- hydrogen 
production plant 
E+T

- carbon capture 
and storage plant 
E+T+F

- smart control 
systems/batteries 
E+T

- charging stations 
for heavy 
transport E+T

- biocarbon 
production E+T+F

- action plan 
for energy 
E+T+F

- environment 
and climate 
strategy 
E+T+F

- arenas for 
dialogues 
among 
transport & 
energy actors 
E+T

- explicit goals 
to influence 
policies 
outside the 
boundaries 
of the cities 
E+T+F

- explicit goals 
to influence 
citizens and 
local organi-
zations’ 
practices. 
E+T+F

- Göteborg 
Energi AB

- Göteborg 
Energi Nät 
AB

- Vattenfall 
and Svenska 
Kraftnät

- Renova AB
- Gryaab AB
- Preem AB 
and St1 AB

- Göteborgs 
Hamn AB

- business 
region 
Göteborg

- Förvaltning 
AB Framtiden

- Higab
- Älvstranden 
Utveckling 
AB

- Göteborg 
municipality

- electricity production 
based on various 
inputs (e.g., solar, 
wind, (bio)gas, waste 
incineration) ⇒ grid 
⇒ batteries, charging
stations.

- electricity generation 
and waste 
incineration 
(including food) Þ 
district heating

- food (or other 
organic) residue ⇒ 
electricity generation 
(and district heating) 
or slurry ⇒ biogas 
production (and 
transport fuel)

- CO2 from various 
industries ⇒ CCS 
plant ⇒ storage
areas

- food (or other 
organic) residue ⇒ 
biocarbon (will be 
used locally or
transported).

(continued)
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(continued)

Document Structural couplings Functional couplings

Technology
couplings

Institutional
couplings

Actor
couplings

Transport 
docu-
ments

- charging 
infrastructure for 
electric personal 
cars and heavy 
vehicles E+T

-wireless charging 
infrastructure for 
personal cars, via 
charging plates 
integrated into 
the asphalt E+T

- electric road 
systems for goods 
transport E+T

- charging 
infrastructure for 
hydrogen cars E+T

- energy services 
related to electric 
charging E+T

- technologies for 
electricity grid 
improvements: 
Capacity 
enhancements, 
load/power 
control, local 
electricity 
production, V2G, 
battery storage 
E+T+F

- electrification 
plan E+T+F

- transport 
strategy E+T

- strategic 
programme 
for business 
development 
E+T

- business 
region 
Göteborg 
coordinates 
the imple-
mentation of 
the 
electrification 
plan E+T+F

- explicit 
ambition for 
coordination 
at the system 
level to avoid 
possible goal 
conflicts/sub-
optimizations 
E+T+F

- explicit 
ambition to 
have an 
overall 
strategy and 
plan for 
charging 
infrastructure 
and 
cross-sector 
electrified 
transport and 
energy 
supply E+T

- policy goal 
for 
availability of 
charging 
options 
matching 
societal 
needs E+T

- business 
region 
Gothenburg

- Volvo cars & 
Volvo AB

- Chalmers, 
RISE, 
Lindholmen 
Science Park

- Renova AB
- Göteborg 
Energi

- Vattenfall 
and Svenska 
Kraftnät

- Göteborg 
Hamn

- Göteborg 
municipality

- electricity ⇔ electric 
vehicles E+T

- City’s purchased 
transport services 
include 
transportation of 
food, e.g., to schools. 
T+F

- within urban goods 
transport, food waste 
collection is one of 
the primary functions 
T+F

(continued)
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(continued)

Document Structural couplings Functional couplings

Technology
couplings

Institutional
couplings

Actor
couplings

Food 
docu-
ments

- water treatment 
plant E+F

- multi-functional 
greenhouse 
concept E+F

-waste-to-energy 
plant E+T+F

- Gothenburg 
harbour E+T+F

- City plan 
E+T+F

- waste 
management 
plan E+F

- Gbg City 
guidelines for 
procurement 
E+T+F

- Gbg City 
report on 
circular food 
production 
E+T+F

- public meals 
policy E+T+F

- Göteborg 
municipality

- Göteborg 
energi AB

- Renova AB
- St1 AB
- business 
region 
Göteborg

- Gryaab AB

- food waste Þ 
processing facility Þ 
slurry transported 
around the west 
coast of Sweden for 
biogas production 
E+T+F

- waste water and 
sewage ⇒ biogas 
and fertilizer ⇒ food
production. E+F

- data Centre residual 
heat ⇒ indoor 
growing E+F

- food waste ⇒ 
waste-to-energy plant 
⇒ electricity E+T+F

- Most of the food 
consumed in 
Gothenburg imported 
from abroad, much 
arrives through 
Gothenburg harbour, 
as well as the 
majority of food 
produced in 
Gothenburg being 
exported to the rest 
of the world T+F 

Institutional Couplings 

The data highlights both explicit and implicit institutional couplings that 
shape multi-system interactions. Explicit institutional couplings stem 
from formal policy documents, such as the Action Plan for Energy and 
the Electrification Plan, where couplings between systems are described, 
planned, and framed. For instance, the Action Plan for Energy, a 
document setting the agenda for the period 2022 to 2030, states that: 

“The energy system in Gothenburg consists of several interconnected 
systems…It is necessary to see the connections between the systems to under-
stand the whole and to avoid suboptimization when a single goal is to be
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reached. To focus on the connections between the subsystems will be necessary 
to create synergies and achieve the municipality ‘s energy and climate goals”. 

(Göteborg Stads Energiplan 2022–2030, p9).1 

These documents explicitly establish goals, visions, responsibilities, 
budgets, and targets that often shape multiple systems. For instance, the 
action plan for energy sets objectives for electricity production that also 
support the electrification of the transport sector, defining responsibilities 
and mandates for actors operating at the intersection of the energy, food, 
and transport systems. Each document also specifies whether the policies 
are binding or non-binding and whether the objectives fall within the 
direct or indirect influence of the municipality. In some cases, such as the 
municipality’s procurement guidelines, the policies are binding, while in 
others, such as the municipality’s infrastructure planning document, the 
policies are non-binding and serve as long-term strategic guidance. 
Implicit institutional couplings involve less formalized objectives and 

ambitions, where influence is exerted indirectly, often without quantified 
targets or direct enforcement. These concern institutional influences that 
the municipality intends to have on actors or decision-makers outside its 
geographic boundaries. For instance, the action plan for energy indicates 
that the municipality intends to influence the government and the Euro-
pean Commission’s decisions and policies related to biogas. Likewise, in 
the report on circular food production, the municipality indicates that 
although its direct influence on sustainable consumption and produc-
tion is limited (to its own organization), it aims to indirectly influence 
actors (such as citizens) in choosing more sustainable food alternatives. 
However, the existence of both explicit and implicit couplings exposes 
the potential for institutional tensions that can result in fragmented or 
uneven implementation where some goals are fully enforced (e.g., waste 
collection) while others remain advisory (e.g., circular consumption and 
production).

1 Quotes were translated by the authors. 
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Actor Couplings 

Actor couplings emerge as a principal driver of multi-system interactions, 
with substantial overlaps visible between the focal system documents. 
Central actors linking the three systems include, for instance, Gothen-
burg municipality (encompassing various departments), which serves 
as a central actor overseeing the food, energy, and transport systems.2 

Gothenburg municipality is the main owner for a number of key compa-
nies, including the municipal energy company Göteborg Energi AB, the 
resource management and recycling company Renova AB, the port of 
Gothenburg Göteborgs Hamn AB, and the municipal economic devel-
opment agency Business Region Göteborg. Each of these companies are 
local nodes between systems. For example, Göteborg Energy AB supplies 
electricity, district heating, and energy services, and has a growing role 
in electric vehicle infrastructure. Likewise, Renova AB, besides being a 
key player in the resource management of the municipality, also operates 
70% of the city’s own heavy vehicles, tying transport to energy through 
waste incineration and biogas. 

In addition to these multi-system actors, there are also actors that 
have strong couplings between two systems. For example, Gryaab AB 
is the wastewater handling and treatment plant owned by Gothenburg 
municipality; it links the food and energy systems through the treat-
ment of sludge (from food waste) which is used for both fertilizer 
and biogas production. Likewise, the municipal real estate companies 
Förvaltning AB Framtiden, Higab, Älvstranden Utveckling AB connect 
the energy and transport systems through their use of electricity and 
vehicle charging infrastructure, and in some cases, installation of solar 
cells on their buildings. 

Functional Couplings 

The analysis identifies multiple functional couplings among energy, 
transport, and food. Electricity, produced from waste incineration and

2 It should however be noted that the lack of a comprehensive food perspective has led to calls 
for an official collaboration function focusing on food system transformation. 
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biogas digestion, is fed into the transport system, powering electric 
vehicles. Conversely, discarded food and wastewater become inputs for 
energy production, illustrating a circular approach, but also revealing 
conflicts if food waste is valued primarily as an energy feedstock rather 
than being prevented or redistributed. 
The transport system not only demands energy (electricity, biofuels) 

but enables resource flows (e.g., delivering imported food, collecting 
food residuals). Transport ensures that goods, such as food produced 
outside municipal boundaries, can reach their destination. Moreover, 
collection of discarded food, which is an important input for electricity 
production, is also possible only if it can be transported. In turn, trans-
portation of urban waste is among the first electrified applications of 
urban goods transport in Gothenburg. Future plans for carbon capture 
systems and hydrogen production will also hinge on the ability of the 
transport system to support these resource flows. 
Finally, the food system is often portrayed as a downstream user of 

energy and transport, with emphasis on waste disposal over production 
inputs. The municipal documents note an aspiration to reduce external 
dependencies (e.g., imports) but lack detail on how local production 
will scale. This imbalance suggests a power dynamic where energy and 
transport systems dominate municipal planning, leaving food somewhat 
peripheral except as a source of residuals for energy generation. 

Discussion 

When drawing on the results of the mapping of interactions presented 
above, several notable patterns emerged that allow for the identification 
of interaction weaknesses and the drawing of empirical and theoretical 
implications for a sustainable transition in the urban context involving 
multiple systems. 

Firstly, it is interesting to note that the municipality of Gothen-
burg explicitly recognizes the interdependence of transition processes and 
systems, advocating that they must be considered collectively rather than 
independently. Yet, despite this understanding, the mapping of couplings 
shows that dual system couplings between the energy and transport
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systems remain the most prevalent ones. While some couplings involving 
the food system do exist, they tend to be more implicit. Notably, among 
actor and functional couplings, key actors from the food system were 
absent. As a consequence, it is fair to stress that there is a mismatch 
between the ambitions of the municipality, and the structures put into 
place to facilitate and organize such interactions. 

From a policy perspective, this means that awareness and ambition 
alone are not sufficient to foster multi-system interactions. Instead, it is 
important for governing bodies such as municipalities (1) to keep track 
of the interactions taking place and the structures put into place for 
these interactions (2) to identify weaknesses in the interactions and in 
the structures put in place, and (3) to adjust the structures to remedy for 
the lack of interactions. To exemplify, through the mapping of techno-
logical, institutional, actor, and functional couplings (Table 2), it appears 
that the food system is not explicitly mentioned in some strategic docu-
ments, plans, or policy goals, despite it being impacted by these policies. 
Likewise, several projects and dialogue arenas have been created, where 
representatives of one system are missing. The next step would then 
be for the municipality to adjust this lack of couplings to facilitate 
interactions. 

From a theoretical perspective, the prevalence of dual interactions 
(i.e., rather than multi-system interactions) presented in the mapping 
reflects rather well the current state of the literature on multi-system 
interactions. It shows that while scholars and practitioners understand 
the need to consider multiple systems together, it is seldom done in prac-
tice. Urban environments, while being sites for multi-system interactions 
(Frantzeskaki et al., 2017), appear insufficient by themselves to foster 
meaningful attention to these interactions. This calls for future research 
to develop new methods to study multi-system interactions that can be 
used for both researchers and practitioners. A further development of 
coupling mapping, which was performed in this study, may be a way 
forward for increased awareness of multi-system interactions in policy-
making. For instance, interviews with involved actors would be a way 
to reveal the underlying tensions and conflicts present in multi-system 
interactions.



112 I. Mignon et al.

Another significant pattern in the mapping is that actor couplings 
show the largest number of interlinkages between systems. As illustrated 
in Table 2, in a municipality such as Gothenburg, several actors play 
key roles across multiple systems. This pattern of actor couplings repre-
sents a potential strength allowing for broader multi-system interactions. 
Indeed, the studied actor couplings in the Gothenburg municipality are a 
starting point where additional couplings (technology, institutional) can 
be initiated and where synergies can be highlighted and exploited. As 
highlighted above, this emphasizes the critical need to map key actor 
couplings and identify missing actors and resolve the gaps by involving 
key actors. In our case, important actors from the food system, such as 
food producers and retailers, were missing, e.g., in dialogue groups. This 
stands in stark contrast to the energy and transport systems where private 
sector actors are highly involved and exert significant influence. This lack 
of representation of the food system could explain the limited number 
of technological, institutional, and functional couplings highlighted 
between the systems across the studied documents. Once identified, the 
lack of representation (and the uncovered potential of interactions with 
the food system) may rather simply be handled by involving relevant 
actors. Theoretically, while previous studies highlighted the importance 
of different types of couplings and positioned structural couplings as 
prerequisites for functional ones (Andersen & Geels, 2023;  Konrad  
et al., 2008), our analysis suggests that actor couplings can serve as a 
foundation for building other types of structural couplings. 

Apart from having more limited interactions with the other systems, 
the food system exhibits minimal structural similarity to the energy 
and transport systems, especially from the vantage point of a municipal 
actor within an urban context. While municipalities often exert signif-
icant control over the energy and transport sectors, the food system is 
markedly different. It is characterized by a decentralized, heterogeneous, 
and intricate mix of subsystems, lacking the centralized oversight typi-
cally seen in energy and transport systems. This decentralization results 
in a more complex and less uniform structure, posing unique chal-
lenges for urban governance and integration into broader socio-technical 
transitions. Such complexity may explain why food in our study was 
predominantly considered by the municipality from the perspective of
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disposal and the focus on earlier stages of the supply chain (i.e., food 
production) was entirely absent. 

Finally, it is interesting to notice that in contrast with the energy 
and transport systems, where increased or stronger interactions with 
other systems are typically encouraged, the food system in our study 
showed signs of aiming to reduce its interactions with the transport 
system. For example, the pilot indoor growing project by virtue of being 
situated in the urban context, inherently reduces the need for exten-
sive transportation, thereby lessening its interaction with the transport 
system. 

From a policy perspective, this raises the question of how to orga-
nize multi-system interactions, when these interactions aim at being 
reduced. In such situations, e.g., in cases where dependencies with nega-
tive consequences on the environment, it may be necessary for a neutral, 
long-term thinking actor with no (or little) commercial interest to act 
as an orchestrator of multi-system interactions. Gothenburg munici-
pality, as a public actor with societal and long-term interests (rather 
than commercial interest), and as the owner of several municipal compa-
nies within the energy, food, and transport systems, distinguishes itself 
as the primary governing actor of urban multi-system interactions and 
may therefore be suitable for playing such an orchestrating role. More 
concretely, this means that representatives of the municipality may lead 
dialogues and collaborations in projects where one of the aims is to lower 
the level of interactions between systems. 

From a theoretical perspective, this finding adds nuance to prior 
research highlighting that multi-system interactions can have adverse 
effects, such as asymmetries or sub-optimal solutions (Andersen et al., 
2023). In particular, our results suggest that multi-system interactions 
should not be a goal in and of themselves; in some cases, reducing or 
limiting interactions may prove more conducive to supporting sustain-
ability transitions.
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Conclusion and Suggestions for Future 
Research 

In this chapter, we went beyond the typical focus on dual inter-
actions, i.e., mapping and explaining interconnections between two 
systems, which have until now mainly been the focus on previous 
empirical studies of multi-system interactions, and instead considered 
mutual interconnections across three systems, i.e., the food, energy, 
and transport systems. Specifically, we mapped the inter-system inter-
actions between key actors, infrastructures/technologies, and institutions 
across the food, transport, and energy systems in Gothenburg munic-
ipality, through the analysis of municipal documents, including policy 
recommendations, guidelines, action plans, and strategies. 

Mapping inter-system linkages revealed planned, emerging and estab-
lished technology couplings, implicit and explicit institutional couplings, 
and multiple key actor couplings across the energy, food, and transport 
systems. Notably, while the municipality of Gothenburg explicitly recog-
nizes the interdependence of transition processes and systems, consistent 
with urban transition studies (Grin et al., 2017;  Hodson  et  al., 2024), 
the prevailing focus in the documents is on dual interactions between 
the energy and the transport systems, rather than broader multi-system 
interactions. This highlights the challenges of effectively integrating and 
prioritizing multi-system linkages and underscores the difficulties of 
operationalizing visions for multi-system transitions, even in urban envi-
ronments, which are often seen as natural sites for such interactions (cf. 
Frantzeskaki & Rok, 2018). 
The mapping performed in this study proved to be a useful tool 

for identifying strengths and weaknesses of existing structures put in 
place to foster multi-system interactions. Among the strengths, struc-
tural actor couplings showed the largest number of interlinkages across 
systems. From a policy perspective, this provides a potential way forward 
to drive multi-system transitions; when key multi-system actors are 
identified, additional interactions, synergies, and roadmaps can be devel-
oped. Actor couplings therefore represent interesting avenues for future 
research aimed at accelerating multi-system transitions. For instance, it 
would be interesting to consider the key multi-system actors from an
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intermediation perspective, considering their potential roles as system 
entanglers (Löhr & Chlebna, 2023). 

At the same time, existing structures, exemplified by municipal plans, 
projects, and dialogue arenas, showed a notable weakness in terms of 
enabling sufficient and balanced (i.e., multi rather than dual) interac-
tions across all three studied systems. In particular, the food system was 
underrepresented and, when present, considered from a limited perspec-
tive of the disposal stage. This could at least partially be explained by 
particularities of the food system, representing a decentralized, heteroge-
neous, and intricate mix of subsystems, lacking the centralized oversight 
typically seen in, e.g., energy and transport systems. 
This study predominantly focused on the analysis of the policy docu-

ments, leading to some limitations. First, the emphasis was placed 
on structural preconditions rather than the processual dynamics of 
multi-system interactions. Second, the mapping reflected the perspec-
tive of municipal departments that were in charge of writing the 
policy documents. To address these gaps, we encourage further in-depth 
studies involving a wider range of organizations’ sources of data. Such 
studies could better capture processual dynamics, including tensions and 
conflicts, and provide deeper insights into the roles of various actors in 
urban multi-system transitions. 
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