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Abstract 
The recovery of ‘waste heat’ from industrial and urban processes could meet a significant share 
of heating demands in urban and semi-urban areas. Replacing conventional heat sources in 
district heating (DH) systems with recovered heat could decrease primary energy inputs in a 
sector that globally relies to 90% on fossil fuels. Yet, despite the environmental, social, and 
economic benefits of waste heat recovery (WHR), it is not widely practiced due to a number of 
non-technical barriers.  

This research aims to analyze governance instruments that local governments can use in order 
to proactively support the integration of WHR in local energy systems. Using a multiple-case 
study approach, WHR-supportive governance in Gothenburg (Sweden), Turku (Finland), and 
Rotterdam (Netherlands) is analyzed, applying a framework of six different governance modes: 
Hierarchical Planning and Regulation, Market Facilitation, Market Provision and Promotion, Network 
Facilitation, Network Coordination and Advocacy, Network and Awareness Raising and Outreach.  

Multiple instruments that local governments can use to support WHR projects were identified 
in a pre-study of the case cities. A key difference was identified between the governance modes 
used by Gothenburg and Turku, both of which have municipally owned DH systems, as 
opposed to Rotterdam whose system is run by multiple private DH providers. This finding 
suggests that ownership of local DH structures has a major impact on governance options to 
support WHR. Taking into account further contextual factors, the replicability of governance 
modes and instruments identified is discussed. In conclusion, recommendations for local 
governments willing to support WHR in their context are provided, encouraging local 
governments to use their central position in local energy systems to connect and coordinate 
WHR-relevant actors, and to establish WHR-supportive planning and decision-making 
processes.  

This contribution is the first work compiling governance instruments which local governments 
can use in order to support WHR and thus is particularly of interest for practitioners, but also 
relevant for researchers in the field. Further case studies on WHR-supportive governance would 
diversify the findings. The generalizability of the framework developed in this study, should also 
be further tested by analyzing local level governance in other sectors.  

 

Keywords: waste heat recovery, district heating, energy governance, governance instruments, 
modes of governance 

 



Keeping the (Waste) Heat in the City 

III 

Executive Summary 
If not recovered, ‘waste heat’ that originates from industrial- and urban processes disseminates 
into the environment. Estimates on waste heat potentials indicate significant capacities, of 
around 20% of the total annual heat demands, for residential space heating and hot water 
preparation in the European Union could be met through the energy from wasted heat. While 
the recovery of waste heat at high temperatures, from activities such as metal processing or 
petroleum refineries, is practiced in several places, especially in Northern Europe, the recovery 
of waste heat at low temperatures, like from food processing, cold storage, data centers, or 
metro systems, has only been tested in few pilot projects so far. But when integrated into district 
heating systems, waste heat can replace large scale fossil fuel boilers that are commonly used at 
present. By reducing primary energy inputs in local heating systems, waste heat recovery (WHR) 
mitigates the environmental and social impacts of these systems. In addition, it contributes to 
local value capturing, and decreases dependence on fuel imports. Yet despite all these benefits, 
several barriers currently hinder the implementation of WHR projects. Mapping different types 
of non-technical barriers to WHR in this study, including knowledge, cognitive, economic, legal and 
institutional barriers, revealed that local governments are promising actors in addressing these 
barriers. They play a central role in local energy systems and have an interest in cross-sectoral 
energy efficiency improvements, which individual actors may not have. 
For local governments willing to support WHR however, few resources on governance options 
exist so far. Theoretical studies on urban WHR are limited to technical aspects, and the sole 
prior case study on WHR related governance which was identified, is limited to the planning 
process, excluding the implementation of WHR projects.  
Against the background of this knowledge gap, and the sustainability potential of WHR, the 
thesis aims to analyze the governance instruments that local governments can use to proactively 
support the implementation of WHR solutions. It does so by analyzing different modes of 
governance, as a logic through which governance instruments can foster WHR. It is guided by 
two main research questions: 
 

RQ1: Which WHR-supportive governance instruments can be identified in earlier research?  

RQ2: How have three case cities supported WHR in the past and how are they supporting WHR at present?  

 Which motivations stimulated WHR-supportive governance? 

 Which barriers to WHR occurred? 

 Which governance modes and instruments are applied to address barriers to WHR? 

 Which contextual factors enabled WHR projects and WHR-supportive governance? 

RQ 1 works as a preparatory research step for the multiple-case study at the core of this research. 
Cases analyzed in order to answer RQ 2, are the cities of Turku in Finland, Gothenburg in 
Sweden and Rotterdam in the Netherlands. While Turku has been a collaboration partner from 
the start of this project, the other two cities were chosen due to progressive activities regarding 
WHR mentioned in grey literature. In total 14 semi-structured interviews with mainly 
representatives of the city authorities and energy companies in the case cities were conducted. 
Data collection and analysis in both research steps was guided by an analytical framework that 
was developed based on the literature review. 

WHR, within the scope of this thesis, is realized in district heating (DH) systems. DH systems 
connect heat sources with places of heat demand through transmission pipes, and traditionally 
are fueled by centralized, large scale boilers. Due to their flexibility towards heat sources, waste 
heat sources can be integrated in existing DH networks, and thus become part of the same 
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socio-technical system. Actors, infrastructures, and legal frameworks in WHR and DH, are 
expected to be closely related, however not identical. 

The literature review found that local governments, based on their capacities, can take different 
roles to support the development of local DH systems. They can support DH as planner and 
regulator (through developing energy strategies, visions, goals or targets), facilitator (through 
financial or fiscal incentives, investing in city assets or pilot projects), provider and promoter 
(through self-governance, tariffs, acting as a large consumer), coordinator and advocate (through 
providing or generating data, facilitating partnerships) and through awareness raising and outreach 
(for DH, locally and on upper governance levels).  
Other scholars that analyzed local energy and transition governance described different logics 
through which governance is realized and actors are coordinated. They distinguished three ideal-
type modes of governance: Hierarchical governance that uses top-down steering, legitimized by 
authority, network governance that reaches shared objectives through trust and contracts in 
horizontal relationships, and market governance that uses economic incentives to motivate market 
agents.  

In the analytical framework for this study, six different modes of governance to address barriers 
to WHR were developed from the interlinked roles and ideal-type modes of governance. These 
include: Hierarchical Planning and Regulation, Market Facilitation, Market Provision and Promotion, 
Network Facilitation, Network Coordination and Advocacy, Network Awareness Raising and Outreach.  

In order to answer RQ 1, multiple examples of WHR-supportive governance instruments 
mentioned in academic and grey literature, as well as on online resources, were identified. They 
included energy goals and strategies, energy potential mapping, a waste heat registry, DH 
connection policy, self-governance in public procurement, investments in city assets, and 
facilitating partnerships. The most common instrument was to set up pilot projects. Further 
instruments suggested in theory, but not applied in practice yet, included obligations to recover 
generated waste heat, tax breaks and investment subsidies for WHR infrastructures.  
 
The analysis of governance modes and instruments applied in the case cities, in order to answer 
RQ 2 was done in two steps. In a first step, data from each case was analyzed separately. In a 
second step, similarities and differences between the three cases were identified.  
 
The individual analysis showed high- and low-temperature WHR projects are realized to a 
different extent in the case cities. In Gothenburg high-temperature WHR is established while 
low-temperature WHR is not significantly addressed yet; in Turku, there is governance activity 
on developing both; and in Rotterdam, high-temperature waste heat is abundant, while DH 
demands are low, so governance activities currently focus on increasing DH connections.  
 
The main motivation for WHR, across cases, is to reach municipal climate goals. Economic 
factors have been a driver for implementing WHR as well. Barriers that currently hinder WHR 
in the case cities, partly confirmed the barriers identified in literature. Some barriers identified 
complement prior findings, including a lack of knowledge on storage technology, insufficient 
DH connections, and context specific legal barriers, including unfavorable electricity taxation, 
and temperature requirements in DH systems.  
 
Multiple governance instruments that are applied in the case cities, to explicitly, or implicitly 
address barriers to WHR, were identified. They cover the six governance modes of the 
analytical framework. In order to address institutional barriers to WHR, Hierarchical Planning and 
Regulation, mainly through goal setting, was applied. Knowledge and cognitive barriers were 
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addressed by Network Facilitation, and Network Coordination and Advocacy. In order to address 
demand as a barrier, governance instruments reflecting a broad variety of governance modes 
were applied, including Market Facilitation, Market Provision and Promotion, Network Facilitation, 
Network Coordination and Advocacy, and Hierarchical Planning and Regulation. In order to address 
financial barriers, Market Facilitation, Network Coordination and Advocacy are applied by the case 
cities, and in order to address legal barriers, Network Awareness Raising and Outreach was used. 
 
The results reveal a significant difference in the governance modes and instruments applied by 
Gothenburg and Turku, both with municipal owned DH systems, and Rotterdam, with multiple 
private DH companies. This difference suggests that ownership of local DH structures, has a 
major impact on governance options to support WHR.  
Besides the ownership situation, further contextual factors enabled WHR, or WHR-supportive 
governance in the case cities, including financial support from national governance levels, 
existing infrastructures, financial and human resources, favorable electricity prices, and a 
proactive DH company. The replicability of the governance instruments identified is discussed 
on basis of these context specific factors. As a conclusion, the following recommendations for 
local governments willing to support WHR in their context can be made: Local governments 
should: 

o Explicitly integrate WHR in municipal energy goals and strategies;  
o Apply WHR-supportive, combined urban and energy planning including clear 

planning and decision-making principles; 
o Establish systematic processes to assess and document local waste heat potentials; 
o Make use of WHR opportunities in urban development projects; 
o Initiate and facilitate partnerships that potentially lead to the realization of WHR 

projects; 
o Address all WHR-relevant aspects with equal care: waste heat source(s), heat demand 

DH pipes and connections, financial resources, political support; 
o Exchange experiences on technologies, business model, and governance approaches 

with other localities, for instance in city networks;  
o Align strategies with upper governance levels. 

Governance instruments and modes local governments can use to address different types of 
barriers in specific contexts are presented in the subsequent table.   

Governance Instruments  Mode Context 

To address institutional barriers to WHR 

Define municipal energy goals and 

strategies 

- Coordinate action across sectors 
- Alignment with upper governance levels 

Hierarchical Planning 
and Regulation  

 

Any ownership structure 

If limited authority: 
combine with other 
approaches 

Combine urban and energy planning 

Define clear decision making principles, 
e.g. ‘energy hierarchy’ 

Hierarchical Planning 
and Regulation  

Any ownership structure 

Initiate or facilitate WHR-partnerships  Network Coordination 
and Advocacy 

Any ownership structure 

To address knowledge and cognitive barriers to WHR 

Assess and document local WHR potentials 
systematically 

Network Facilitation Any context 
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Collaborate with universities on mapping of 
local waste heat potentials 

Network Coordination 
and Advocacy 

Low human and financial 
resources 

Conduct pilot and research projects,  
e.g. in collaboration with academia or potential 
technology provider  

Network Facilitation 

 

High human and financial 
resources 

Exchange existing knowledge between cities, 
e.g. through city networks 

Network Coordination 
and Advocacy 

Low human and financial 
resources 

To address financial barriers to WHR 

Consider long-term benefits of  investments in 
DH infrastructure  

All Any context 

Invest in public WHR infrastructures 

- Select business model and contract design 
carefully 

- Distribute risks by decentralizing heat 
generation; using potentials of low-
temperature DH (LTDH) 

- Consider joint investments with waste heat 
provider 

Market Facilitation Sufficient financial 
resources 

Facilitate long-term planning of private actors 
(e.g. through low-or zero-interest loans or 
long-term contracts and permits) 

- Design contracts carefully 

Market Facilitation  Insufficient financial 
resources 

To address market related barriers to WHR 

Raise awareness for policy needs at national 
governance levels 

Awareness Raising and 
Outreach 

Any 

Procure recovered heat in public buildings Market Provision and 
Promotion 

High public heating 
demands 

Stimulate heat trading by providing key 
infrastructures, e.g. transmission pipes 

Market Facilitation Sufficient financial 
resources 

Arrange partnerships with third actors that can 
supply or procure recovered heat 

Network Coordination 
and Advocacy 

Low public heating 
demands 

Support WHR integrative infrastructures and 
building designs (e.g. through requirements to 
assess WHR potentials, and use agreements, or 
building codes) 

Hierarchical Planning 
and Regulation 

City development projects 

Participate proactively in the development and 
testing of WHR solutions 

Network Facilitation City development projects 

Sufficient human and 
financial resources 

Facilitate partnerships between third actors 
and provide them with WHR-relevant 
information to stimulate projects 

Network Coordination 
and Advocacy 

City development projects 

Insufficient human and 
financial resources 
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1 Introduction  
Waste is commonly defined as “a bad use of something valuable that you have only a limited 
amount of (Cambridge English Dictionary, 2020).” - Approximately two thirds of global primary 
energy production dissipates as heat into the environment, and is termed energy ‘losses’ (Grübler 
et al., 2012). Such energy losses include large shares of ‘waste heat’ from industrial or urban sources 
that could however, still be used. Estimates on waste heat potentials indicate significant capacities 
– approximately 20% of the total annual heat demands for residential space heating and hot water 
preparation in the European Union (EU) – could be met through waste heat (Papapetrou et al., 
2018; Persson & Averfalk, 2018). Replacing conventional energy sources through energy from 
waste heat, can thus reduce the primary energy inputs in local systems. This has benefits from both 
an environmental and social perspective. At present, 90% of primary energy inputs in the global 
heating sector rely on the combustion of fossil fuels (IEA, 2019a). Greenhouse gas (GHG) 
emissions from fossil fuel combustion in this sector contribute significantly to climate change 
(IPCC, 2014), which is associated with global environmental and social impacts (Field et al., 2014). 
Furthermore, waste heat recovery (WHR) has additional benefits at the local level: it contributes to 
local value capturing and a decreased dependence on fuel imports. Yet, despite these benefits, 
WHR is not widely practiced (Persson, 2015). A number of non-technical barriers currently hinder 
the implementation of WHR projects (ReUseHeat, 2019a). 

However, action at the local level is needed and city governments are perceived to be crucial in 
implementing sustainability transitions (Bulkeley, 2010; Hodson & Marvin, 2010). Energy demands 
are expected to increase in the future (IEA, 2019b), and a significant share of this global energy 
demand is expected to come from cities (IRP, 2018), making them ‘key enablers of change’ (EEA, 
2019). In terms of WHR, cities and regional governments seem well suited to promote the 
implementation of WHR in local energy systems – they have significant potential for WHR, as 
waste heat sources and heating demands occur in close spatial proximity. They also have an interest 
in local value capturing and cross-sectoral energy efficiency improvements that individual actors 
might not have. In addition, many municipalities play a central role in local energy systems through 
operating municipal energy companies, investing in energy infrastructures, or coordinating urban 
energy planning. To date, however, there is a lack of research and information on WHR-supportive 
governance options, which limits effective action at the local level.  

Against the background of the benefits WHR promises, at both the local and global level, analyzing 
WHR-supportive governance is clearly needed. Recommendations for local governments, willing 
to support WHR in their context, are therefore needed in order to utilize the significant potential 
of waste heat. 

1.1 Aim and Research Questions  

The thesis aims to analyze governance instruments that proactively support the local 
implementation of WHR solutions. The research analyzes different instruments and modes of 
governance that reflect different logics through which local governments steer actors and foster 
WHR. It is guided by two research questions: 

RQ1: Which WHR-supportive governance instruments can be identified in earlier research?  

RQ2: How have three case cities supported WHR in the past and how are they supporting WHR at present?  

 Which motivations stimulated WHR-supportive governance? 

 Which barriers to WHR occurred? 

 Which governance modes and instruments are applied to address barriers to WHR? 
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 Which contextual factors enabled WHR projects and WHR-supportive governance? 

Case study cities analyzed in this thesis are Turku in Finland, Gothenburg in Sweden and 
Rotterdam in the Netherlands. While Turku has been a collaboration partner from the start of this 
project, the other two cities were chosen due to their progressive activities regarding WHR 
mentioned in grey literature and websites (Celsius, 2020b; UNEP, 2015). The selection of the cases 
is further outlined in the method section (Chapter 4.1.2), a summary of their characteristics is 
provided in Appendix 3.   

Table 1 Overview on the case cities 

City  Population WHR projects  

Gothenburg 570.000  WHR from St1, former Shell, refinery, since 1980  
 WHR from Preem refinery, since 1998  
 WHR from sewage water, since 1983/1985 

Turku 190.000  WHR from sewage water, since 2009  
 Pilot project two-way DH (65 ºC) in city development 

district Skanssi 
- Currently assessed: WHR from Neste refinery in Naatali 

Rotterdam 650.000  WHR from Shell refinery, since 2018 
- Currently assessed: WHR from data centre 

Sources: see full table in Appendix 3 

The thesis takes a case study approach to investigate how cities are currently supporting WHR 
solutions, by analyzing the approaches used in Turku, Gothenburg and Rotterdam. The case study 
is prepared using a prior research step (RQ 1) that provides an overview on WHR governance 
options, in order to benchmark activities in the case studies. The three cases represent different 
development stages and actor constellations in relation to WHR, which shall provide a broader 
variety of governance instruments applied in different contexts.  

The geographic location of these cities in Western and Northern Europe, as well as their 
industrialized economies, limits their representativeness in terms of cultural, economic and legal 
frameworks. From an analytical perspective, however, the replicability of learnings is possible, while 
from the discussion of governance instruments, methods for addressing certain barriers can be 
generalized. This is discussed further in Chapter 4.2. 

Data collection for the preparatory research-step (RQ 1) was exploratory and exemplary. It does 
not claim completeness. Due to language barriers, mainly English and some German sources were 
used. This created an overrepresentation of projects in Europe and North America. Similarly, data 
collection in the actual case studies (RQ 2) was restricted and relied mainly on interviews.  

The study focusses on WHR projects in ‘open’ DH systems that are connected to dwellings of 
multiple owners and accessible for any actor from a market perspective. This excludes WHR 
projects of individual actors or energy exchange between private companies. These projects 
contribute to regional energy efficiency as well. However, they primarily have exclusive benefits 
for the respective actors involved, which does not match the understanding taken by this study, 
which views open DH systems as a public good. 
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The study focusses on WHR for the purpose of heating. Two of the case cities, Turku and 
Gothenburg, additionally provide cooling services from waste heat. From a technical perspective, 
heat recovery for district cooling (DC) or electricity generation is possible too, and may be 
sustainable in places with low heating demands. Due to transformation losses, however, WHR for 
heating purposes is more favorable. Due to the equivalence of DH and DC systems (Frederiksen 
& Werner, 2013), aspects discussed in the thesis may be equally applicable for DC from waste heat 
or cold. 

1.2 External Partner and Target Audience  

This thesis has been written in cooperation with ICLEI (Local Governments for Sustainability), a 
global network of sub-national governments. ICLEI aims to facilitate knowledge exchange and 
capacity building between sub-national governments (ICLEI, 2019a). The research contributes to 
the Circular Turku project, which aims at developing a regional circular economy roadmap (ICLEI, 
2019b). In addition to accelerating the circular transition of five key sectors in Turku, including 
energy systems, this project is expected to generate replicable learnings that can be adopted by 
other localities (ICLEI, 2019b). The collaboration with ICLEI created the opportunity to identify 
a topic that is of value for the city of Turku, and as well for other cities. With ICLEI being an 
international network, the collaboration increases the chance that the results of this research reach 
the intended audience, local governments and associated decision-makers around the world.  

The results might also be of interest to policy makers at higher governance levels, such as national 
and supranational governments. Furthermore, they may be valuable to any parties potentially 
involved in WHR projects, including private energy companies, property developers or owners, 
and urban planners. In addition, researchers in the field of urban energy governance and planning 
as well as public administration, may also be interested in the results as well 

1.3 Ethical Considerations 
My research is supported by the organization ICLEI and contributes to their current project, the 
development of a circular strategy for the city of Turku. ICLEI and the city of Turku have been 
consulted when defining the scope and focus of the thesis to ensure it is of practical use for them. 
However, the results were collected and analyzed independently, so that results would not be 
adversely influenced by these parties. 

Concerning data collection, all interviews were voluntary. All interviewees were informed about 
the purpose of the study and the manner in which data would be used. Prior to the interviews, they 
gave consent to the recording of the conversation. As with all data, the records were stored on a 
personal, password protected device. Interview protocols were sent to the participants following 
the conversations. In this way the opportunity has been given to check for sensitive information. 
If data seemed politically sensitive, a considerate interpretation and objective presentation has been 
used to the best of the author’s ability. In individual cases, parts of the analysis to which 
interviewees contributed, has been sent out prior to publication. The presentation of the 
respondents is anonymized. In this way, there is no cause to believe that the participants may suffer 
any disadvantage or damage from their participation in the study. 

1.4 Disposition  

After the subject and this work were introduced in Chapter 1, Chapter 2 defines waste heat and 
provides background information on WHR in DH systems. Chapter 3 reviews existing knowledge 
on stakeholder specific barriers to WHR and earlier research on WHR-supportive governance. As 
not much prior research on WHR-supportive governance was identified, it also reviews approaches 
taken by other scholars to analyze urban energy and transition governance. Having been identified 
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in the literature, as common framework elements, three ideal-type modes of governance: 
‘hierarchical, network, and market governance;’ are introduced, describing the logic through which 
governments steer action. Based on the literature review, the analytical framework for the study is 
developed in Chapter 3.4, consisting of six different modes of governance that local governments 
can apply to support WHR, including: Hierarchical Planning and Regulation, Market Facilitation, Market 
Provision and Promotion, Network Facilitation, Network Coordination and Advocacy, and Network Awareness 
Raising and Outreach. 

Chapter 4 presents the research design, methods of data collection and analysis of this study. In 
Chapter 5 results of the pre-study, including examples of WHR-supportive governance instruments, 
are presented. Chapter 6 analyses results from data collection from the case cities. It begins by 
providing an overview of WHR developments in each of the cases, and then analyses governance 
modes and instruments applied by the cities in order to address different types of barriers, including 
institutional, knowledge, financial, market and legal barriers.  

In Chapter 7 the results are discussed. The discussion includes a reflection on the influence of 
different ownership structures on WHR-supportive governance in the case cities. After outlining 
the general relevance of this work, the replicability of the learnings in other contexts is discussed 
as a central contribution. Chapter 8 presents final conclusions by summarizing recommendations 
for other localities and ideas for further research. Figure 1 illustrates this outline.  

 
Figure 1 Disposition (own illustration) 
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2 Waste Heat Recovery 
The literature review introduces WHR as a sustainable heat source in semi-urban and urban energy 
systems. It defines waste heat and introduces different waste heat sources. It demonstrates 
fundamentals to DH systems as a way to recover waste heat. Lastly, it gives an overview on actors 
typically involved in WHR integrating DH systems.  

2.1 Waste Heat as a Sustainable Energy Source 

Waste heat is heat that originates from processes or activities for which it does not have further 
use. Usually, waste heat is ventilated into the ambient air, cooled in nearby water bodies, or simply 
disseminates into the environment (Goldstick & Thumann, 1986). 

As taught by the principle of energy conservation, energy cannot be lost. It can only be transferred 
from one form to another. If not hindered, thermal energy disseminates into its environment in 
order to balance temperature differences (Goldstick & Thumann, 1986). Thermal energy at high 
temperatures has a high quality and thermal energy at low temperatures has a low quality. Energy 
of low quality cannot be transferred to high quality without energy inputs. This means, heat cannot 
fully be re-used. ‘Heat recycling’ is only possible with energy inputs, or at lower temperature levels. 

Among the overall heat released by an industrial process, avoidable and unavoidable excess heat 
can be distinguished (Bendig et al., 2013). Unavoidable excess heat cannot be avoided through 
efficiency improvements. It is called residual heat. The share of the residual heat that is still ‘useful’ 
from a theoretical perspective, called exergy, depends on temperature differences to ambient levels 
(Bendig et al., 2013). 

Even though WHR is seldom restricted from a technological perspective, it does not makes sense 
from an economic perspective in every case (Brueckner et al., 2014). The ‘economic’ waste heat 
potential is determined by quality, quantity and stability of the heat supply. Due to costs of 
transmission pipes and distribution losses, the spatial distance between heat source and heat 
demand additionally impacts the economic feasibility of WHR projects (Brueckner et al., 2014). 
Accordingly, waste heat will here be understood as residual heat that can be recovered from a technological 
and economical perspective (see Figure 2).  

 

Figure 2: Types of waste heat potential 

Source: Created by the author after Brueckner et al. (2014) and Bendig et al. (2013).  



Romy Kölmel, IIIEE, Lund University 

6 

Other scholars have used the terms ‘residual’ or ‘excess heat recovery’ when referring to WHR 
(Broberg et al., 2012; Lygnerud & Werner, 2018; Päivärinne et al., 2015; Persson, 2015). Avoiding 
the term ‘waste’ can prevent the association with ‘not-of-value’. Despite the fact he value of waste 
heat sources need to be communicated to the wider public, the terms cannot be used 
interchangeably, according to the definition presented.  

Some authors include Combined Heat and Power (CHP) or waste to energy plants when defining 
waste heat sources, also termed energy recycling or secondary energy supply (Frederiksen & 
Werner, 2013; Persson, 2015). They perceive heat as a by-product of electricity generation and solid 
waste management. From a sustainability perspective, however, both electricity and solid waste 
generation are favorably reduced in the future. Hence heat from these sources is limited. In Europe, 
recovering heat from CHP and waste to energy plants is quite common in comparison to industrial 
waste heat sources (Persson, 2015). This builds an argument for emphasizing on industrial and 
urban waste heat sources in particular in this research.  

To date, most literature on WHR focuses on industrial waste heat (Al-Rabghi et al., 1993; 
Brueckner et al., 2014, 2015; Miró et al., 2015), and the utilization of ‘high-temperature’ waste heat 
from industries, like petroleum, pulp and paper, chemical, steel and metals industry is established 
in several locations across Europe (Persson, 2015; Werner, 2017). One third of the industrial waste 
heat potential in Europe, however, is ‘low-temperature’ waste heat, below 100 °C (Papapetrou et 
al., 2018). It occurs in industries like food processing, tobacco, and printing and is utilized less 
frequently to date (Papapetrou et al., 2018). Estimations on WHR potentials highly vary in scope 
and results. No global assessment of WHR potentials exist. For Europe, WHR potential from 
industries is estimated at 1.08 EJ/year by Papapetrou et al. (2018), while the amount of industrial 
waste heat currently recovered in EU27 is estimated at 0.025 EJ/year by Persson (2015). This 
shows how small the share of waste heat is that actually is recovered to date. Brueckner et al. (2014) 
reviewed different studies estimating waste heat potentials on a regional level, they indicate 5 to 
30% of industrial heat demands could be covered by recovered waste heat. For individual cities 
this range is even higher. Karner et al. (2016) demonstrated up to 32 % of total heat demands could 
be covered through WHR in four Austrian project regions. 

Recent efficiency improvements in district heating (DH) systems, which are discussed in more 
depth in Chapter 2.2, enable the recovery of heat sources below 100 °C. The opportunity to utilize 
heat sources at lower temperatures, allows to recover not only industrial, bur also urban heat 
sources, like sewage water (Hepbasli et al., 2014), waste water treatment plants (Neugebauer et al., 
2015), metro systems (Revesz et al., 2016) or data centers (Ebrahimi et al., 2014) in DH. The 
potential of urban waste heat for European Union (EU) was estimated at 1.2 EJ/year by Persson 
and Averfalk (2018). This equals 10 % the EU28’s annual total energy demand for space heating 
and hot water preparation in the residential and service sector, estimated at 13.1 EJ (Persson & 
Werner, 2015). Adding the 1.08 EJ/year industrial WHR potential estimated by Papapetrou et al. 
(2018), this leads to an overall WHR potential of roughly 20 % of European heat demands for 
space heating and hot water preparation.  
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             Table 2 Examples of waste heat sources 

 High-temperature (> 100°C) Low- temperature (< 100°C) 

Industrial 

sources 

 Steel and metals 
 Petroleum refineries 
 Chemicals 
 Pulp and paper 

 Food processing 
 Tobacco 
 Printing 

Urban  

sources 

 None identified  Sewage water  
 Metro systems 
 Data centers  
 Refrigeration and cooling 

systems (supermarkets, food 
storage, laboratories) 

  Source: See references in text 

But where is this waste heat best used? It depends on both the temperature of the heat source and 
the temperature demand at the heat sink. Ideally, temperature differences are high enough to cover 
the demand, but should not be higher than needed, because then, waste heat can again be created. 
Low temperature level demands are defined below 100 °C (Frederiksen & Werner, 2013), and heat 
deliveries around 90 °C are typically needed for space heating and hot water preparation 
(Frederiksen & Werner, 2013). However, in modern buildings, deliveries around 30 °C are 
sufficient for space heating (Lund et al., 2014). In addition to residential and service sector heat 
demands, 27% of industrial heat demand occurs on low temperature levels (Brueckner et al., 2015). 
Applications are washing, rinsing, and food preparation. Further heat demands occur from 
agricultural heating for greenhouses or fish ponds, sewage treatment or biogas reactors 
(Frederiksen & Werner, 2013). In Northern European countries specifically, outdoor ground 
heating is used for snow and ice removal on pavements and streets to avoid accidents (Frederiksen 
& Werner, 2013). 

It can be concluded that despite uncertainties on the exact potential of industrial and urban waste 
heat, replace primary energy inputs could be replaced significantly by WHR. As spatial proximity 
between heat source and sink plays a major role for the economic feasibility of projects, waste heat 
potential needs to be assessed on a regional or local scope. The following chapter introduces DH 
systems as the most common way to deliver heat from places of heat generation to places of heat 
demand. 

2.2 Utilizing Waste Heat in District Heating 
Waste heat can be utilized in DH either directly or by ‘upgrading’ it. The direct utilization is also 
referred to as passive heat recovery (Brueckner et al., 2015). Heat exchanger transfer heat from the 
heat source to the transmission medium. Most commonly in DH, the transmission medium is water 
(Frederiksen & Werner, 2013). Pipes, pumps and storage facilities then supply the heated water to 
where it is demanded and return cold water to the heat source where it is reheated. Through heat 
pumps heat sources at lower temperatures than the transmission medium can be utilized in DH 
too. However, this active WHR requires additional energy inputs in form of electricity (Brueckner 
et al., 2015). The environmental impact of such WHR thus depends on the local electricity mix 
(Frederiksen & Werner, 2013)-  
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Figure 3 DH system (own illustration)  

Heat can be exchanged between different ‘urban functions’, activities taking place in cities, if their 
patterns of heating and cooling differ. A particular opportunity exists for instance for heat 
exchanges between supermarkets that require cooling and residential housing that require heating 
(van den Dobbelsteen et al., 2018). Accordingly, heat can be exchanged within or between different 
buildings. DH at district or city level can solve discrepancies of energy balance at neighborhood 
level, as a broader mix of urban functions, like shopping centers, swimming pools or ice skating 
arenas, might be available (van den Dobbelsteen et al., 2018).  

Internationally, DH is the label for a common heat supply for a particular district or area 
(Frederiksen & Werner, 2013). In the US where DH and DC are prevalent, district energy (DE) 
oftentimes is used as a term to combine the labels. Institutional DH systems are made for large 
hospitals, university campuses or military bases and only have one owner. In Europe, only systems 
that connect several building owners qualify as termed DH (Frederiksen & Werner, 2013). 
Following this distinction, only systems that are ‘open’ to several end-customers are regarded in 
this study.  

Distribution losses occur between the heat supply units and the customer sub-stations, depending 
on spatial distances, and the properties of distribution pipes, such as insulation properties and 
diameter (Frederiksen & Werner, 2013). In addition, distribution losses are influenced by the 
transmission temperatures in relation to the surroundings. In traditional DH, supply temperatures 
are around 90 °C (Frederiksen & Werner, 2013) while they are at 30-70 °C in so called ‘low-
temperature DH’ (LTDH) systems (Lund et al., 2014). Return temperatures are typically around 
40 °C in conventional DH (Frederiksen & Werner, 2013), between 20-40 °C in LTDH (Lund et 
al., 2014). Due to a lower temperature difference to the surroundings, LDTH show fewer 
distribution losses, and thus are more efficient (Lund et al., 2014). In addition, they can utilize lower 
temperature heat sources than conventional systems, for instance reheating water from 20 °C back 
to 50 °C with a 60°C heat source.  

Traditionally, DH systems were characterized through ‘central’ heat generation (Werner, 2017), 
utilizing the benefits of economy-of-size compared to domestic boilers (Frederiksen & Werner, 
2013). The possibility to use local fuels and waste heat was a fundamental idea when DH was firstly 
introduced in Scandinavia (Frederiksen & Werner, 2013). In the last decade, renewable energy (RE) 
sources, like geothermal wells, solar collectors and biomass fuels as heat sources additionally 
became important (Werner, 2017). DH systems could be adopted due to their flexibility towards 
the supplying heat source (Frederiksen & Werner, 2013). Combining several heat sources, including 
RE and waste heat, refers to ‘decentralized’ heat generation in DH (Frederiksen & Werner, 2013). 
However, this is not widely applied yet. Most DH system in Russia and China, and several DH 
systems in the EU still rely on large fossil fuel, primary energy boilers (Werner, 2017). 
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Systems of centralized heat generation from fossil fueled CHP are described as 1st and 2nd 
generation of DH. Decentralized DH from CHP including biomass and solid waste boilers are 
described as the 3rd generation. Most recently, the 4th generation DH has been launched (Lund et 
al., 2014). It is characterized by low temperatures (in LTDH), and decentralized, RE sources. The 
role of end-costumers is expected to change in 4th generation DH, as they can become ‘prosumers’ 
(Brange et al., 2016; Lund et al., 2014), in analogy to the concept that already exists in electricity 
systems for solar power feed-ins (Parag & Sovacool, 2016). Prosumers in DH are connected to the 
system in a two-way manner, in addition to obtaining heat, they supply (waste) heat to the grid 
(Lund et al., 2014).  

In sum, LTDH, by introducing the 4th DH generation, will make a wide range of energy exchanges 
and WHR possible in the future.  

Beyond their ability to integrate waste heat and RE energy sources, DH systems have many benefits 
in general. It is increasingly acknowledged that DE, including DH and DC, is the most-cost 
effective way to meet emission targets (Rao et al., 2017). DE systems increase the local 
competitiveness, create revenues, and keep opportunities for further local value creation open (Rao 
et al., 2017), and are seen as resilient and reliable (UNEP, 2015). Through their cost-effectiveness 
DE systems in addition can address and mitigate fuel poverty (Rao et al., 2017). Furthermore, DE 
contribute to indoor and outdoor air pollution reduction (UNEP, 2015). Table 3 summarizes the 
benefits of WHR and DH.  

Table 3 Summary of benefits of WHR and DH 

 
Driver 

Economic  
Benefits 

Social  
Benefits 

Environmental 
Benefits 

WHR Increased 
local/regional 
energy efficiency 

 Local value 
capturing 

 Decreased 
dependence on 
fuel imports 

 Reduction of 
social impacts in 
supply chain of 
primary energy 
generation 

 GHG mission 
reduction 

 Reduction of 
environmental 
impacts in supply 
chain of primary 
energy 
generation 

DH 
Fuel flexibility 

 New revenue 
streams 

 Increase in local 
competitiveness 

 Opportunity for 
further local 
value creation  

 Resilience 
 Reliability  
 cost-

effectiveness > 
addressing fuel 
poverty  

 Reduction in 
indoor and 
outdoor air 
pollution 

Source: Created by author based on Rao et al. (2017) and UNEP (2015) 
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Despite the benefits outlined, most local energy systems are far from taking full advantage of local 
waste heat potentials, and the implementation of LTDH happens rather slowly (Lund, 2018). The 
first systems will be operational soon, for instance in Brunnshög Lund, Sweden and Høje-Taastrup, 
Denmark (COOL DH, 2019).  

DH systems as part of large energy systems can be perceived as ‘Large Technical Systems’, as for 
instance by Palm (2006). Large Technical System change rather slowly, as new technology cannot 
be introduced without considering pre-existing technological parts (Hughes, 1987). If one 
technology is chosen it will continue to affect the development of the system for a long time. This 
is referred to as technological path dependence (David, 1988). Large technological systems are 
‘socio-technical systems’. Social aspects, such as cultural and legal frameworks and actors, are 
shaping them just as their technical components. The following reviews actors typically involved 
in WHR in DH.  

2.3 Actors in Waste Heat Recovery 
Depending on the world region different DH ownership models are present. Initially, in the US 
most systems were privately owned, in Europe municipal ownership and in the former Soviet 
Union and China state owned models were common (Werner, 2017). The lack of financial 
resources and experience prevented further expansion of DH in most European countries. Only 
municipalities in Finland, Sweden, and Denmark had a favorable financial situation based on the 
fact they could apply designated taxes for financing municipal responsibilities, and additionally 
showed strong commitment for DH (Werner, 2017). Across the EU, processes of market 
liberalization caused an increase in private or partly private systems (Werner, 2017). Zeman & 
Werner (2004) identify eleven different ownership models for DH in Europe. The main ownership 
models are public, private and a public-private hybrid (Rao et al., 2017). One distinct characteristic 
of DH systems is their nature as natural monopolies (Palm, 2007). There is only room for one 
company in a geographically limited area. As investments in DH systems are very large it is more 
cost-effective for existing DH companies to expand their network then for new companies to enter 
the market.  

Figure 4 provides a schematic representation of the stakeholder structure of WHR in DH. In some 
cases, one energy company owns and operates the DH system. In others, the owner of the DH 
infrastructure differs from the operator, however, the owner typically keeps some decision making 
power. Depending on the business model, the owner, operator or an additional external party acts 
like an investor that invests in the development of the DH system, or WHR technology. The operator 
either generates heat to sell to the end-customer or purchases heat to sell. When purchasing heat, the 
DH operator becomes a customer that buys, for instance waste heat from a waste heat provider. The 
waste heat provider might be public, in the case of WHR from sewage water, public hospitals or 
sports facilities, or private, for instance in case of waste heat from industrial facilities or data centers.  

Policy makers on different decision making levels further influence the system. National or 
supranational policy influences energy markets and pricing structures. Furthermore, national 
jurisdiction determines the level of responsibility local authorities have and which energy related 
tasks they are mandated to fulfil or not.  

Local governments can be involved in DH through policy and regulation. Additionally, they can be 
involved as owner of local energy companies. In some cases, municipalities have financial resources 
to spend on public infrastructures like DH. Where local governments have limited financial 
resources, they can influence DH through corresponding urban planning (UNEP, 2015). If they 
are part of the local community, most of the presented stakeholder groups, including waste heat 
provider, end-customer, energy companies and investors, are represented, or even controlled, by 
local authorities. These connections give local authorities a central position in local WHR networks.  
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Figure 4 Stakeholder structure for WHR in DH (own illustration) 

After introducing waste heat as a sustainable heat source and demonstrating the centrality of local 
governments in local WHR systems in DH, prior research on WHR-supportive governance at local 
level is reviewed in the following chapter. It is prepared by a review on stakeholder specific barriers 
to WHR.  
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3 Governance of Waste Heat Recovery 
In order to give an overview on which factors WHR-supportive governance needs to address, this 
chapter firstly introduces prior research on barriers to WHR (Chapter 3.1). It then summarizes 
earlier research on WHR-supportive governance, and, as not much prior research on WHR-
supportive governance was identified, reviews approaches taken by other scholars to analyze urban 
energy and transition governance (Chapter 3.2). Three ideal-type modes of governance, identified 
as a common framework, are introduced. They describe the logic through which governments 
steer action, including ‘hierarchical, network and market governance’ (Chapter 3.3).  
 
Finally, the findings from all chapters are brought together in Chapter 3.4. An analytical framework 
for the study is developed by interlinking the three ideal-type modes of governance with five roles 
local governments can take to support WHR based on their capacities. In total, six different modes 
of governance are described that local governments can apply to address different types of barriers 
to WHR.  

3.1 Earlier Research on Barriers to Waste Heat Recovery 

Multiple non-technical factors hinder the implementation of WHR projects at present. As many 
barriers to WHR turn into enablers for WHR when they addressed, this chapter mainly focuses on 
barriers to WHR. Barriers are best understood in their context. For this reason, they are presented 
specific to each stakeholder group in the following.  

The barriers identified were categorized into the following categories:  

 Knowledge barriers, including the lack of knowledge or awareness on technology, business 
model or governance options; lack of context specific data, 

 Cognitive barriers, connected with the lack of trust due to the newness of a solution, 
 Financial or business barriers, including financial risks, and barriers based on current business 

models, 
 Market related barriers, including competition due to current market structures, 
 Legal barriers, including legal restrictions,  
 Institutional barriers, including to a lack of legislation or clear definition of responsibilities, 

processes and goals. 

From the perspective of energy utilities that own or operate DH systems, knowledge and 
experience on how to utilize urban waste heat is limited (ReUseHeat, 2019a). The maturity of 
technologies strongly varies, and especially the recovery of low-temperature waste heat sources is 
not sufficiently tested yet (ReUseHeat, 2019a). High investment costs with long payback periods 
make WHR investments unattractive to this stakeholder group (ReUseHeat, 2019a). In addition, 
WHR may compete with existing business models of selling heat (Päivärinne et al., 2015). 
Especially, if large investments into energy infrastructures, like CHP have been made recently or 
DH systems run over capacity, there is no incentive to invest in WHR. In addition, WHR competes 
with other heat sources which partly are supported by subsidies at present, such as subsidies for 
RE, electric heat pumps, biomass-fueled CHP plants or waste incineration (Lygnerud et al., 2019; 
Lygnerud & Werner, 2018; Kelly & Pollitt, 2010). The inclusion of WHR in national or local 
support programs could additionally help to overcome financial barriers. However, at present, no 
such funds exist (ReUseHeat, 2019a). 

When setting up a business model with potential waste heat providers discrepancies in the 
perceived value of the waste heat were perceived as an issue (ReUseHeat, 2019a). The lack of 
measurement and verification skills made it hard to arrive at mutually accepted business models or 



Keeping the (Waste) Heat in the City 

13 

contractual arrangements in several cases (ReUseHeat, 2019a). A lack of best practices on how to 
distribute risks and benefits has been described (Lygnerud et al., 2019; Moser et al., 2016). An 
additional investment risk, is uncertainty about the competitiveness of WHR in the future due to 
changing primary energy prices over time (Blömer et al., 2019), technological developments or 
future regulations favoring other heating systems (Kelly & Pollitt, 2010). According to Lygnerud 
et al. (2019) the current lack of legal frameworks or standardized procedures poses a cognitive 
barrier to WHR projects, especially for state or municipality owned companies that strongly orient 
themselves on national level frameworks.  

From the perspective of investors, which can be represented by energy utilities but also by a 
separate party, decisions whether to support a WHR project or not depends on the taxation 
situation, the cost of the project and predictions on the price at which the energy can be sold 
(ReUseHeat, 2019a). Possible incentives could be public support through funding or risk 
mitigation, for example public Risk Sharing Facilities (ReUseHeat, 2019a). Qualifying project 
investments as green loans or linking them to tradable Energy Efficiency Certificates could further 
stimulate investments (ReUseHeat, 2019a).  

From the perspective of customers of recovered energy, which can be energy utilities that 
purchase heat from a waste heat provider or end customers, the immaturity of WHR technologies 
poses a cognitive barrier (ReUseHeat, 2019a). Uncertainties about the technology is seen as an issue 
when applying for loans (ReUseHeat, 2019a). The same applies to decisions on purchasing 
recovered heat. The termination of operations by the waste heat provider can interrupt heat supply 
(Grönkvist & Sandberg, 2006; Lygnerud et al., 2019). Back-up systems are needed to cover 
temporary production stops (Päivärinne et al., 2015).  

Potential waste heat provider, similar to the energy utilities, oftentimes lack information on WHR 
options at decision making level (Brueckner et al., 2014; ReUseHeat, 2019a). Corporate 
investments decisions are often short-term and seldom based on life cycle costs which would make 
long-term investments like WHR more attractive (Pehnt et al., 2010). The relevance of WHR for 
the potential waste heat supplier might be low. If WHR disturbs the core business this is a large 
obstacle (Pehnt et al., 2010). The competence to initiate or implement WHR projects might be 
limited. Economic incentives might be lacking and currently there is no regulation enforcing action 
in place (Pehnt et al., 2010). 

Reasons to promote WHR from the perspective of policy makers are internal and external 
motives to reduce GHG emissions and promote resource conservation. However, lacking 
knowledge on technological opportunities and policy options pose a barrier (ReUseHeat, 2019a).  

The liberalization of energy markets has decreased the power local governments have over local 
energy market and infrastructures. Consequentially, centralized and strategic coordination 
decreased (Hawkey & Webb (2014). If local governments have no mandate regarding energy related 
decisions this poses a barrier in the first place (UNEP, 2015; Grönkvist & Sandberg, 2006). 
Defining local governments’ responsibility in regard to WHR could address this issue (Lygnerud et 
al., 2019). The institutionalization of WHR inclusive energy planning, through energy strategies, 
visions, or specialized, cross-departmental working groups can enable WHR, as e.g. shown by the 
city of Rotterdam (Lenhart et al., 2015). In contrast, lacking awareness on available waste heat 
sources and WHR technologies poses a barrier to WHR (Grönkvist & Sandberg, 2006). 
Additionally, the lack of capacity and know-how for the implementation of projects (Hawkey & 
Webb, 2014; Krasatsenka et al., 2017). Short political planning horizons (Lygnerud et al., 2019) 
with changing political and financial climates in public institutions (Lenhart et al., 2015) can 
furthermore prevent continuous support for WHR. Table 4 summarizes the presented stakeholder 
specific barriers to WHR 
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Table 4 Stakeholder specific barriers to waste heat recovery  

Stakeholder BarriersI 

Energy Utilities 
(Operator and/or 
owner of DH 
system) 

 High investment costs with long payback periods (financial) 
 Competition with business of primary heat provision (business) 
 Competition with heat generation from other energy sources (market) 
- Uncertainty about the competitiveness of WHR in the future (changing energy 

prices, technological developments, future regulations) (market) 
 Limited knowledge on and experience with technology (knowledge) 
 Immaturity of technology (cognitive barrier) 
 Lack of best practices on how to distribute risks and benefits 

(cognitive/knowledge) 
 Lack of standardized procedures or legal frameworks (cognitive barrier)  

Investor  Long payback periods (business) 
 Lack of support in funding and risk mitigation (financial) 
- Unpredictability of energy price developments (revenues) and taxation (financial) 

Waste heat 
(end-)customer  

 Awareness on maturity of technology (cognitive barrier)  
- Risk of unstable supply (e.g. temporary production stops and termination of 

operations) (financial) 
- Competition with heat from other heat sources (market) 

Waste heat provider  Lack of awareness on technological options (knowledge) 
 Short-term investments decisions (business) 
 Lack of relevance or even disturbance through WHR (business) 
 Lack of competency to initiate or implement projects (knowledge) 
 Lack of economic incentives (financial) 

National level policy 
maker  

 Lack of awareness on technological opportunities and policy options (knowledge) 
- Changing political and financial climates (institutional) 

Local government  - Lack of mandate (institutional/legal) 
- Lack of planning control on liberalized energy markets (institutional/legal) 
 Lack of awareness and knowledge on technological opportunities and policy 

options (knowledge) 
 Lack of awareness on heat source availability (knowledge) 
 Lack of capacity and know-how for the implementation of projects (knowledge) 
 Lack of institutionalized responsibilities and planning procedures (institutional) 
- Short political planning horizon and changing political and financial climates 

(institutional) 

Sources: in text    I Barriers local governments can theoretically influence with bold bullets. 

Summarizing, multiple barriers for different stakeholder groups currently hinder WHR projects. 
Some are barriers none of the stakeholder groups can influence, such as the predictability of energy 
price developments, others are determined by upper governance levels, such as jurisdiction or 
regulation of energy markets. Local governments can influence some barriers directly, such as the 
institutionalization of responsibilities and planning procedures. Further barriers, lie in the realm of 
local governments, as they can be influenced by actors that local governments have control on or 
can build relationships with. In sum, most of barriers can, at least theoretically, be influenced by 
local governments (highlighted in Table 4 with bold bullets). The fact that local governments have 
such a central position in relation to barriers to WHR, highlights the potential of proactive, WHR-
supportive governance and thus the relevance of this study. In the following chapter, existing 
research on WHR governance is reviewed.  
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3.2 Earlier Research on Governance of Waste Heat Recovery  

Local governments include the governments of cities and regions. While the exact terminology 
often varies, local governments are the lowest tier of administration within a state. They act 
according to legislation and directive by upper governance levels, which can be federal, national or 
supranational governments of multiple states. The autonomy of local governments greatly varies 
between countries.  

The idea that local governments are crucial in implementing societal sustainability transformations 
was first formulated in the Agenda 21 at the conference in Rio 1992 (UN, 1992). Sustainability 
transformations, as targeted by the Agenda 21, include transitions in all societal sub-systems, such 
as food, mobility and energy (UN, 1992). Local government’ s activities in these areas bear the 
possibility to adapt upper level policy to the local circumstances (Jänicke, 2017). At the local level, 
capacities are understood and issues can be addressed accordingly (Jänicke, 2017; Smedby & 
Quitzau, 2016). In addition, local co-benefits can motivate sustainability related action, like climate 
action leading to local air quality improvements (Bollen et al., 2009).  

The interplay between different governance levels, ranging from global to local is described as 
multilevel-governance, a concept originating from the description of policy processes in the EU 
(Stephenson, 2013). Vertical and horizontal relationships characterize multilevel-governance on 
each level, as for instance in climate governance (Jänicke, 2017). Multilevel-governance offers the 
opportunity to learn and experiment through local level action while best practices can be 
exchanged and up-scaled through vertical and horizontal relationships (Corfee-Morlot et al., 2009; 
Jänicke, 2017). City networks, like ICLEI (ICLEI, 2019a) or the C40 network of global mega cities 
(C40 Cities, 2020), are a good example for horizontal relationships between local level governments 
(Jänicke, 2017; Kern & Bulkeley, 2009). 

One perspective on the purpose of public institutions like local governments is their role to ensure 
the provision of public goods and services (De Bruijn & Dicke, 2006). Public goods and services 
are publicly supported objectives, like social security, health or air quality (Ostrom & Ostrom, 
1977). They are non-exclusive which means anyone can access them, and they contribute to the 
well-being of society as such (Ostrom & Ostrom, 1977). Nature (Hardin, 1968), as well as 
sustainable public infrastructures (van Gestel et al., 2008) can be considered a public good. Van 
Gestel et al. (2008) studied how local authorities manage public interests in DH infrastructure 
projects. They found a shared culture and interest was more important that contracts and 
legislation. De Bruijn and Dicke (2006) investigated how affordability, safety, and environmental 
protection are ensured in liberalized utility sectors. ‘Hierarchical’, ‘market’ and ‘network’ 
mechanisms are used in order to safeguard public values. These mechanisms are introduced as 
modes of governance later in this Chapter (3.3). 

Scholars developed theoretical approaches how to assess WHR potentials within a city or region. 
One example are regional resource and energy flow analysis after the concept of Urban Metabolism 
(Prytula, 2011) that quantify inputs, outputs and storage of energy, water, nutrients, materials and 
waste in an urban region in analogy to the metabolism of organisms (Wolman, 1965). However, 
according to Kennedy et al. (2011), this theoretical approach never got established in the practice 
of urban planning.  

A theoretical application of Urban Metabolism in urban energy planning, is the Urban Harvest 
Approach presented by Leduc & Van Kann (2013). It suggests synergies and resource exchange 
between different urban functions, and to systematically harvest local renewable and residual 
resources to close resource flows. Urban energy synergies can increase the productivity of urban 
areas and have social and environmental benefits (Leduc & Van Kann, 2013). 
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Similarly, Tillie (2018) presents urban planning principles to create synergies between different 
urban functions. Those principles have been applied in Rotterdam’s urban energy planning strategy, 
the Rotterdam Energy Approach and Planning (REAP) (Tillie et al., 2009). On different 
geographical levels, building, neighborhood, district, and city, three steps of energy planning are 
suggested. The first step is reducing energy demand, the second step exchanging waste energy flows 
between urban functions, and the third step promoting RE solutions for the remaining demand 
(see Figure 5).  

 

Figure 5 Rotterdam Energy Approach and Planning 

Source: adapted after Tillie et al. (2009) 

Lenhart et al. (2015) studied the role local authorities had in developing the energy planning strategy 
REAP. This case study is the sole study identified addressing the governance of WHR, under the 
term ‘urban symbiosis1’, specifically. Lenhart et al. (2015) found, the city of Rotterdam initiated 
dialogues between multiple stakeholders, by hosting workshops and mediating between parties.  

In sum, research on local governments supporting WHR is limited to date. Some technical 
theoretical urban energy planning approaches were identified. The case study by Lenhart et al. 
(2015) is limited to the planning phase of REAP, it states Rotterdam stepped back in the 
implementation phase, when WHR projects were actually realized . 

In accordance with the scope of the study and in light of the fact DH systems indirectly support 
WHR through providing necessary infrastructures, the review was extended to prior research on 
local governments supporting DH. A publication by the United Nations Environment Program 
(UNEP, 2015) describes different roles local governments can take in order to promote the 
development of DH systems.  

                                                 
1 Urban Symbiosis examines material recycling in urban settings, how exchange of urban resources (e.g. water and energy) can close 

linear consumptions (van Berkel et al., 2009). The concept is closely related to the term ‘Industrial Symbiosis’ describing 
collaborations between traditionally separate industries, through exchange of energy, water, by-products, services or knowledge 
to achieve competitive advantages and/or sustainability improvements (Chertow, 2000). 
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They can support DH as  

 Planner and regulator (through developing energy strategies, visions, goals or targets); 
 Facilitator (through financial or fiscal incentives, investing in city assets or pilot projects); 
 Provider and promoter (through self-governance, tariffs, acting as a large consumer); 
 Coordinator and advocate (through providing or generating data; facilitating partnerships); 
 Through awareness raising and outreach (for DH, locally and on upper governance levels). 

Looking at local governance more broadly, several studies were identified that analyze how local 
governments manage public interests and steer energy transitions. Smedby & Quitzau (2016) for 
instance studied the governance of energy efficiency in the building sector. Bulkeley & Kern, (2006) 
studied local climate governance in energy, transport, waste and land use more broadly. Bulkeley 
& Kern (2006) describe different capacities local governments utilize for steering transitions: 
authority, ability to self-governing, delivering services and resources, and facilitating, coordinating 
and encouraging actions through partnerships. Those capacities explain why local governments are 
able to take the aforementioned roles to support DH:  

 Authority allows planning and regulation; 
 Ability to self-governance allows the provision and promotion (of a technology); 
 Ability to deliver services and resources allows the facilitation of markets and knowledge creation; 
 Ability to facilitate, coordinate and encourage actions through partnerships allows coordination and 

advocacy, awareness raising and outreach (on the behalf of a solution).  

In addition to different roles local governments take, different ‘steering modes’ as logic through 
which governance is executed are described in prior research. The concept of hierarchal, network 
and market governance, as introduced in the following chapter, was used by Newell et al. (2012) in 
an extensive review of multi-actor environmental governance. Pahl-Wostl (2019) used it to 
compare sustainable water management between countries. Their study is relatable to energy 
governance, as water governance is similarly concerned with the provision of a public good. In 
addition, hierarchal, network and market governance is an established way to differentiate 
governance styles of environmental policy in the EU (Bouwma et al., 2015) which underlines the 
relevance of the concept especially in the European context. The following subchapter introduces 
background and difference between the three ideal-type modes of governance, hierarchal, network 
and market governance. 

3.3 Ideal-type Governance Modes 

There has been an intense debate about the meaning of governance and modes of governance in 
recent years (Kooiman, 2003). Some scholars argue governance concerns all processes of 
coordinating individuals, formal or informal organizations (Bevir, 2013). However, most 
contributions share the focus on the relationship between state intervention and social autonomy 
(Treib et al., 2007). Combining definitions by Hufty (2011) and Koch & Buser, (2006) governance 
is ‘the steering and coordination of interdependent actors to address a collective problem that 
leads to the creation, reinforcement, or reproduction of social norms and institutions’. ‘Public 
governance’ is concerned with public goods and services, in order to constrain, prescribe, and 
enable their provision (Hill et al., 2005).  
 
Modes of governance refer to a certain logic and form through which governance is realized (Lange 
et al., 2013). ‘Hierarchies’, ‘networks’ and ‘markets’ refer to different types of socio-economic order 
(Thompson, 1991). Accordingly, hierarchal, network and market governance are logics through 
which the coordination of social actors is interpreted and executed (Pahl-Wostl, 2015). 
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There are several origins of literature on governance modes. One is the observation that ‘new’ types 
of governance evolved in addition to the nation state which has been seen as a critique on 
hierarchical governance styles (Kooiman, 2003; Rhodes, 1997; Stoker, 1998). Another, the 
distinction between ‘markets’ and ‘hierarchies’ for the coordination of production systems and 
organizations in economics (Coase, 1937; Hayek, 1944).  

In public governance, a reason for the existence of different modes of governance is the trend of 
liberalization of public services (Héritier & Schmidt, 2000). According to Bulkeley & Kern, (2006) 
this was triggered by difficulties municipalities had providing services and enforce regulations. It is 
discussed controversially, if a shift from hierarchical governance towards market and network 
governance really happened (Frederickson et al., 2003). Hill & Lynn (2005) demonstrate the 
preservation of hierarchical governance by reviewing 800 studies. They found constitutional 
authority simply has changed towards new administrative forms, novel actors and an increasing 
number of non-state actors in public governance. Lange et al. (2013) highlight the coexistence of 
different modes of governance in reality. 

The fundamental logics behind the three ideal-types, hierarchical, network and market governance 
are explained in the following.  

3.3.1 Hierarchical Governance 

Hierarchical governance is in essence about top-down steering (van Buuren & Eshuis, 2010). It 
appears as authority with super ordination and subordination, as rule-governed regulatory 
coordination and administration with bureaucratic measures (Thompson, 2003), and is strongly 
related to the idea of a nation state where a democratic government uses its authority for 
intervening in society and markets (Meuleman, 2008).  

As hierarchical organization implies a top-down command structure, it requires some form of 
‘objective in sight’ (Thompson, 2003). Political decision define objectives that is followed up by 
directive action (Thompson, 2003). Control is executed through rule making, standard setting, the 
issuing of orders or directives, supervision, monitoring and auditing (Thompson, 2003). 
Traditionally, environmental policy has been focusing on hierarchical forms of governance 
(Bouwma et al., 2015). The characterizing top-down norms with prohibitive character to alter 
human behavior, stayed dominant over a long time (Backes et al., 2006). 

3.3.2 Network Governance 

Network governance is characterised by the operational autonomy and interdependence of actors 
involved (Sørensen & Torfing, 2009). Network governance addresses problems that are commonly 
felt by the actors involved. However, goal consensus can be a challenging aspect (Khan, 2013) and 
thus involve ‘conflict-ridden negotiations’ (Sørensen & Torfing, 2009). As the relationship 
between actors in governance networks are interdependent, their organization is based on trust 
and reciprocity (Pahl-Wostl, 2019). Trust between agents might be based on informal ‘contracts’ 
of rules and norms, however, formal and legally binding contracts can exist too (Thompson, 2003). 
 
Network governance can blur the boundary between state and society (Kooiman, 1993), as power 
is dispersed and linked to the centrality of individual actors (Pahl-Wostl, 2019). Nevertheless, 
network governance does not describe the absence of hierarchy. Rather, it is “policy making in the 
shadow of hierarchy (Sørensen & Torfing, 2009, p. 236)”. Authorities can shape the regulative, 
normative, cognitive and imaginary framework governance networks which is referred to as ‘meta-
governance’ (Sørensen & Torfing, 2009).  
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3.3.3 Market Governance 
Markets create economic order without any conscious organizing center as they rely on 
decentralized decision-making of self-interested economic agents (Thompson, 2003). Economic 
order is created by the ‘invisible hand’ of the market (Williamson, 1985), based on the price 
mechanism and contractual arrangements within a competitive process (Thompson, 2003).  

The role of public authorities in market governance is to ensure functioning of imperfect markets 
(van Buuren & Eshuis, 2010). According to neoclassical theory, state intervention should only 
focus on ensuring market access and on preventing monopolies that threaten competition 
(Thompson, 2003). Present environmental policy aims to define and encounter monetary values 
for the environment that currently are disregarded by the market which is achieved by taxes and 
financial incentives (Bouwma et al., 2015). 

In the 1980ies and 1990ies the idea emerged that governments should be organized like companies. 
This trend has been labeled as ‘New Public Management’ (Osborne & Gaebler, 1992). The public 
sector should be smaller, focused on efficiency, working with clear performance specifying budgets, 
and work in partnership with profit driven actors of the private sector (Pollitt, 2001). New Public 
Management in comparison with traditional governance aims to reduce the extent to which 
governments face and address the complexity of issues by their own action (Klijn, 2012). 

To summarizes, the three different modes of governance, hierarchical, network and market 
governance differ in the logic through which governance is realized and actors are coordinated. 
Furthermore, they differ in their understanding of the role governments have, the origin of power, 
locus of authority, and respective modes of steering and resource mobilization which is 
summarized in Table 5.  

Table 5 Hierarchical, network and market governance: authority and steering 

Mode Hierarchical Market Network 

Role of the 
Government 

Government rules 
society; dependency of 
other actors on it 

Government delivers 
services to society; 
independency of actors 

Government is partner 
in network society; 
interdependency of actors 

Origin  
of power 

Position in formal 
hierarchy 

Degree of wealth, market 
share 

Centrality in network 

Locus  
of authority 

   

Control Authority Price Culture and contracts 

Steering Command and control; 
imperatives, ex-ante 
coordination 

Delegating, enabling; 
competition; ex-post 
coordination 

Coaching and supporting; 
diplomacy, self-organized 
coordination 

Instruments of 
resource 
mobilization 

Engage actors with 
political power; tax; gov. 
budgets for financing 

Engage actors with market 
power, investment 

Mobilize broad 
stakeholder support; 
voluntary financing 

Source: Own compilation after Pahl-Wostl (2015) 
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Based on the ideal-types hierarchical, network and market governance, several governance 
frameworks have been developed (Arnouts et al., 2012; Lange et al., 2013; Pahl-Wostl, 2015; Treib 
et al., 2007). Taking into account prior research on local energy and transition governance, a 
suitable framework for this study, is developed within the next chapter. More specifically, the three 
ideal-type modes of governance are interlinked with the roles local governments can take in order 
to support DH suggested by UNEP (2015). 

3.4 Governance Modes to Address Barriers to Waste Heat Recovery 
Thus far in this chapter, different types of barriers to WHR have been described (Chapter 3.1); 
prior research on WHR-related governance revealed different roles local governments can take in 
order to support DH (Chapter 3.2); and the three ideal-types hierarchical, network and market 
governance, as a common framework to analyze governance instruments were introduced (Chapter 
3.3).  

Despite the roles identified in Chapter 3.2, namely planner and regulator, facilitator, provider and promoter, 
coordinator and advocate and the activity of awareness raising and outreach are described to facilitate DH-
supportive and not WHR-supportive governance, they are assumed to be transferable for the 
following reasons. Firstly, WHR within the scope of this thesis is realized in DH. DH 
infrastructures thus indirectly support WHR. Secondly, both solutions are part of the same socio-
technical system of urban heating systems. Actors, infrastructures, and legal frameworks are 
therefore expected to be closely related. And thirdly, as outlined before, the roles described by 
UNEP (2015) are rooted in general capacities local-level governments have (Bulkeley & Kern, 
2006). Thus, they are expected to apply to local governance of WHR as well.  

In Table 6, six different modes of governance are described that address barriers to WHR according 
to a specific logic and respective activities and instruments. 

Through generating rules, legal frameworks and instruments, the governance mode of Hierarchical 
Planning and Regulation, can address a broad variety of barriers. At least in theory, legal frameworks 
and regulation, can compensate lacking market incentives through enforcing activities or 
investments. Similarly, a lack of knowledge on WHR technology, business models and policy 
options, can be addressed through mandated research, or separately acting actors can be forced to 
cooperate. The same variety of barriers that Hierarchical Planning and Regulation can address, can 
in theory be addressed by Market Facilitation. If market incentives are high enough, research, 
collaboration, and investments can be stimulated. The second governance mode, referring to a 
market logic, Market Provision and Promotion, differs from Market Facilitation in a way that the 
government itself becomes an active market agent. By acting like a large consumer, or supplier of 
waste heat, potentially enforced by self-governance or procurement rules, Market Provision and 
Promotion addresses a lack of demand or supply as barrier to WHR.  

Three modes of governance can be described that underlie a network mode of governance and 
thus horizontal relationships between actors. They differ in which role, or capacities of the local 
government, are used to address barriers. Firstly, Network Facilitation through research and pilot 
project generates knowledge and thus can address a lack of knowledge on technology, business 
model and policy options. Secondly, Network Coordination and Advocacy through coordination, 
facilitating partnerships, and providing information, addresses barriers related to a lack of 
information or data, and separately acting actors. Thirdly, Network Awareness Raising and Outreach 
address the lack of awareness on technology; business model and policy options, for instance 
through lobbying for support at upper governance levels.  
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Table 6 Analytical Framework: Governance modes to address barriers to waste heat recovery 

Mode of Governance Logic Instruments Barriers to WHR 

Hierarchical Planning and 
Regulation 

Generating 
rules and legal 
frameworks 

Goals, strategies, targets 
or regulative instruments 

Lack of market incentives;  
Lack of knowledge on 
technology, business model 
and policy options; 
Lack of information and 
data; separately acting 
actors 

Market Facilitation Generating 
market 
incentives 

Financial or fiscal 
incentives, investments 
in city assets  

Market Provision and 
Promotion 

Creating 
demand or 
supply 

Act like a large 
consumers, self-
governance, 
procurement rules 

Lack of demand or supply 

Network Facilitation Generating 
knowledge 

Research and pilot 
projects 

Lack of knowledge on 
technology; business model 
and policy options 

Network Coordination and 
Advocacy 

Coordinating  Facilitating partnerships, 
provision of information 

Lack of information and 
data; separately acting 
actors 

Network Awareness 
Raising and Outreach  

Creating 
awareness 

Lobbying for support at 
upper governance levels 

Lack of knowledge and 
awareness on technology; 
business model and policy 
options 

Source: Developed by the author based on literature review in Chapter 3.1, 3.2 and 3.3. 

In accordance with the framework presented, typical barriers to WHR, as presented in Chapter 3.1 
are theoretically linked to the different governance approaches in the following.  

To begin with, multiple barriers to WHR can be addressed by Hierarchical Planning and Regulation 
through the creation of legal frameworks. Examples are inertia, competition with alternative 
solutions, existing business models and planning horizons (see Table 7). These are economic, 
cognitive and institutional barriers.  

Table 7 Barriers addressed by Hierarchical Planning and Regulation  

Hierarchical Planning and Regulation (through generating rules and legal frameworks) 

Type of barrier  Barrier to WHR 

Institutional 
barriers 

- Lack of institutionalized responsibilities and planning procedures 
(local government) 

- Lack of mandate (local government)  
- Lack of planning control in liberalized energy markets (local 

government) 
- Short political planning horizon and changing political and financial 

climates (local government; national level policy maker) 
- Lack of capacity and know-how for the implementation of projects 

(local government) 

Market barriers - Competition with existing business areas of primary waste heat 
provision (energy utilities) 

- Competition with other heat sources (energy utilities) 
- Competition with heat from other heat sources (customer) 
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Financial barriers - High investment costs with long payback periods (energy utilities; 
investor) 

- Short-term investments decisions, oftentimes not based on life cycle 
costs (waste heat provider)  

- Lack of relevance or even disturbance through WHR (waste heat 
provider) 

Knowledge 
barriers 

- Limited knowledge on technology (energy utilities) 
- Lack of best practices on how to distribute risks and benefits (energy 

utilities; waste heat provider) 
- Lack of knowledge on policy options (local government) 

Cognitive 
barriers 

- Lack of standardized procedures or legal frameworks (Energy 
utilities) 

As outlined before, similar barriers that can be addressed by Hierarchical Planning and Regulation can 
be addressed by Market Facilitation. This is valid for financial and market barriers, knowledge and 
cognitive barriers (Table 8).  It excludes institutional barriers to WHR, as local governments might 
not be able to influence jurisdiction by market incentives. 

Table 8 Barriers addressed by Market Facilitation 

Market Facilitation (through market incentives) 

Type of barrier  Barrier to WHR 

Market barriers - Competition with existing business areas of primary waste heat 
provision (utilities) 

- Competition with other heat sources (utilities) 
- Competition with heat from other heat sources (customer) 

Financial barriers - High investment costs. long payback periods (utilities; investor) 
- Short-term investments decisions, oftentimes not based on life cycle 

costs (heat provider)  
- Lack of relevance or even disturbance through WHR (heat provider) 

Knowledge 
barriers 

- Limited knowledge on technology (utilities) 
- Lack of best practices on how to distribute risks and benefits 

(utilities; heat provider) 
- Lack of knowledge on policy options (local government) 

Cognitive 
barriers 

- Lack of standardized procedures or legal frameworks (utilities) 

Through generating demand or supply of waste heat, Market Provision and Promotion can address a 
lack of the same (Table 9). The lack of demand or supply of recovered heat was not explicitly 
mentioned as barrier to WHR project in literature, but rather is an obvious condition to projects, 
as demand without supply, or supply without demand, does not create a market.  
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Table 9 Barriers addressed by Market Provision and Promotion 

Market Provision and Promotion (through creating demand or supply) 

Type of barrier  Barrier to WHR 

Market barrier - Lack of demand or supply (not explicitly mentioned in literature, 
but obvious condition to WHR) 

Network Facilitation can address barriers to WHR that reflect knowledge gaps, such as lack of 
knowledge on technological solutions, business models or policy options. Through generating data 
on the local context, it also can address barriers, such as a lack of knowledge on available heat 
sources. In addition, knowledge, in form of experiences, can address cognitive barriers to WHR 
(Table 10).  

Table 10 Barriers addressed by Network Facilitation 

Network Facilitation (through generating knowledge) 

Type of barrier  Barrier to WHR 

Knowledge 
barriers 

- Lack of awareness on heat source availability (local government) 
- Limited knowledge and experience with technology (energy utilities) 
- Lack of awareness on technological options (waste heat provider) 
- Lack of best practices on how to distribute risks and benefits (energy 

utilities; waste heat provider) 
- Lack of knowledge on policy options (local government) 

Cognitive 
barriers 

- Immaturity of technologies (customers) 

With Network Coordination and Advocacy local governments make use of their capacity to facilitate, 
coordinate and encourage actions through partnerships, or matching stakeholders and data. This 
allows to address cognitive and knowledge barriers to WHR that occur based on a lack of 
coordination (Table 11). 

Table 11 Barriers addressed by Network Coordination and Advocacy 

Network Coordination and Advocacy (through coordination) 

Type of barrier  Barrier to WHR 

Knowledge 
barrier 

- Lack of capacity and know-how for the implementation of projects 
(local government)  

- Lack of competence to initiate or implement projects (waste heat 
provider) 

- Lack of awareness on heat source availability (local government) 
- Limited knowledge and experience with technology (energy utilities) 
- Lack of awareness on technological options (waste heat provider) 
- Lack of best practices on how to distribute risks and benefits (energy 

utilities; waste heat provider) 
- Lack of knowledge on policy options (local government) 

Cognitive barrier - Lack of best practices on how to distribute risks and benefits (energy 
utilities; waste heat provider) 
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Lastly, through Network Awareness Raising and Outreach local governments can generate public and 
political awareness for WHR, locally and beyond. Barriers to WHR that occur based on a lack of 
public of political support at upper governance levels, such as cognitive, knowledge and 
institutional barriers to WHR thus can be addressed (Table 12). 

Table 12 Barriers addressed by Network Awareness Raising and Outreach 

Network Awareness Raising and Outreach (through creating awareness) 

Type of barrier  Barrier to WHR 

Institutional 
barriers 

- Lack of mandate (Local government)  
- Lack of planning control in liberalized energy markets (Local 

government) 
- Short political planning horizon and changing political and financial 

climates (Local government; National policy maker) 

Knowledge 
barrier 

- Lack of awareness on technological options (waste heat provider) 
- Lack of awareness on technological opportunities and policy options 

(National policy maker) 

Cognitive barrier - Lack of standardized procedures or legal frameworks (Energy 
utilities; waste heat provider) 

Summarizing, all barriers to WHR identified in literature can be linked to at least one of the six 
governance modes presented. Several barriers can even be addressed by multiple approaches. The 
lack of demand or supply was not explicitly stated as a barrier in literature, but fits the framework 
as an obvious condition to WHR. The framework seemed well suited to analyze municipal 
governance addressing barriers to WHR. Hence, it was used to guide data collection and analysis, 
as described in the next chapter.  
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4 Methods  

4.1 Research Design 
The core of this research is a multiple-case study. It consists of an in-depth analysis of WHR related 
governance in the case cities, Gothenburg, Turku and Rotterdam. In order to inform the actual 
case studies, a pre-step was taken. It consists of an exploratory review of WHR-supportive 
governance instruments mentioned in theory and practice and answers RQ 1. Analyzing WHR 
related governance in the case cities answers RQ 2. 

Data collection in both research steps was guided by the analytical framework that was developed 
based on the literature review and is presented in Chapter 3.4. Results of the case studies were 
analyzed individually and then comparatively which is common for multiple-case studies (Yin, 
2014). The replicability of learnings is discussed in order to draw conclusions that are transferrable 
to other context. Figure 6 summarizes this research design. Methodological choices for data 
collection and analysis in are outlined in the following.  

  

Figure 6 Research Design (own illustration)  

 

4.1.1 Multiple-case Study 

Case study research focusses on gathering empirical evidence from one or more analytical units in 
order to examine the research topic (Blaikie & Priest, 2019), most typically to answer “how and 
why” research questions. The subject of this thesis is a contemporary phenomenon for which case 
studies are typical (Yin, 2014). Case studies are suitable for observational research in real-world 
context which means the researcher does not modify the subject, which reflects the approach of 
this thesis (Yin, 2014). 

According to Yin (2014), defining unit(s) of analysis, theoretical propositions to guide data 
collection, logic of linking the data to the propositions, and criteria for interpreting the findings, 
are especially important in case study’s research design. Theoretical propositions to guide data 
collection and analysis are common in descriptive or explanatory case studies (Yin, 2014) and 
applies also to this study. 
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The unit of analysis in this thesis are local governments, including cities or regions. Sub-units of 
local governments, like different departments are disregarded, as organizational structures differ 
from city to city. The boundary of each unit of analysis are the geographical and organizational 
boundaries of each municipality chosen.  

An amount of three cases was chosen, as evidence from multiple cases is considered to be more 
compelling and robust compared to single cases (Herriott & Firestone, 1983). Single case studies 
only are recommended when unusual or extreme cases are investigated (Yin, 2014). The ideal 
number of cases depends on the researcher’s resources. Yin (2014) suggests a number of two to 
three cases when theory is straightforward and the issue does not demand a high degree of certainty.  

4.1.2 Selection of the Cases  
Three cities were selected for the case studies: Turku, Gothenburg and Rotterdam. Primary 
criterion for selecting the cases, was a successful implementation of a local WHR project under 
involvement of local authorities which was derived from grey literature and websites (Celsius, 
2020b; UNEP, 2015). Cities with differing characteristics were selected in order to arrive at a 
diverse set of learnings. The cities differ in their size, time of experience with WHR, and ownership 
structure of the local heat market (Table 13). Such selection after the logic of theoretical replication (Yin 
2014) is used to identify contrasting results that are expected for anticipated reasons. It differs from 
a logic of literal replications, used with a selection of cases that are expected to lead to similar 
results. In order to decrease the language barrier while collecting data, cities were selected where a 
good level of English was anticipated. All three cities selected are ICLEI members. This was a 
priority, however, it was useful because ICLEI could provide their network which made facilitate 
the process of getting access to relevant informants. 

Table 13 Case cities: waste heat recovery projects and ownership structure 

City  Population WHR projects  Ownership of DH 

Gothenburg 570.000  WHR from St1 (former Shell) 
refinery, since 1980  

 WHR from Preem refinery, since 1998  
 WHR from sewage water, 

since 1983/1985 

Municipal energy 
company, monopoly 

Turku 190.000  WHR from sewage water, since 2009  
 Pilot project two-way LTDH (65 ºC) in 

city development district Skanssi 
- Currently assessed: WHR from Neste 

refinery in Naatali 

Municipal energy 
company, monopoly 

Rotterdam 650.000  WHR from Shell refinery, since 2018 
- Currently assessed: WHR from data 

center 

Several energy 
companies,  
public and private 

Sources: see full table in Appendix 3  
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4.2 Data Collection and Analysis 

4.2.1 Desktop Research  
Academic and grey literature, like policy documents, handbooks by governmental and non-
governmental organizations (secondary data), was reviewed in order to answer RQ 1. The focus 
was on identifying WHR related governance instruments applied in practice, however, some 
theoretical examples were included too. The results, presented in Chapter 5 served as a preparation 
and benchmarking for the actual case studies. For this reason, it is exemplary and does not claim 
completeness. A consultation with professionals in the field at ICLEI showed that no major WHR 
pilot projects were missing. 

Documented information on the case cities could only be analyzed to limited extent due to language 
barriers. It was limited to few policy documents that were available in English or translated with 
translation software, after respondents highlighted their importance. These documents included 
the city climate strategies of Turku (Turku City Council, 2018) and Gothenburg (City of 
Gothenburg, 2014), and the resilience strategy of Rotterdam (Gemeente Rotterdam, 2018). 

4.2.2 Semi-structured Interviews  

Data collection for the case studies, to answer RQ 2 mostly relied on interviews which is one of 
the most important methods in case study research (Yin, 2014).  

The interviewees were selected from differing stakeholder groups, depending on actors involved 
in WHR in the case cities. The initial aim, to speak with waste heat provider (industry), distributors 
(DH companies), consumers and regulators (local authorities), was revised due to issues of 
responsiveness. Thus, data collection relied on ‘central actors’, like representatives of city 
authorities and energy companies. In addition, two researchers and one politician were interviewed 
(see Figure 7). Interviewees were selected from publically available information on webpages and 
the ‘snowballing’ principle (Blaikie & Priest, 2019. In the case of Turku, contacts were identified 
through project partners. The direct connection to stakeholders in Tuku enabled a more in-depth 
data collection compared to the other cases. This was not seen as a threat in data analysis. In total, 
12 interviews per Skype or telephone were conducted for the case study. In addition, two interviews 
with a representative of the city of Lund in Sweden and Lund’s municipal energy company were 
conducted where a large-scale LTDH including WHR currently is constructed. Information derived 
from these additional interviews was used in the discussion. Further information on the interviews 
is provided in Appendix 1. 

 

Figure 7 Summery of interviewees by stakeholder group (own illustration)  
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All interviews were semi-structured. This allowed for having a natural conversation while following 
the research agenda. According to Yin (2014) the agenda in case study interviews is always two-
fold: firstly satisfying the needs of the logic of inquiry while secondly keeping ‘friendly’ and 
‘nonthreatening’ questions to not bias the interviewee and allow for fresh commentary. The 
interview guide based on the analytical framework is provided in Appendix 5. Probes were only 
used if the breadth of questions seemed misunderstood. The focus of individual interviews was 
adopted to the interviewee’s area of expertise. Flexibility when the exact perspective and level of 
knowledge of informants is unknown is an another general advantage of semi-structured interviews 
(Kvale & Brinkmann, 2009).  

All interviews were recorded. The interviews were not fully transcribed for the two following 
reasons. Firstly, most of the information gathered is factual knowledge with an emphasis on what 
has been said rather than how. Secondly, information delivered in a nested way, arising from the 
fact that most respondents as well as the author are not native in English. Data from the interviews 
was summarized as bullet points in interview protocols which were send out to respondents in order 
to allow for further commentary.  

4.2.3 Thematic and Cross-case Analysis 
A Thematic Analysis of the interview data was conducted. It describes a systematic way of identifying 
patterns of common meaning across data sets (Schreier, 2012) that in contrast to a Content Analysis 
focuses on what has been said not on how often (Schreier, 2012). Accordingly, all interview 
protocols were coded supported by coding-software. Initially, codes were based on categories of 
the analytical framework. While coding, they were dynamically developed. The full coding structure 
is provided in Appendix 2.  

In a first step, characteristics of each case were analyzed separately. The consistency of different 
data sources was checked for the need of further data-triangulation (Individual Analysis) (Lamnek, 
2005). Guided by the sub-questions of RQ 2 (Which governance instruments are applied? And 
why?) this involved the combination of a descriptive and explanatory case study approach (Yin, 2014) 
related to an abductive logic of inquiry that finds context specific explanations to the observed in 
theory (Blaikie & Priest, 2019).  

In a second step, similarities and differences between the three cases were identified. In case study 
research with multiple cases, this is called cross-case synthesis and serves as a meta-analysis of the cases 
(Yin, 2014). In order to formulate recommendations for other localities results were critically 
discussed towards their context before drawing conclusions.  
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5 Supportive Governance Instruments  
This Chapter presents results of the first research step. It answers RQ 1 by demonstrating examples 
of WHR-supportive governance instruments by local governments developed in theory and 
practice. The examples are derived from academic literature, handbooks, white papers and 
websites. Several examples were drawn from EU funded projects. A full list is provided in 
Appendix 4.  

In accordance with the analytical framework (see Table 6 in Chapter 3.4), the presented instruments 
are linked to the six different governance modes Hierarchical Planning and Regulation, Market 
Facilitation, Market Provision and Promotion, Network Facilitation, Network Coordination and Advocacy, and 
Network Awareness Raising and Outreach  

Several governance instruments that support WHR through energy related goals and strategies, and 
thus refer to Hierarchical Planning and Regulation, were identified. Cities that include recovered heat 
in their energy goals are Paris (City of Paris, 2018) and Gothenburg (City of Gothenburg, 2014) 
for instance. Both have the ambition to provide energy only from RE and recovered sources in the 
future (see Table 14). Further cities include WHR related activities in their energy strategy. 
Examples are Amsterdam with a district-by district approach to change heat sources and DH 
expansion objectives (City of Amsterdam, 2020), London with (waste) heat mapping and master 
planning (Greater London Authority, 2018), and Frankfurt implementing an ‘Waste Heat Registry‘ 
(City of Frankfurt, 2019).  

Table 14 Energy goals and strategies including waste heat recovery 

City Energy goals and Strategies Reference 

Paris, France 

 

Until 2050 – 100% RE and recovered energy (20% locally)  

Strategy includes:  

- Intensify energy recovery and exploitation  
- Advocating for WHR (laundries, data centers, bakeries) 

City of Paris 
(2018) 

Gothenburg, 
Sweden 

Until 2030 – 100 % RE and recovered energy in DH 

Until 2030 – primary energy use for electricity and heat ≤ 31 
MWh/inhabitant 

City of 
Gothenburg 
(2014) 

Amsterdam, 
Netherlands 

Until 2050 – all buildings carbon neutral 

Until 2030 – all districts natural-gas free 

Strategy includes:  

- District-by-district approach  
- Fuel switch to higher use of waste heat 

- Looking to capture waste heat from data centers  
- expand DH network to cover 50-60 % or the houses 

City of 
Amsterdam 
(2020) 

London, UK Until 2050 – Carbon neutral city 

Strategy includes:  

- Utilize local and RE, like solar and waste heat 
- Heat mapping and energy masterplans at district level 

Greater 
London 
Authority 
(2018) 

Frankfurt, 
Germany 

Until 2050 – lower GHG emissions 95 % (compared to 1990) 

Strategy includes:  

- Waste Heat Registry 

City of 
Frankfurt 
(2019) 
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Formulating local energy action plans begins with identifying potentials as Krasatsenka et al. (2017) 
suggest. This can be done by spatial mapping of local heating and cooling demand and supply. 
Experiences from the STRATEGO project showed that simple maps already provide inspiration 
to related projects (Krasatsenka et al., 2017). 

Energy Potential Mapping as presented by van den Dobbelsteen et al. (2018) captures energy 
demands and surpluses in combination with other spatial characteristics, like existing or planned 
infrastructure and topography. It links energy and urban planning (van den Dobbelsteen et al. 
2018). An example of application is the mapping of waste heat potentials in Rotterdam by Broersma 
and Fremouw (2011). Several other cities have applied energy mapping too. Some of them provide 
Heat Maps as open source online (see Table 15).  

Table 15 Waste heat potential mappings 

City Type of Heat Map Reference 

Amsterdam, Netherlands Open source (Amsterdam Smart City, 2019) 

London, UK Open source, interactive  (CSE, 2020) 

Vienna, Austria Scientific Study (Loibl et al., 2017) 

Rotterdam, Netherlands Scientific Study (Broersma & Fremouw, 2011) 

Energy potential mapping software based on a Geographic Information System (GIS) and energy 
planning software targeting local and regional authorities amongst other, was developed by several 
EU funded research projects and is provided for free. In total, three such tools were identified. 

 Hotmaps Project (2020) 
 PLANHEAT (2019) 
 THERMOS (2019) 

With the same purpose, to systematically describe waste heat potentials, the city of Frankfurt (2019) 
introduced a Waste Heat Register. The cadaster records heat sources ranging from waste water, 
industry, and commerce, to large data-centers.  

In order to decide whether heat utilization makes sense in the local context or not, a WHR 
feasibility calculator has been developed by CE-HEAT (2019a), and by Goumba et al. (2017). Both 
tools include economic and technical aspects. Making use of such tools, or making sure these tools 
reach the stakeholders that can use them in order to support WHR, refers to coordination in 
accordance with Network Coordination and Advocacy. 

Further WHR-supportive governance instruments in accordance with Hierarchical Planning and 
Regulation were identified. They address DH in land use planning and building development. One 
example are requirements to assess DE opportunities when planning a building or district, as 
applied in Tokyo (UNEP, 2015). Another example are Building Codes favor DH connections in 
new building, as applied in Rotterdam, Hong Kong (UNEP, 2015) and Milan (UNEP, 2017).  

Furthermore, obligatory WHR, an obligation to recover heat whenever generating it, is discussed 
in theory (UNEP, 2015; Wheatcroft et al., 2019). However, no application was identified.  

In order to increase demand for recovered heat, cities can act as large consumers and procure 
waste heat for public facilities, like schools or hospitals (UNEP, 2015). The procurement may 
include self-governance in form of specific requirements on the energy mix purchased or, 
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likewise, on the energy mix supplied by municipal energy companies (UNEP, 2015). Creating 
supply of or demand for waste heat is an example of Market Provision and Promotion.  

Further examples for governance instruments referring to Market Facilitation, have been identified. 
They include for instance low interest loans for DH extensions, as applied in Paris, France 
(UNEP, 2017). In Amsterdam, tax-free zones for energy related pilot projects have been 
introduced (UNEP, 2015). Additionally, tax breaks and investment subsidies for WHR 
infrastructures (Wheatcroft et al., 2019) and tax breaks for waste heat feed-ins (Pehnt et al., 2011) 
have been suggested. Other examples are public infrastructure investments, city assets, that 
facilitate WHR, like the construction of a heat transmission line in Ashan, China (UNEP, 2015) or 
heat storage in Rotterdam (SCIS, 2020). 

There is a fine line between the aforementioned city assets for the purpose of facilitating WHR 
market and pilot projects for the purpose of generating WHR related knowledge. Facilitating 
WHR markets falls under the governance approach of Market Facilitation. Generating WHR related 
knowledge through pilot projects on the other hand refers to Network Facilitation. Within the scope 
of this thesis, several pilot projects were identified (Table 16). The research covered websites of 
research projects, cities, energy companies and technology providers. A handbook by the 
ReUseHeat project (Boye Petersen, 2017) and project websites (Celsius, 2020a; CE-HEAT, 2019c; 
ReUseHeat, 2017b) present additional pilot projects beyond the scope of this study, like for WHR 
in private DH systems or companies. 

Table 16 Waste heat recovery pilot projects 

Heat Source City Reference 

Sewage water Tokyo, Japan  (UNEP, 2015) 

Seattle, USA  (UNEP, 2015) 

Vancouver, Canada  (UNEP, 2015) 

Oslo, Norway  (UNEP, 2015) 

Cologne, Germany  (Celsius, 2020e) 

Gothenburg, Sweden  (Boye Petersen, 2017) 

Data Centre  

 

Mäntsälä, Finland (Sitra, 2019) 

Brunswick, Germany (ReUseHeat, 2017a) 

Bergen, Norway (GreenByte, 2020) 

Metro  Islington (London), UK (Celsius, 2020f) 

Berlin, Germany (ReUseHeat, 2019b) 

In
d

u
st

ry
 

Liquid gas Castelnuovo del Garda, Italy (Celsius, 2020d) 

Steel  Ravne, Slovenia (Waste Heat, 2019b)  

Automotive Charleville-Mézières, France  (Dalkia, 2018) 

Food Vienna, Austria  (Waste Heat, 2019a) 

LTDH  Brunnshög Lund, Sweden (COOL DH, 2019) 

Høje-Taastrup, Denmark  (COOL DH, 2019) 
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Governance instruments referring to Network Coordination and Advocacy were identified in practice. 
One example that was mentioned in Chapter 3.2, is the development of REAP in Rotterdam. As 
described by Lenhart et al. (2015), Rotterdam’s authorities initiated and coordinated cross-sectoral 
dialogue and learning around energy planning. Energy exchange between local industries, 
coordinated by local authorities through facilitating partnerships in Granollers, Spain 
(THERMOS, 2020) is another example.  

Lastly, few examples of governance instruments referring to Network Awareness Raising and Outreach 
were identified. As project partners, city authorities are involved in several of EU funded projects 
mentioned. Awareness raising is stated as a central objective by several of these projects (Celsius, 
2020a); (ReUseHeat, 2017c)). The city of Gothenburg, beyond that, has proactively initiated the 
CELSIUS project (Celsius, 2020a).  

For each of the six governance modes, examples from theory and practice were presented. The 
most common were pilot projects. There are several free resources that support spatial mapping 
of waste heat sources. However, it remains unclear to which extant these are used by local 
authorities to date. Energy related goals and strategies are very common too, however, until now, 
they seldom explicitly mention WHR.  

The following chapter analyzes WHR-supportive governance modes and instruments that were 
applied in the case cities.  
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6 Supportive Governance  
This chapter answers RQ 2 by analyzing results of the multiple-case study. It starts with providing 
an overview on each of the cases by outlining the extent to which WHR is realized in each of the 
cities. It then compares the cities’ motivations to support WHR, and analyzes governance modes 
and instruments applied by the case cities to explicitly, or implicitly address barriers to WHR, sorted 
by the types of barriers institutional, knowledge, financial, market and legal barriers.  

In Gothenburg, DH was introduced in 1953, and until the oil crisis in the 1970ies fueled by several 
large oil-fired boilers (Göteborg Energi, 2009). As a consequence to the crisis, WHR from the local 
refineries was discussed. In 1980 the first refinery was connected to the grid, followed by a second 
one in 1998 (Göteborg Energi, 2009). Today, DH accounts for approximately 90 % of all heating 
in the city (Göteborg Energi, 2020). Thus, it can be considered a mature DH system. WHR from 
the refineries supplies around 30 % of DH, the rest is covered by heat from a waste to energy and 
CHP plant (Göteborg Energi, 2018). The system is operated by the municipal energy company, 
Göteborg Energi, as a monopoly. The DH system in Gothenburg is one of the most price-efficient 
systems in Sweden (I 3). Of 266 DH systems in Sweden Göteborg has the 26th cheapest, being 
around 10 % under the average price (Nils Holgersson, 2019). The business model between waste 
heat providing refineries and Göteborg Energi was successful over the years and has been adopted 
by several other Swedish cities (I 1). Gothenburg’s climate strategy, currently under revision, 
includes the goal to derive ‘all DH by 2030, from RE, waste incineration and residual heat from 
industry’ (City of Gothenburg, 2014). During data collection, interest of utilizing low-temperature 
heat sources in the future was stated (I 1). However, the main barrier currently is the upgrade 
needed to feed these into the existing high-temperature DH network. Since 1985, Gothenburg 
temporally recovers heat from sewage water by upgrading it through heat pumps. At present, there 
are some research and development activities concerning storage possibilities (I 2). Other than that, 
no activities around LTDH have been mentioned by the interviewees. The city is proactively 
creating awareness for the benefits of DH solutions. It initiated and coordinated the Celsius project, 
a joint research project on DH solutions by cities across Europe that is funded by the EU (Celsius, 
2020a). Figure 8 provides an overview on the development of the system in Gothenburg. As it will 
become clear, when comparing with Figure 9 and Figure 10 for Turku and Rotterdam respectively, 
it illustrates the extent to which WHR-relevant aspect are developed in each case city. 

 

Figure 8 Development stage of waste heat recovery in Gothenburg 
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Turku, similar to Gothenburg, has with around 90 % of the buildings high coverage of DH (Turku 
Energia, 2020). Besides WHR from a printing machine, no WHR from high-temperature sources 
exists to date, but the possibility to recover heat from a refinery in spatial proximity is discussed 
since several years. The system is additionally fed by CHP, partly coal, partly biomass fueled and 
two smaller biomass plants (Turku Energia, 2020). Turku recovers DH and DC from sewage water 
through upgrading by heat pumps. The system is owned and operated by the municipal energy 
company Turku Energia. In the city development district Skanssi the municipality and Turku 
Energia aim to test a two-directional LTDH system with supply temperatures at around 65 ºC. The 
system is installed and first houses are connected. However, to date, the system is only used in the 
conventional, one-directional way (I 4). The end-customer are residential units that do not generate 
significant waste heat or cold (I 8), and no further low-temperature heat sources are connected so 
far.  

 

Figure 9 Development stage of waste heat recovery in Turku 

For Rotterdam, data on the share of DH is not publically available, as private companies are selling 
DH to end-costumers (for more details see Appendix 3). Based on the capacity of the system 
(Warmtebedrijf Rotterdam, 2020), a coverage of around 15 % of Rotterdam’s’ households can be 
estimated. Currently, heat is mainly supplied by the waste incinerator which is located in the harbor 
area that bears high additional waste heat-potentials (Kreijkes, 2017). Most recently, in 2018, a 
refinery was connected to the network. As heat quantities exceed local DH demands at present, 
extensions to neighboring municipalities are discussed (I 10; I 12). Simultaneously, the city is 
working on increasing DH connections in existing local building stock. Replacing natural gas 
connections, which is the most common way of heating to date in Rotterdam, through DH, 
corresponds with a national level goal to phase out natural gas (I 11). Projects of heat exchange at 
building scale have been mentioned, however, information was not available in detail and would 
exceed the scope of this study. Otherwise, no low-temperature WHR has been mentioned by 
documents or the respondents.  



Keeping the (Waste) Heat in the City 

35 

 

Figure 10 Development stage of waste heat recovery in Rotterdam 

Summarizing, high- and low-temperature WHR is realized to different extent in the case cities. 
Different local aspects, including political will, accessible waste heat source(s), infrastructures, heat 
demand, are to different degree ‘mature’ in the case cities. As highlighted aspects can be interpreted 
as conditions to successful WHR, their maturity determines where current governance activities 
are focused on. In Gothenburg, high-temperature WHR is established while the step to develop a 
low-temperature WHR system is not started yet. In Turku, there is activity on developing both, 
high-temperature WHR and low-temperature WHR. In Rotterdam, the focus lies on increasing 
DH connections, in order to create demand for the available heat supplies. 

The next Chapter presents results on the different motivations the case cities have to support WHR 
in the first place. 

6.1 Motivations 

Different aspects motivate WHR-supportive governance in the case cities. All three cities pursue 
low- or zero-carbon energy goals in order to contribute to climate change mitigation. In order to 
reach carbon neutrality until 2029, Turku aims to transform its heating sector that accounts for a 
large share of local emissions (I 4). The carbon neutrality goal mirrors national level ambitions (I 
4, I 6, I 7). Increasing WHR is attractive for Turku, as other low-carbon heat sources, like biomass 
for bio-fueled CHP reaches local limits of supply (I 6, I 7). DH development in Rotterdam is 
likewise motivated by carbon neutrality goals, including the objective to phase out natural gas, as 
driven by the national government (I 11). Due to Rotterdam’s geographic location, at low altitude 
and vulnerability to sea level rise, the discourse on climate adaptation is progressive, though highly 
political (I 10, I 12). 

In Gothenburg, different reasons to invest in WHR occurred over time. Initially, the 
independence from oil was perceived as attractive when WHR was introduced in consequence 
of the oil crisis. Thereafter, air quality (since 1970) improvements built an argument for DH 
specifically, until climate change mitigation became the main argument (I 1). Similar to Turku and 
Rotterdam, oil phase out ambitions and, today, climate goals are mirrored by national level policy 
goals.  

Ambitions to become a ‘sustainability frontrunner’ (Rotterdam, I 9), or to create a ‘flagship project’ 
(Turku, I 8) were mentioned in the case cities demonstrating motives of city marketing.  
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Representatives from Gothenburg additionally highlighted economic factors that incentivized 
WHR investments in the past. Replacing oil as a fuel was a measure to decrease dependency on 
global oil prices (I 1). Later, carbon dioxide and energy taxes introduced by the Swedish national 
government influenced investment decisions. Installing heat pumps to recover heat from sewage 
water in the 1980ies was a business led decision by Göteborg Energi (I 2). At the time, electricity 
prices were low, as Sweden invested in nuclear power. As electricity prices increased and fluctuate 
more since energy market liberalizations in the 1990ies, today WHR form sewage water is only 
used temporarily, when competitive with alternative production costs. DH in Gothenburg is one 
of Sweden’s price-efficient systems, in terms of energy price for the consumer. For this reason, 
nobody ever really questioned it politically, according to interviewees (I 2, I 3).  

6.2 Approaching Barriers  
In the following, results on WHR-supportive governance in the case cities are presented. The 
chapter is structured after different types of barriers the governance instruments explicitly, or 
implicitly address. In accordance with the analytical framework (Chapter 3.4), the instruments are 
related to the different modes of governance Hierarchical Planning and Regulation, Market Facilitation, 
Market Provision and Promotion, Network Facilitation, Network Coordination and Advocacy, and Network 
Awareness Raising and Outreach.  

6.2.1 Approaching Institutional Barriers 

In Gothenburg and Turku, the city administration develops climate-related energy goals in tight 
collaboration with the municipal energy company. In Gothenburg, the Environmental Department 
develops environmental goals and is in charge of developing the climate strategy (I 3) while 
Göteborg Energi, as part of the municipality “follow[s] and support[s] their ambitions (I 2)”. 
Göteborg Energi revises climate goals and strategy, as all other city departments and organizations 
(I 3). For renegotiating Gothenburg’s new climate strategy, expected to be published in 2021, 
Göteborg Energi was strongly involved (I 1; I 3).  

The process of developing energy goals was described a bit differently in Turku. The municipal 
energy company Turku Energia makes its own decisions (I 5). Likewise, TSE, the energy company 
co-owned by Turku and its neighboring municipalities, mentioned little interaction with the city (I 
6). However, bigger municipal decisions, like the one on carbon neutrality, are binding for the 
whole organization, including the municipal energy companies (I 7). Turku Energia was involved 
in the development of the goals, mainly for estimating how realistic the ambitions regarding the 
energy system were (I 4). In both cities, it was perceived as important to align strategies between 
different departments and sub-units of the municipality (I 6, I 8). 

In Gothenburg, the broader climate strategy is translated into more specific energy plans (I 3). 
Municipal energy planning is mandatory in Sweden since 1977 (Swedish Code of Statutes [SFS] 
1997:439) which the city cooperates on with Göteborg Energi, the public housing, and the waste 
management company (I 3). Tapping their knowledge for energy planning is crucial according to 
the interviewee (I 3). A concern in relation to goal development are time constraints: “the 
politicians have not given the Environmental Agency much time to come up with new targets and 
that’s always a risk (I 1)”. 

In the Netherlands, municipal energy plans are not mandated by the state. However, the city itself 
initiated the development of an energy vision, REAP, in the early 2000 which was possible due to 
sufficient human resources according to an interviewee (I 10). Smaller cities would hire an 
engineering firm or consultancy to do the same (I 10). Strong local leaders were perceived as 
strength in this process (I 9).  
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Energy goals and strategies were developed at different geographical scopes in the case cities. In 
Turku, for instance, a sustainability vision for the city development district of Skanssi exists (I 4). 
Developing energy strategies on district scale were perceived appropriate by experts in Rotterdam. 
Tailor-made solutions are needed as not every quarter is suitable for DH, influenced by existing 
building stock, energy infrastructures and local energy mixes (I 10). Accordingly, following the 
national level goal to phase out natural gas, Rotterdam recently assigned five districts for which 
alternatives to natural gas are assessed individually (I 11). The district are at different project stages. 
An external consultancy was commissioned by the city for comparing the cost-efficiency of 
different solutions. Until now, DH from waste incineration and additional WHR from different 
harbor industries, won over electric heating in all districts (I 11). In one of the districts, the potential 
to use waste heat from a data centre is evaluated (I 11).  

An issue reported from Turku and Rotterdam were trade-offs between heat exchanges at building 
scale and utilizing waste heat or cold to further developing the district or city wide system. In 
Turku, a decision was made against exchanging heat between a public swimming pool and an ice 
arena directly, but rather deliver DH and DC to the city network (I 8). In Rotterdam, on the 
contrary, the planning approach REAP led to WHR projects at building scale but less to city wide 
heat exchanges (I 10).  

In Gothenburg, Göteborg Energi is mandated to operate the DH network, owned by the city, 
through an owner’s directive that is renewed every year (I 1). This directive includes 
environmental targets Göteborg Energi needs to adapt. At the moment, these targets demand a 
fossil free system until 2030 (I 1). An expansion of WHR is not explicitly pursued (I 1). Applying 
an ‘energy hierarchy’ like the waste hierarchy used by the EU in order to prioritize energy 
investments was perceived as being valuable (I 1). Göteborg Energy already applies such a 
hierarchy, but more as a mind-set, not introduced officially yet (I 1). A paper that is expected soon 
to be adopted by the city council, includes such an hierarchy as an instruction to prioritize waste 
heat over RE when developing the system (I 1).  

The enforcement mechanisms for energy goals and strategies differed between the case cities. After 
publishing the last climate strategy, Gothenburg’s administration took a more passive role and left 
the operational responsibility to the stakeholders addressed (I 3). There was no legal enforcement, 
besides monitoring the performance of stakeholders like Göteborg Energi “to see if [they are] 
going in the right direction (I 3)”. The city administration could only try to push them with ‘soft 
measures’ (I 3). With the new climate strategy, Gothenburg aims to take a more active role and 
support the implementation through an advisory program for stakeholders involved. How this 
program will look like concretely still is unclear (I 3). Similarly, in Turku, the Environmental 
Department reports on the implementation of the Climate Strategy to the city council at least once 
a year and at least twice a year to the city board. Then these parties can decide on adjustments (I 
7). 

Steering energy related decisions through the presented measures ‘from above’ can be seen as the 
governance mode of Hierarchical Planning and Regulation. An advisory program also could refer to 
Network Coordination and Advocacy. If direction is defined by the municipality, however, it more off 
reflects a collaborative form of Hierarchical Planning and Regulation. Table 17 provides an overview 
on governance instruments addressing institutional barriers to WHR.  
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Table 17 Case cities’ approach to institutional barriers 

 

6.2.2 Approaching Knowledge as a Barrier  
Identifying local waste heat potentials happens in different ways in the case cities. In Rotterdam, 
the city’s waste heat potentials, including heat demands, were systematically mapped in 2011 
(Broersma & Fremouw, 2011). The mapping was executed in close collaboration with academia, a 
researcher that has been a pioneer at this time in systematically combining urban and energy 
planning was involved (I 10). However, it remained unclear if the heat map is used by practitioners 
in Rotterdam at present. None of the other case cities reported mapping activities or any other 
systematic approach to identify local waste heat sources.  

For a limited geographical area, like the district Rozenburg in Rotterdam, the available waste heat 
sources were perceived as quite straight forward (I 11). Assessing all WHR options for the entire 
city area was seen difficult and mainly limited by human resources by both energy company and 
city administration of Turku (I 5; I 7). 

In Turku, identifying heat sources is done by Turku Energia in an unsystematic manner without 
any official strategy “whenever [they] have time” (I 5). The collaboration with local researchers has 
not been mentioned in the context of identifying heat sources specifically (I 5). Similarly in 
Gothenburg, the energy company is responsible for identifying heat sources (I 3). In this case, 
however, collaboration with the local university was mentioned (I 1, I 2).  

Identifying potential waste heat sources refers to generating knowledge thus to the governance 
mode of Network Facilitation. Making this knowledge accessible to relevant actors, in addition, refers 
to Network Coordination and Advocacy. Table 18 provides an overview on governance instruments 
applied to identify waste heat potentials.  

 

Mode Governance Instruments 

Hierarchical 
Planning and 
Regulation  

 WHR related goals integrated in climate strategy, plan, or vision (all cases) 
o Joint (Gothenburg) or independent (Turku) goal setting  
o Different levels of detail and coordination between sectors  
o Different scopes (city to district level strategy) 

 Municipal energy planning  
o National mandate for municipal energy planning (Gothenburg) 

 Goal enforcement  
o Soft measures and advisory program (Gothenburg in the future) 
o Reporting and monitoring (Turku, Gothenburg)  

 Politicians in board of municipal energy company 
 Owner's directive to steer municipal energy company (Gothenburg) 

o Environmental targets (e.g. 100% renewable and recovered heat in DH 
(currently discussed) 

  ‘Energy Hierarchy’ to prioritize waste heat over RE (Gothenburg in the 
future) 

 Strengthen climate topic organizationally (Turku, Rotterdam) 
o Create specific department 
o Increase financial and human resources 
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Table 18 Case cities’ approach to identify waste heat potentials 

Additional knowledge barriers to WHR reported from the case cities were knowledge gaps on 
technical and business model solutions. The lack of technical knowledge, was not mentioned by 
respondents specifically. However, multiple research and development projects around finding 
technical solutions indicate a strong emphasis on finding technical solutions. More specifically, 
projects on heat storage solutions indicate there is a current knowledge barrier (I 1; I 4). 
Furthermore, the temperature difference between low-temperature heat sources and conventional 
DH systems were mentioned as a technical issue (I 1). Lack of experience (knowledge) on WHR 
business model, was an issue when WHR was firstly introduced in Gothenburg in the 1970ies (I 
1). There were discrepancies between the industry and Göteborg Energi on value and pricing of 
the waste heat (I 1). There was no WHR business model established or tested in other locations at 
that time. The situation could be solved through the national government of Sweden stepping in 
as a mediator, putting pressure on the parties. Only if they agreed on a business model within a set 
timeframe, the state would support the project financially (I 1; I 2). As a consequence, the parties 
agreed on a business model2 that is still used today and recommended by the Swedish District 
Heating Association for other WHR projects (I 1). 

In Turku, a two-way LTDH should be tested as a pilot project from a technical, but also business 
model perspective (I 4). Based on an earlier feasibility study conducted by the urban planning 
department in collaboration with a large private company, the energy vision for the sustainable 
district ‘Skanssi’ was developed. It incused RE and waste heat trading between the buildings. 
Initially, Turku Energia was involved as an advisor, now they implement the system (I 8).A pilot 
project on heat storage is additionally conducted in Skanssi, another one in the city centre (I 8). 
Göteborg Energi recently conducted a feasibility study on storage technology in collaboration with 
a potential technology provider (I 2). Otherwise, in Gothenburg, as well as in Turku, collaboration 
with academia on these kinds of projects is common (I 1, I 2). In many city development and urban 
planning project, the city of Turku involves Turku Energia as an advisor. It was seen as an 
important success factor for WHR in Turku that the municipal energy company is proactive and 
constantly looking for new solutions (I 7).  

Joint research by multiple energy companies was reported as a successful concept to generate 
knowledge from Sweden (I 2). In alliance with 35 other energy companies Göteborg Energi, has 
common resources for research. Projects are conducted in collaboration with external researchers 
and the Energy Agency of Sweden to increase the scope of their results (I 2). Similar benefits of 

                                                 
2 Value of the waste heat in this model is the average between the value for the industry (0) and the value for the DH company 

which is based on the marginal cost for alternative heat generation in the system. - For instance, if the alternative heat generation 
are wood pallets at 3€ct/kWh, the value of the waste heat is 1.5€ct/kWh. The price is determined by a price floor and sealing 
negotiated based on this value and gets renegotiated regularly. (I 1) 

Mode  Governance Instruments 

Network Facilitation  Identify heat and cold sources on the go (Turku) 
 Collaborations with academia (Gothenburg) 

Network Coordination and Advocacy   Energy mapping (Rotterdam) 
 Combined urban and energy planning 
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collaboration and knowledge exchange between energy companies were reported from Finland (I 
4).  

Gothenburg and Rotterdam both collaborated with other cities on innovative waste heat sources 
and technologies in the EU funded Celsius project. A strength of this project was that each city 
participated with a representative of the city authorities, an energy company and an academic 
institution (I 10).  

City networks were mentioned by the interviewees as a valuable platform to exchange experiences 
(I 1; I 4; I 9). Not only experiences on technical aspects, like focused by the Celsius project, but 
also on non-technical aspects, like Rotterdam’s urban energy planning approach were shared in city 
networks (I 9). Best-practices on phasing out natural gas on district level are shared between Dutch 
municipalities (I 11)(Platform31, n.d.). Sharing experiences addresses knowledge, but also cognitive 
barriers to WHR. If another city was able to implement something, there is higher confidence to 
achieve the same by replicators (I 9). Furthermore, exchange on common challenges increases 
solidarity between cities (I 9). The scope of city networks mentioned by the interviewees reached 
from global networks like ICLEI or C40 to networks at national level.  

In sum, there was an emphasis on technological aspects when talking about present knowledge 
related barriers to WHR. In Gothenburg and Turku, these are addressed by research and 
development activities within the municipal energy companies in collaboration with local academia, 
technology providers or other energy companies. Research and pilot projects that are conducted 
by the city or municipal energy companies reflect the governance mode of Network Facilitation. 
Sharing experiences between cities as an additional way to overcome barriers to WHR was 
mentioned by all case cities. Coordination of knowledge with external actors reflects the 
governance mode of a Network Coordination and Advocacy. Table 19 gives an overview on governance 
instruments applied to identify waste heat potentials. 

Table 19 Case cities’ approach to obtain knowledge on technology and business models 

 

  

Mode  Governance Instruments 

Network Facilitation 

 

 Research projects in collaborations with academia, technology provider 
(Gothenburg) 

 Research and development in collaboration in with other energy 
companies (Gothenburg, Turku) 

 Pilot projects, e.g. storage technology, two-way DH (Turku) 

Network Coordination 
and Advocacy  

 Collaboration and knowledge exchange with other cities (all cases) 
 e.g. Celsius project  
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6.2.3 Approaching Demand as a Barrier 

In order to create a business case for WHR in DH, demand for DH is needed. The municipalities 
of Gothenburg and Turku purchase DH for municipal buildings. Large municipal facilities, like 
schools and hospitals are important DH customers (I 1; I 4). Additional ways to stimulate heat 
demands were described. The collaboration with between DH and public housing companies was 
mentioned as a success factor for DH in all three cases (I 1; I 7; I 11).  

In Rozenburg, a part of Rotterdam, for instance, the city currently prepares a tendering process, 
open for companies willing to build and operate an extension of the DH network. The business 
case became more attractive to energy companies when the local social housing company, which 
owns 50% of the buildings in the area, agreed to purchase heat in the future (I 11). Similarly, when 
DH was developed in Gothenburg initially, the cooperation with public housing companies was 
crucial for ensuring demand (I 1). Likewise in Turku, 10 % of all buildings belong to the public 
housing company and are mostly connected to DH (I 7). The long-term planning horizon of public 
and student housing foundations was perceived as an advantage compared to collaborating with 
private actors (I 7). Creating demand as a large customer or through public housing companies 
reflects the governance mode of Market Provision and Promotion. Stimulating partnerships and heat 
demand from other, private actors can be assigned to Network Coordination and Advocacy. 

The challenges faced when increasing DH demand by connecting new dwellings differed much 
between new and existing buildings. Connecting existing buildings can require large and expensive 
interventions.The city of Rotterdam intends to connect existing buildings in order to increase DH 
demand, because not much new housing is built (I 11). Especially older houses are expensive to 
connect. This is caused by a characteristic of Dutch houses to be heated by domestic boilers in the 
attic. Converting heating installations implies large interventions on the house, as DH is delivered 
underground. Investments between 10.000 and 15.000 € and long pay pack periods make a 
conversion not attractive for home owners (I 11). In Heindijk, one of the districts that currently 
phases-out natural gas, Rotterdam supported the conversion of houses financially. Firstly, the city 
payed for DH transmission pipes. Secondly, home owners received zero-interest loans for all 
investments on their houses up until 1. 500 €. Everything above was payed for by the city (I 11). 
National level subsidies supporting natural gas phase outs on district level applied (I 11) the extent 
to which they could cover the cost by the city remained unclear. The financial incentives Rotterdam 
applied in this case refers to Market Facilitation. It was not the only instrument applied in this case. 
The communication strategy with the home owners played a crucial role.  

Firstly, a letter was sent out to inform about the project. Then, a small team of city representatives, 
including the project leaders, went from door to door (approximately 145 houses). In personal 
dialogues the aim of the project and aforementioned possibilities of financial support were 
communicated. The city’s Social Department accompanied the dialogues in order to facilitate 
additional discussions on social or financial concerns. The interviewee reflected that it was a good 
opportunity to learn how to communicate with the local citizens in a direct manner (I 11). The 
measure was successful. When sufficient home owners agreed on converting their houses, a second 
letter was sent out, communicating the success. As a response, even more homer owners decided 
to connect. Communicating with private home owners in order to increase awareness for possible 
DH connections reflects Network Coordination and Advocacy. 

DH connections in new buildings imply less technical issues. However, DH competes still with 
other technologies, like geothermal heat pumps in Turku (I 4; I 8), or air to air heat pumps in 
Gothenburg (I 1). Concerning the stimulation of DH connections through mandates, legal barriers 
were highlighted by several respondents. Due to rules of free market competition, DH connections 
cannot be mandatory in the EU.  
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More specifically, demanding DH purchases are not allowed as the case of Rotterdam shows. In 
Rotterdam, DH connections are mandatory for new buildings. However, this excludes the 
obligation to buy heat (I 10). The impact of this regulation was seen critical by a respondent, as 
some large-scale buildings in Rotterdam now have DH connections, but are not buying any heat (I 
10). 

In order to at least not dis favor DH over other heating solutions in new buildings, Gothenburg 
adopted national level building codes to local building codes approximately two years ago (I 1). 
The building codes reflect minimum requirements on the overall energy performance of new 
buildings. Trough assessing the energy performance based on used energy and not purchased 
energy, the national version systematically favors heat pumps over DH (I 1). Gothenburg’s 
‘technology neutral’ building codes are perceived as successful by the interviewee as most DH 
offers by Göteborg Energi were accepted lately (I 1). The requirements only apply to development 
projects on municipal land (I 1). 

In order to achieve DH connections in the district of Skanssi, the city of Turku worked with a 
bidding process and building requirements. When municipal land was sold to property developers 
in a bidding process, obligatory requirements on the energy system were included, like to share 
waste heat wherever economically feasible. In addition, bidders could make voluntary 
commitments in order to receive extra points. Those voluntary aspects were provided from a list, 
one example, the utilization of recovered heat from ventilation systems for floor heating or to 
unfreeze pavement in winter (I 8). In general, energy systems fully based on RE were favored (I 4). 
The municipality’s decision on who buys the land then was based on points added up for voluntary 
commitments and the price offered (I 8). According to an interviewee the described process helped 
to balance financial interests and sustainability ambitions of the city (I 8). The combination of firm 
requirements and voluntary aspects left flexibility to the construction companies, if they had own 
criteria already (I 8). The formulation of building requirements and voluntary commitments in 
Turku was supported by an external consultant in exchange with the city of Helsinki that applied 
similar codes in a district development project (I 8). Close collaboration with the building permit 
department was perceived as crucial, as this department finally checks the compliance of projects 
(I 8). 

Not all land sold in Skanssi was owned by the municipality and therefore could go through the 
municipality’ s bidding process For private land, land use agreements were used in order to apply 
similar conditions (I 8). Traditionally, an agreement between the land owner and the city specifies 
how costs for developing a property are divided. In this contract, the city of Turku included the 
same building requirements like described above.  

Despite the requirement to exchange waste heat in Skanssi, until now the DH system is only 
operated in a conventional, one-way direction (I 8). The construction companies were open to test 
new technologies, however, time constraints interrupted the development process and a tentative 
solution was chosen. In addition, no large amounts of waste heat occur in the area to date, as it 
mainly consists of apartment buildings. In order to allow two-way heat exchange in the future, city 
and construction companies agreed to include extra space in the basement. This space can be used 
whenever heat feed-ins from waste heat or geothermal heat pumps shall be implemented. A similar 
agreement was made concerning future solar collectors.  

The governance instruments presented so far include legal and voluntary building requirements, 
mandating or steering DH connections in order to stimulate demand for DH. Through their 
directive nature, they can be assigned to the governance mode of Hierarchical Planning and Regulation.  
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As a barrier to DH demand, a lack of public awareness for the sustainability of DH was mentioned 
(I 4). According to an interviewee, most (public) energy companies are not used to market their 
product (I 4). In order to be competitive, however, “[they] need to stand up from their desk and 
go out to talk to the people (I 4)”. Increased dialogue and collaboration refers here to offering 
customized solutions and services instead of ‘only’ selling heat. Turku Energia for instance, is 
increasingly perceived locally as a provider of services (I 4, I 7).  

Construction companies in Skanssi were motivated by the perceived marketing value of sustainable 
heating systems, when collaborating with Turku Energia on two-way DH solutions (I 8). 
Contrasting experiences were reported from Rotterdam where building developers were not 
convinced future tenants would pay the extra cost for systems that facilitate heat exchanges at 
building scale (I 9). Collaboratively developing WHR solutions in this context reflects the 
governance mode of Network Facilitation. Table 20 provides an overview on governance instruments 
applied to address a lack of demand and DH connections. 

Table 20 Case cities’ approach to address demand as a barrier 

6.2.4 Approaching Financial Barriers 

Several economic barriers hindered WHR projects in the case cities. Investment costs for WHR 
from a refinery close to Turku was found to be too costly ten years ago, but gets reassessed today 
(I 7). Building transmission pipes for WHR from the refineries in Gothenburg were only possible 
due to the support of the state (I 1). It was perceived as easier to make these long-term investments 
by municipal energy companies than by private companies (I 2).  

When WHR from the harbor area was discussed in Rotterdam neither the local private DH 
companies were willing to invest, nor the industry (I 10). Rotterdam responded by founding the 

Mode  Governance Instruments 

Market Provision and 
Promotion  

 Selling waste heat to end-customers (Turku, Gothenburg) 
 Buying waste heat as an end-customer (Gothenburg) 
 Market DH, sell service and advice (Tuku, Gothenburg,) 

Network Coordination and 
Advocacy  

 

 Collaborations with local (public) housing companies to create demand 
(Gothenburg, Turku) 

 Personal dialogues with home owners to discuss possibility to connect to 
DH (Rotterdam) 

Market Facilitation  Zero-interest loans and subsidies to convert houses to DH (Rotterdam) 

Hierarchical Planning  
and Regulation  

 

 Self-governance 
o DH in municipal buildings (Gothenburg) 

 Building Codes (for buildings on municipal land) 
o  favoring or not dis favoring DH (Gothenburg, Turku, Rotterdam)  

 Mandatory DH connections (without obligation to purchase) 
(Rotterdam) 

 Bidding processes and tendering 
o  favoring WHR solutions (Turku) 

 Land use requirements (for buildings on private land) (Turku) 
 Limitation: enforcing DH not possible due to the rules of market 

competition in liberalized market. 

Network Facilitation   Joint development between energy and construction company (Turku) 
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‘Heat Company’, Warmtebedrijf, (98% city owned) in order to build and operate the transmission 
pipes. Selling heat to end customers, however, remained a responsibility of the private energy 
companies. The city supported the construction of the pipes with a municipal investment of 100-
150 Mio €, motivated by the vision of a sustainable energy transition (I 12). At present, heat 
transmission is limited to heat from the waste incinerator, however, further waste heat from the 
harbor area can be accessed in the future (I 11).  

Currently, issues of unfavorable contracting between Warmtebedrijf and the main heat provider, a 
waste incineration plant that was sold by the city some years ago, become visible (I 12). The contract 
requires Warmtebedrijf to buy the incinerator’s excess heat until 2049. In estimation of the 
respondent, the heat volume Warmtebedrijf thus is required to purchase exceeds the city’s DH 
demand (I 12). This puts Warmtebedrijf as a trader of heat in an unfavorable position. In addition, 
the price set in the contract does not reflect the current market price for heat which also is 
unfavorable (I 12). As mentioned before, increasing DH demand in the city’s existing building 
structure is quite time consuming and costly. As an alternative way to distribute the abundant heat, 
plans exist to extend the DH network towards the city of Leiden, 30 km North of Rotterdam. 
Warmtebedrijf agreed with a private energy company that should distribute and sell the heat in 
Leiden to build transmission pipes until 2020. As construction delayed due to permitting issues, 
Warmtebedrijf needs to pay compensation fees to this company at present. The fees in addition to 
the unfavorable pricing situation in Rotterdam create a financial issue for the municipal company. 
Its future is politically discussed at the moment (I 12). In order to prevent such a situation in other 
places, the interviewee suggested expert consultations before making such impactful commitments 
(I 12). In addition, he mentioned optionality in long-term contracts might mitigate financial risks 
(I 12). Investing in a city asset, like a transmission pipe, in order to enable WHR refers to the 
governance mode of Market Facilitation.  

Besides the aforementioned cases in which either the state (Gothenburg) or the city itself 
(Rotterdam) financed DH infrastructure, current activities in Rotterdam show a way to contract 
these investments out to private companies. Through tendering the city coordinates which 
company will build and operate new DH systems in the city districts that aim to phase out natural 
gas (I 11). Long-term contracts, usually for around 30 years are supposed to ensure the return of 
investment for the investor. While contracts with private companies limit options to adopt the 
system during the contract period, public investments are connected to financial risks for the city 
(I 11). To address the risk of losing oversight over the activities by private actors, Rotterdam 
requires transparency on costs and prices charged from customers through the agreements (I 11). 
Additionally, they plan to monitor compliance to these contracts. Fully withdrawing in case of non-
compliance, however, was estimated as difficult according to the respondent (I 11). Long-term 
contracts can be interpreted as a market incentive, thus also refer to Market Facilitation. The 
municipality has some steering power when assigning the project, however, not more than in a 
customer relationship, as a market actor.  

As a way to realize bigger projects, Turku collaborated with neighboring municipalities in the past. 
WHR from the waste water treatment plant was installed together with 14 municipalities in 2009 
(I 7). The interviewee explained the success of the projects with shared ideas and visions between 
the municipalities and operating companies. Building partnerships with other municipalities refers 
to the governance mode of Network Coordination and Advocacy. 

In addition to high upfront investment costs, operational costs, and therefore electricity taxation 
was highlighted as an economic barrier to WHR by respondents from Gothenburg and Turku. To 
recover heat from Naatali oil refinery close to Turku, for instance, upgrading would be needed. 
Present electricity taxation schemes dis favor the investments (I 6). Electricity used for heat pumps 
in WHR currently does not receive the same tax relief as industrial processes in Finland (I 6). 
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Similarly in Gothenburg, WHR of low temperature heat sources is hindered through electricity 
costs for upgrading it (I 1). Using an increased amount of electricity in the local heating system, in 
general, can be interpreted in different ways, as respondents from Turku illustrate. On the one side, 
respondents perceived relying on electricity not as an issue as Finland still has a lot of nuclear 
energy (I 7) and they can buy it from the market (I 6). On the other side, a respondent pointed out 
that selling electricity is quite beneficial in Finland at present due to current market prices. For this 
reason, spending electricity within the own system, for WHR, would be less beneficial from an 
economic perspective (I 7).  

Due to the large size of WHR investments, decisions were connected with extensive consultations 
and feasibility studies in all three cities. TSE in Turku currently conducts a feasibility study on 
WHR from the refinery in Naatali (I 6) and Göteborg Energi on heat storage (I 1). Studies 
comparing the cost-efficiency of DH with other heating systems were conducted in Rotterdam on 
district scale (I 11). While in Turku and Gothenburg the municipal energy companies conduct 
feasibility studies, in Rotterdam the municipality hired an external consultancy firm (I 11).  

When the decision to invest in WHR and or DH infrastructure is made, cities can support the 
process by ensuring a smooth licensing process. However, this is seldom an issue according to 
a respondent from Turku (I 6). In the case of Rotterdam, where pipes should be built across several 
municipalities, on the contrary permitting eventually was an issue (I 12).  

Entities that decide on energy related investments differed between the case cities. In Gothenburg 
and Turku the municipal energy companies decide on how to develop the systems, mandated or in 
close exchange with the city council. In Rotterdam on the contrary, several energy companies 
operate in the city area and most of these are private. Table 21 provides an overview on governance 
instruments applied to address financial barriers to WHR.  

Table 21 Case cities’ approach to address financial barriers 

A barrier to WHR frequently mentioned in literature, is the risk of the waste heat providing 
companies shutting down (Chapter 3.1). This issue was not highlighted much by the interviewees. 
However, Gothenburg’s systems exemplifies how this risk can be mitigated. Including the waste 
incinerator, the city has three large supplier of waste heat. The share of WHR (including waste to 
energy) makes up around 70% of the local DH mix while no single supplier provides more than 
30 % (I 1). The distribution of heat sources builds resilience towards potential interruptions (I 
1). In fact, their capacities equal mid-size production plants why despite extra costs and emissions, 
replacing one of them would not be a big issue according to the interviewee (I 1). I addition, 
Göteborg Energi has agreements with the local refineries linking financial compensation to an 
eventual shut down. However, these contracts might not prevent a shutdown entirely (I 1). The 
international ownership of the refineries was highlighted in this context, it seemed to lower the 
perceived influence on decisions. Mitigating economic risks as discussed in a situation where a 

Mode  Governance Instruments 

Awareness Raising and 
Outreach  

 Promoting DH at local levels (Gothenburg) 
 Lobbying for WHR adequate legislation at national level 
 In alliance with other cities, through city networks (all) 

Hierarchical Planning and 
Regulation 

 Aligning own strategies with national taxation strategy (all) 
 Promote technology-open planning of buildings and energy 

infrastructures (Turku) 
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municipality purchases heat in order to supply it, reflects the governance mode of Market Provision 
and Promotion.  

Table 22 Case cities’ approach to address financial risks  

 

6.2.5 Approaching Legal Barriers 

Several barriers to WHR in the case cities were mentioned that concern national level legislation. 
In Finland, the tap water regulation requires DH supply temperatures to be at minimum 65°C in 
order to prevent legionella (I 4). This limits the possibility to decrease temperatures in LTDH 
further. In the Netherlands, gas infrastructure investments are regulated towards balancing costs 
for rural regions (I 12). No such regulation exist for DH infrastructure yet. WHR that requires 
upgrading through heat pumps was hindered by current electricity taxation in Sweden and Finland. 
Local governments reach limits of direct influence in these cases. They rely on political decisions 
on national or supranational levels. In all cases, the city governments interacted in some way with 
upper governance levels. Several interviewees mentioned alliances between cities in order to 
communicate interests (I 1; I 4; I 11). Rotterdam for instance lobbies for adequate DH regulations 
through several city networks (I 11). In this case, decoupling the price sealing for DH from natural 
gas production-costs is discussed (I 11). Also Göteborg Energi aims to advocate DH. Convincing 
local politicians is important, as those are well connected with friends and colleagues at national 
governance, according to the informant (I 2). 

In addition, the communication with upper governance levels was perceived as crucial for another 
reason. If local action and investments do not align with the general strategy at national level, it can 
become a “disaster for the consumer (I 6)”. Especially future taxation is decisive for big 
investments, according a representative of Göteborg Energi. If taxation schemes suddenly change, 
this can create issues (I 2). Raising awareness for local policy issues and willingness to support DH 
or WHR exemplifies the governance mode of Awareness raising and outreach.  

In order to create an overview on the findings presented in this chapter, one can summarize as 
followed. Institutional barriers to WHR are addressed with Hierarchical Planning and Regulation, by 
the case cities. Mainly through goal setting is applied. Knowledge and cognitive barriers are 
addressed by Network Facilitation, and Network Coordination and Advocacy. In order to address demand 
as a barrier, governance instruments reflecting a broad variety of governance modes are applied, 
including Market Facilitation, Market Provision and Promotion, Network Facilitation, Network Coordination 
and Advocacy, and Hierarchical Planning and Regulation. In order to address financial barriers, the case 
cities apply Market Facilitation, Network Coordination and Advocacy, and in order to address legal 
barriers, Network Awareness Raising and Outreach. 

Mode  Governance Instruments 

Market Provision and 
Promotion 

 Agreement with WHR provider to financially compensate when shutting 
down (Gothenburg) 

 Spare capacity and distribution of heat sources (Gothenburg) 

Market Facilitation 

 

 Tendering: Commission private energy companies through long-term 
contracts (Rotterdam) 

 Invest in WHR related infrastructure (e.g. transmission pipe) 
 Through public company (Rotterdam) 

Network Coordination and 
Advocacy 

 Collaboration with neighboring municipalities (Turku) 
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7 Discussion 
Chapter 6 presented the case study’s results. This chapter discusses the relevance of the results in 
relation to prior research in general. It then discusses significant findings and their contribution to 
practical recommendations for WHR-supportive governance more specifically.  

According to the literature review conducted in Chapter 3.2 this is the first work compiling 
governance instruments local governments can use in order to support WHR. It thus addresses a 
research gap that can be of interest to close especially for practitioners, but also for researchers by 
opening up a new perspective on further research. Existing literature on how local governments 
can support the development of DH did not systematically consider WHR as a heat source (UNEP, 
2015). As discussed above, WHR can be realized in DH, however there are important differences 
between DH and WHR. The roles local governments can take to support DH, described by UNEP 
(2015), namely planner and regulator, facilitator, provider and promoter, coordinator and advocate and the 
activity of awareness raising and outreach, are only operationalized through few governance instruments 
(UNEP, 2015). The results of this study (including RQ 1) are more comprehensive in this regard. 
Especially, concerning financing issues in large heating infrastructure projects, this study revealed 
governance modes and instruments UNEP (2015) does not cover. While the study by Lenhart et 
al. (2015) was limited to the planning phase of WHR projects, this research covers their 
implementation in addition.  

The results are limited to experiences from three case cities. More WHR-supportive governance 
instruments might occur in other places. Of the governance modes and instruments identified, not 
all are replicable in every other context, as the context dependency of WHR got confirmed by the 
results. Replicable, however, is the framework which has been developed and tested in this study. 
It can be used as a tool for conducting a place dependent analysis of potential governance modes 
and their implications. 

In accordance with the aim of this thesis, generating replicable learnings and recommendations for 
other localities, the analytic generalizability of the results is discussed in the following. A main 
difference between the cases, is the ownership structure in local DH systems. Hence, as a first step, 
the influence of ownership on WHR-supportive governance is discussed. 

7.1 The Influence of Ownership 
The results indicate a main difference between WHR-supportive governance modes and 
instruments applied in Gothenburg and Turku, with municipal owned DH systems, on the one 
side, and Rotterdam with multiple private DH companies on the other. This difference confirms, 
the impact of different ownership structures on governance in DH networks (Rao et al., 2017). 

Differences in the governance modes and instruments applied depending on the ownership 
structure can be explained in multiple ways. One perspective is that the degree of direct control 
municipalities have on the local DH company, differs. Governance instruments reflecting 
Hierarchical Planning and Regulation that rely on authority, thus might only be applicable to a limited 
extent to private energy companies. As another perspective, the results highlighted organizational 
links between municipal energy companies and city administration. They were of different intensity, 
but in general can explain the accessibility of WHR-relevant, technical knowledge for municipal 
decision making. Municipal ownership, in addition, can motivate and allow for technical research 
on WHR within the organizational boundaries of the municipality, in line with Network Facilitation, 
as results can be used internally. Such research or actual WHR projects can be financed in municipal 
ownership structures through income from operating the DH system. The potential absence of 
financial and knowledge resources of that kind can explain, why governance modes and 
instruments in the context of multiple private energy companies differed. The case of Rotterdam 
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showed that local governments in private ownership contexts can create market incentives (Market 
Facilitation), in order to stimulate WHR activities or coordinate action by third actors (Network 
Coordination and Advocacy). 

External resources local governments can use in order to address barriers to WHR, were indicated 
as equal for both ownership structures. In all three cases, the cities collaborate with academia and 
exchange experiences in city networks in order to address knowledge and cognitive barriers 
(Network Coordination and Advocacy), and lobby at national level for WHR adequate legislation 
(Network Awareness Raising and Outreach). In addition, municipalities can support WHR through 
urban planning and related governance instruments, like land use agreements or building codes, 
across all ownership structures. This confirms suggestions to support DH through urban planning 
by UNEP (2015).  

7.2 Drivers and Barriers to Waste Heat Recovery 
Results of the research contribute to an understanding of reasons why local governments are willing 
to support WHR. The main motivation for WHR, across cases, is to reach municipal climate goals. 
As climate change mitigation has social benefits as well (Field, 2014), this covers two of the main 
benefits of WHR.  

In addition, some WHR investments in the case of Gothenburg were business-led, indicating the 
recognition of economic benefits of WHR. Gothenburg’s aim to decrease dependency from oil 
imports in the 1970ies, was referred to as economic reason as well. A decreased dependency from 
fuel imports, however, can also be linked to social benefits, as contributing to the resilience and 
thus reliability of DH (Rao et al., 2017). In sum, the results suggest, local governments recognize 
the environmental and economic benefits of WHR, while they are less driven by social benefits to 
support the solution. 

The results revealed multiple barriers to WHR in the case cities. Some of these barriers confirm 
prior research on barriers to WHR (Chapter 3.1). Barriers identified that were not mentioned 
explicitly before, are highlighted in Table 23. These include lack of knowledge on storage 
technology, insufficient DH connections, and context specific legal barriers. In addition to 
contributing theoretical knowledge, highlighting legal barriers to WHR, might nurture the political 
discourse. The results highlight infrastructural barriers to WHR that were included as 
preconditions, but not as barriers to WHR in the literature review. Issues with the distance between 
waste heat source and existing DH network, and temperature differences between conventional 
DH networks and waste heat sources indicate the importance of the design of DH infrastructures 
for the feasibility of WHR projects. 
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Table 23 Current barriers to waste heat recovery in the case cities 

Barrier  Type of barrier Case City Addressed  

Distance between waste heat 
source and existing DH 
network 

Infrastructural 
barrier 

Turku, 
Gothenburg 

x 

Temperature difference 
between conventional DH and 
low-temp. heat sources 

Technical/ 
infrastructural 
barrier 

Gothenburg x 

Insufficient DH connection 
while excess heat supply 

Market/ 
infrastructural 
barrier 

Rotterdam 
Market Facilitation, Network 
Coordination and Advocacy to 
increase DH connections 

Competition with (geothermal) 
heat pumps Market barrier 

Turku, 
Gothenburg 

Network Coordination and 
Advocacy: Market DH product 
and services  

High investment costs Economic barrier  Turku 
Feasibility study; addressing 
barrier of electricity taxation 

Electricity taxation  Legal barrier 
Gothenburg, 
Turku 

Awareness Raising and Outreach: 
Lobbing at national level 

Tab water regulation Legal barrier Turku 
Awareness Raising and Outreach: 
Lobbing at national level 

DH connections cannot be 
mandatory Legal barrier All case cities x 

Lack of knowledge on storage 
technology Knowledge barrier 

Gothenburg, 
Turku 

Market Facilitation: Research 
projects 

7.3 Overcoming Barriers  

Multiple governance instruments to explicitly or implicitly address barriers to WHR were identified 
in the case studies (RQ2), as well as in the pre-study (RQ1). The results do not include governance 
approaches to all barriers to WHR mentioned in literature. However, all types of barriers are 
covered. The relevance of the results for overcoming barriers to WHR in other contexts is 
discussed in the following. The structure of the section mirrors the structure of Chapter 6. 

7.3.1 Overcoming Institutional Barriers  

The results highlight municipal goals as a central instrument to support WHR. In the cases 
Gothenburg and Turku, energy goals influenced research activities and investments decisions of 
the municipal energy companies. This demonstrates the steering capacity of (potential) WHR goals, 
reflecting Hierarchical Planning and Regulation. The research showed that enforcement of energy goals 
and strategies in the municipalities, was not done in a command-and-control, but rather a 
suggestive, advisory manner in combination with monitoring. The extent to which private actors 
can be steered by municipal goals remains uncertain, which indicates this approach might be less 
suitable for private ownership structures. The importance of connecting municipal goals to WHR 
is however, a general observation important to consider in other municipalities. 

Rotterdam works with market incentives to implement its municipal energy vision. This indicates 
a way to steer WHR activities through Market Facilitation in a context with less municipal actors. By 
providing transmission pipes for future WHR, the city facilitates a market for waste heat. Present 
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difficulties with the business model and contract, suggest choosing business model- and contractual 
arrangements carefully. Awareness Raising and Outreach to align strategies with upper governance 
levels, was highlighted as a way to address discrepancies between governance levels and thus 
mitigating investment risks in all case cities.  

Even though principles for joint urban and energy planning exist in theory (Leduc & Van Kann, 
2013; Tillie, 2018), these were not used officially in the case cities. The results still demonstrate 
combining energy and urban planning is important to support WHR. Firstly, this was highlighted 
by experiences in the city development area Skanssi in Turku. Secondly, current issues of 
implementing DH connections ex-post in Rotterdam demonstrate infrastructural barriers to WHR 
that could be solved by urban planning. One interviewee confirmed that check-lists could help to 
establish the consideration of WHR systematically. This is also a finding to consider for other 
municipalities. 

The issue of changing political and financial climates in public institutions (Lenhart et al., 2015) 
was not perceived as disturbing in the case cities. This might be specific to the cases. Explicitly, 
WHR-favoring planning principles could prevent changing strategies and inconsistent investments 
in localities, where political and personnel changes are more common. Against the background that 
heating systems are Large Technical Infrastructures which change slowly over time (Palm, 2006), 
adequate principles might prevent path dependence, in addition. 

7.3.2 Overcoming Knowledge- and Cognitive Barriers  

The results revealed mainly two governance modes that are applied to obtain WHR-relevant 
knowledge in order to address knowledge and cognitive barriers.  

The first approach identified, are research, and more specifically pilot projects by the case cities 
Gothenburg and Turku, reflecting Network Facilitation. The replicability of this approach, however, 
is limited to access to the respective human- and financial resources. The second approach 
identified is exchanging existing information in national or supranational city networks, reflecting 
Network Coordination and Advocacy. This approach seems widely replicable, as applied by all three 
case cities and not requiring much human or financial resources. The importance of city networks 
to exchange knowledge on WHR confirms the importance of city collaborations in climate 
governance (Jänicke, 2017).  

The results do not reveal if other modes of governance could also be applied effectively to address 
knowledge barriers to WHR, as indicated by the analytical framework (Chapter 3.4, Table 6). In 
theory, local governments could stimulate research by financial incentives (Market Facilitation), or 
mandating research (Hierarchical Planning and Regulation). Funds allocated for projects on WHR by 
the EU (Celsius, 2020a; ReUseHeat, 2017c) give an example of such approach by upper governance 
levels. 

The case cities do not use a systematic approach to identify potential waste heat sources. Whether 
the ‘on-the-go’ approach, reported from both, Gothenburg and Turku, is effective or not, remains 
uncertain. Experience from Rozenburg, Rotterdam indicate that waste heat sources might be quite 
straight forward to recognize at district scale. For larger areas, systematic approaches seem 
advantageous, especially in contexts in which responsibilities are quite distributed or personnel 
often changes. The pre-study (RQ1, Chapter 5) revealed that Frankfurt uses a waste heat registry, 
and London uses waste heat maps in order to assess and monitor local WHR potentials. Several 
mapping tools for waste heat exist that are open-source and can be used for free by local authorities 
to visualize waste heat potentials (Hotmaps Project, 2020; PLANHEAT, 2019; THERMOS, 2019). 
Results by Krasatsenka et al. (2017) suggest that simple maps can already provide inspiration to 
projects. If financial or knowledge resources for extensive waste heat mappings are limited, 
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municipalities can collaborate with universities, like the example of Vienna (Loibl et al., 2017) and 
Rotterdam (Broersma & Fremouw, 2011) demonstrated.  

While the case studies confirmed that the availability of waste heat sources is quite context 
dependent, a variety of waste heat sources that are currently utilized in pilot projects were identified 
in the pre-study (Chapter 5, Table 16). This shows, WHR is possible in many different contexts. It 
also shows that pilot projects are a common way to address knowledge and cognitive barriers to 
WHR at present.  

7.3.3 Overcoming Financial Barriers  
Long payback periods of WHR projects as a barrier to WHR (ReUseHeat, 2019a) were confirmed 
by the results of this study. Two approaches to overcome this barrier were identified, both reflect 
Market Facilitation. Firstly, a low-interest loan by the city of Paris allowed the local DH company to 
expand the network (UNEP, 2017). Secondly, zero-interest loans in the case of Rotterdam 
facilitated the conversion of natural gas heated houses to DH. Both examples demonstrate how 
WHR investments were possible with prolonged planning horizons.  

The results further indicate that public companies plan rather long-term than private companies. 
The city of Rotterdam founded a public company in order to invest in transmission pipes while no 
private company was interested. Negative experiences with business model- and contractual 
situation, in this case, suggest carefulness when designing agreements. Same counts for long-term 
contracts when out-sourcing investments and permitting private investors to operate a system for 
a specific amount of time. The advantage of avoiding financial risks can create the disadvantage of 
limited flexibility to adjust DH systems to technological or market changes.  

In the case of Gothenburg, investments in WHR could be realized in the 1970ies through financial 
support by the national government. Despite the positive effects of national level support in this 
case, the results confirm, that funds and grants should not replace a WHR business case. This was 
specifically highlighted by one of the interviewees. 

When a DH network is implemented, it is flexible towards different types of heat sources from a 
technological perspective. This flexibility of DH facilitated a smooth introduction of WHR in 
Gothenburg which confirms a main benefit of DH (Rao et al., 2017). It also demonstrates that 
financial barriers to WHR might be lower in contexts which have DH in place already, like in 
Northern Europe or the former Soviet Union (Werner, 2017). Considering potential long-term 
benefits of DH systems, might favor DH over to other heating systems in investment decisions.  

Another way to address financial barriers to WHR is expressed by the business model applied in 
Gothenburg. Sharing economic benefits of WHR between the DH company and the waste heat 
provider, might motivate joint investments. No example of joint investment could be identified 
within this study. This might confirm a lack of knowledge on how to distribute risks and benefits 
(Lygnerud et al., 2019; Moser et al., 2016). As described before, knowledge barriers to WHR are 
addressed for instance by research projects or exchanging information between cities. A research 
projects addressing WHR business models and contractual options specifically, is the EU-funded 
ReUseHeat project (ReUseHeat, 2017c). Local governments could carry this approach forward by 
bringing relevant stakeholder together and providing information in accordance with Network 
Coordination and Advocacy. 
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A distribution of financial risks is reached through the distribution of investments on several waste 
heat sources, as shown in the case of Gothenburg. Such decentralization of heat sources is in 
accordance with the 4th generation DH and is favored by the technical opportunities of LTDH 
(Lund et al., 2014).  

7.3.4 Overcoming Market Barriers  
The collaboration with large scale customers as a strategy to establish DH on the market was 
relevant across all cases. While most respondents referred to procurement by public housing 
companies, reflecting the governance mode of Market Provision and Promotion, it also can apply to 
arranging partnerships with third actors in accordance with Network Coordination and Advocacy, 
especially in places in which public heat demands are limited.  

A competitive advantage of WHR that can be used to overcome market barriers to WHR is its 
sustainability performance. In the development district Brunnshög in Lund, where WHR from a 
large-scale research facility in LTDH is currently being implemented, recovered heat was 
successfully marketed to property developers. The sustainability aspect was a good selling point, 
however, the local energy company needed to market it to property developers individually. This 
information was obtained from an additional interview with Lund’s municipal energy company (I 
13). The need to proactively market DH and DH services was also highlighted by a respondent 
from Turku’s energy company, as not many customers would know DH can be more sustainable 
than other heat sources.  

The results suggest that city development projects are a special opportunity for implementing WHR 
solutions. Several governance instruments identified in this study can be applied to foster WHR in 
developing structures, for instance building codes (Gothenburg), land use agreements (Turku), or 
requirements to assess WHR potentials (pre-study, Tokyo) which are examples of Hierarchical 
Planning and Regulation. Alternatively, local governments can facilitate partnerships to implement 
WHR solutions (Turku) which reflects Network Coordination and Advocacy. Network Facilitation 
through actively participating in the development of WHR in city development projects, like in 
Skanssi (Turku), can also address market barriers to WHR. 

7.3.5 Overcoming Legal Barriers  

Awareness Raising and Outreach in form of lobbying at national level for local interest, in order to 
overcome current institutional barriers to WHR was highlighted across all cases. As each of the 
case cities is among the biggest cities in its respective country, their political influence on national 
level might be high. The replicability of this approach to smaller cities remains unclear as they might 
have limited human and financial resources. This highlights the importance of alliances and city 
networks through which smaller cities can organize themselves.  

To summarize, the governance modes and instruments identified in the case cities differed mainly 
with regards to ownership of local DH companies. Gothenburg and Turku, with municipal energy 
companies, supported WHR mainly through Hierarchical Planning and Regulation, Market Provision and 
Promotion, and Network Facilitation. Rotterdam, with mainly private energy companies, supports 
WHR through Market Facilitation, and Network Coordination and Advocacy. All case cities lobby for 
WHR adequate policy frameworks at upper governance levels which refers to Network Awareness 
Raising and Outreach. An overview of the governance instruments that were discussed in this chapter 
as ‘replicable’ is provided in the Tables 24-26.  
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Table 24 Replicable governance modes and instruments applied in Gothenburg 

 

Table 25 Replicable governance modes and instruments applied in Turku  

 

Table 26 Replicable governance modes and instruments applied in Rotterdam 

Barrier to WHR Governance Instruments  Governance Mode 

WHR against business model of 
selling heat;  
high investment costs 

Energy goals  
Energy strategy  

Hierarchical Planning and 
Regulation 

WHR competes against other 
heat sources 

Local building codes (not 
dis favoring DH) 

Hierarchical Planning and 
Regulation 

Lack of demand or supply Act as provider of waste 
heat and large consumer 

Market Provision and 
Promotion 

Lack of knowledge on storage 
technology; business model and 
policy options 

Research and pilot 
projects, e.g. on storage 
technology 

Network Facilitation 

Lack of knowledge and 
awareness on technology, 
business model and policy 
options 

Initiating and coordinating 
European research project  

Network Awareness Raising 
and Outreach 

Barrier to WHR Governance Instruments  Governance Mode 

WHR is against current 
business model of selling heat  

Energy goals  
Energy strategy  

Hierarchical Planning and 
Regulation 

WHR competes against other 
heat sources 

Building requirements and 
land use agreements in city 
development project 

Hierarchical Planning and 
Regulation 

Lack of demand or supply Large DH consumer Market Provision and Promotion 

Lack of knowledge on local 
WHR options, storage 
technology, two-way DH 
system technology and 
business model 

Identifying potential waste 
heat sources 
 
Pilot projects: two-way 
LTDH, heat storage 

Network Facilitation 

Lack of WHR-supportive 
legislation 

Lobbing at national level Network Awareness Raising and 
Outreach 

Barrier to WHR Governance Instruments Governance Mode 

Lack of market incentive Investing in transmission 
pipe 
Long-term contracts for 
companies expanding DH  

Market Facilitation 

Lack of demand  Low interest loans for 
converting houses 

Market Facilitation 

Facilitating partnership 
with social housing 
company 

Network Coordination and 
Advocacy 

Lack of adequate DH 
regulation 

Lobbying on upper 
governance levels  

Network Awareness Raising and 
Outreach 
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7.4 Reflection of Methodological Choices  

The methods applied in this study provided useful information in order to answer the research 
questions. The literature review confirmed benefits and potentials of replacing primary heat sources 
with WHR. The overview on current barriers to WHR and actors in WHR systems underlined the 
relevance local governments can have in supporting WHR solutions in their contexts. Furthermore, 
reviewing literature on urban energy and transition governance confirmed the lack of studies on 
WHR specific governance. At the same time, it inspired the idea to use different governance modes 
as an analytical framework. Combining both, different roles local governments can take to support 
DH and hierarchical, market and network governance allowed to differentiate the governance 
modes that are used in WHR governance in more detail than it would have been possible with 
either of these typologies. The suitability of the resulting framework to WHR-supportive 
governance was confirmed by both, results of the pre-study and the case studies.  

The selection of case studies provided a variety of learnings on WHR-supportive governance 
instruments, drivers and barriers to WHR in the case cities. As Rotterdam was the only case with 
a private ownership setting, an imbalance towards results from a context with municipal ownership 
was created. This imbalance got reinforced through a lack of responsiveness of potential interview 
partners. Having yet another case with private ownership could have given more information on 
possible benefits with this. 

Due to language barriers, data collection for the case studies mainly relied on interviews. The level 
of English spoken by both the interviewees and the researcher influenced this process. Data 
collection was further influenced by the Coronavirus/Covid-19 pandemic. Due to travel 
restrictions, all interviews were conducted via Skype or telephone and not in person as intended. 
The results from the interviews helped answering the research questions and there are no obvious 
detected losses by doing the interviews over phone or online. One potential loss could be that 
interviews tend to be shorter and shallow. However, this was not perceived as an issue by the 
author.  

The analytical framework was useful in structuring data collection and analysis. The coding 
software helped to process data derived from 14 interviews in total. The two-step approach of 
analyzing each of the cases individually, before conducing a cross-case analysis helped to analyze 
similarities and differences between the case cities in their respective context.  

The strong influence of the individual context on WHR-supportive governance is highlighted by 
the results of this study. This confirms the suitability of a case study method for approaching this 
topic. Including a preparatory research step, the multiple-case study method was useful in 
answering the research questions. However, it allows not for direct generalizations. As discussed 
before in this chapter, on an analytical level, the results provide replicable learnings.  
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8 Conclusions and Recommendations 
This thesis highlighted that amongst the multiple non-technical barriers that currently hinder the 
implementation of WHR solutions in DH systems, many can be addressed by local governments. 
Taking a multiple-case study approach, the research identified a variety of governance instruments 
that cities and regional governments can use in order to support WHR projects. The identified 
instruments differ in the role local governments take and the logic through which barriers to WHR 
are addressed. Based on a literature review on prior research on energy and transition governance, 
an analytical framework was developed, consisting of six different modes of governance:  

 Hierarchical Planning and Regulation, 
 Market Facilitation, 
 Market Provision and Promotion, 
 Network Facilitation, 
 Network Coordination and Advocacy, and  
 Network Awareness Raising and Outreach.  

This framework guided the analysis, while answering two research questions: 

RQ1: Which WHR-supportive governance instruments can be identified in earlier research?  

Examples of WHR-supportive governance instruments mentioned in academic and grey literature, 
as well as on websites, were identified. They include energy goals and strategies, energy potential 
mapping, a waste heat registry, DH connection policy, self-governance in public procurement, 
investments in city assets, and facilitating partnerships. The most common instrument were pilot 
projects. The compilation served as a pre-study for the analysis of WHR-supportive governance in 
Gothenburg, Turku and Rotterdam that was conducted in order to answer the second research 
question: 

RQ2: How have three case cities supported WHR in the past and how are they supporting WHR at present?  

The analysis of the case cities revealed that climate goals are the main motivations to support WHR 
at present, but also economic factors were a driver for the implementation of WHR in the past. 
The main barrier to WHR in the cities at present are high upfront investment costs, unfavorable 
electricity taxation, competition with other heating technologies, and insufficient DH connections.  

The governance modes and instruments applied by the case cities differed between municipal and 
private ownership of local DH systems. In the two cases with municipal ownership, Gothenburg 
and Turku, there was an emphasis on addressing institutional barriers to WHR by Hierarchical 
Planning and Regulation, and market barriers through Market Provision and Promotion. In the case with 
mainly private ownership, Rotterdam, market barriers to WHR were addressed through Market 
Facilitation, and Network Coordination and Advocacy. Knowledge barriers to WHR were addressed by 
Network Facilitation, through research and pilot projects, in Gothenburg and Turku, while all three 
cities exchanged knowledge between cities to address knowledge barriers, referring to Network 
Coordination and Advocacy. Strategies to address legal barriers to WHR were similar between the cases 
too, involving lobbying for adequate legal frameworks at upper governance levels which refers to 
Network Awareness Raising and Outreach. 

The emphasis of WHR-supportive governance in the case cities was influenced by the ‘maturity’ 
of individual aspects that are all relevant for WHR in DH, including DH pipes, connections and 
demand, waste heat sources, financial resources, and national level support.  
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By taking into account further contextual factors that led to the success of WHR and WHR-
supportive governance in the case cities, the replicability of the results was discussed. By 
complementing the results from the case studies (RQ 2) with results from the pre-study (RQ 1) the 
following recommendations for local governments willing to support WHR can be formulated.  

8.1 Governance Recommendations  
Local governments should clearly define a WHR-supportive direction, including explicit goals, 
responsibilities, and processes (Table 27). They should explicitly integrate WHR in municipal 
energy goals and strategies. Coordinating action across sectors and align approaches with upper 
governance levels thereby is crucial. Where local governments only have limited control over local 
DH companies, municipal statements to support WHR can be complemented with governance 
approaches suggested in Table 30, for instance, market incentives or arranging partnerships to 
stimulate interest for WHR. In any ownership structure, WHR-supportive, combined urban and 
energy planning should be applied. Clear planning and decision-making principles should get 
defined, and if possible be binding. On a more ad-hoc, but also systematic basis, local governments 
should take the initiative and facilitate partnerships that lead to the realization of WHR projects. 

Table 27 Governance recommendations to address institutional barriers to waste heat recovery 

Local governments should establish systematic processes to assess and monitor local WHR 
potentials. Open-source tools and collaboration with academia can support this process. The 
geographical scope of the focus area determines the assessment’s dimension and thus the need for 
aid. Assessing WHR possibility on different spatial scales, can help to identify potential projects 
for individual districts or neighborhoods. A documentation is recommended in any case to prevent 
the loss of knowledge if personnel changes. Knowledge on which waste heat sources are possible 
to utilize, can be obtained by exchanging experiences with other localities, for instance in city 
networks. If sufficient financial and knowledge resources are accessible in municipal energy 
companies or through research funds, local governments can contribute to the generation of new 
knowledge by implementing pilot projects. If needed, these can be conducted in collaboration with 
academia or potential technology providers. In this way, current knowledge and cognitive barriers 
to WHR are addressed (Table 28).  

Define a clear direction 

Instruments Mode of Governance Context 

Define municipal energy goals 
and strategies 

- Coordinate action across 
sectors 

- Align approach with upper 
governance levels 

Hierarchical Planning and 
Regulation  

 

Any ownership structure 

- If control over private actors 
is limited (non-municipal 
ownership structures) 
combination with other 
approaches is recommended 

Combine urban and energy 
planning 

Define clear decision making 
principles, e.g. ‘energy hierarchy’ 

Hierarchical Planning and 
Regulation  

Any ownership structure 

Initiate or facilitate partnerships 
to realize WHR  

Network Coordination and 
Advocacy 

Any ownership structure 
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Table 28 Governance recommendations to address knowledge barriers to waste heat recovery 

Local governments should consider the long-term benefits of DH infrastructure investments and 
institutionalize long-term planning. If economically feasible, public resources should be used to 
invest in WHR or related infrastructure, like transmission pipes. To mitigate financial risks of such 
investments, business models and potential contracts should be designed carefully. Risks can be 
distributed additionally through decentralized systems with several waste heat sources. DH systems 
at low temperatures (LTDH) can increase the number of potentially accessible industrial and urban 
heat sources and thus support decentralization. To distribute the financial burden of projects, joint 
investments together with waste heat providers (industry) can be considered, as both parties benefit 
from the valorization of the waste heat. Joint investments with other municipalities benefitting 
from projects can be an additional option.  

Where local governments have limited resources to invest in WHR themselves, they can create 
conditions that allow private investors to plan long-term. Instruments that can be used are low- or 
zero-interest loans or long-term contracts that permit actors to operate a DH system for the given 
pay-back period.. Again, careful contracting is important in order to avoid technological path-
dependence and ensure cost-efficiency of the system throughout the contract period. Local 
governments should consider that long-term contracts with private operators generally limit their 
influence on the system during the contract period. The suggested instruments (Table 29) allow to 
address financial barriers to WHR.  

  

Obtain knowledge through collaboration 

Instruments Mode of Governance Context 

Assess and document local WHR 
potentials systematically on different 
geographical levels  
(e.g. district, neighborhood scale) 

Network Facilitation Any context 

Collaborate with universities on mapping 
of local waste heat potentials 

Network Coordination and 
Advocacy 

Low human and 
financial resources 

Pilot and other research projects,  
e.g. in collaboration with academia or 
technology provider  

Network Facilitation 

 

High human and 
financial resources 

 

Exchange existing  knowledge between 
cities, e.g. through city networks 

Network Coordination and 
Advocacy 

Low human and 
financial resources 
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Table 29 Governance recommendations to address financial barriers to waste heat recovery 

In order to address market and legal barriers to WHR, local governments can lobby for WHR-
supportive policy frameworks on upper governance levels. As changing legislation can be a long- 
or mid-term process, local governments can proactively start implementing WHR where it is 
economically feasible, for instance in city development projects. In order to support or create 
markets for recovered heat, municipalities can procure recovered heat in public buildings, or 
arrange collaborations that convince other actors, like housing companies, to do so. If financial 
resources are accessible, local governments can stimulate WHR by providing key infrastructures, 
like transmission pipes. 

Where it is economically feasible and beneficial from an environmental perspective, local 
governments should not miss the chance to integrate WHR in new infrastructures. Opportunities 
to support WHR through architectural measures or urban planning, for instance in city 
development projects, should be used. Requirements to assess WHR potentials in every city 
development project can institutionalize this procedure. Further instruments, like land use 
agreements, or building codes can be used to foster WHR-supportive building design and DH 
connections. Depending on human and financial resources, local government can either implement 
WHR projects themselves or act as a mediator that facilitates partnerships between actors that 
otherwise would not collaborate. Table 30 summarizes the suggested instruments to address market 
related barriers to WHR. 

  

Favor WHR through long-term planning 

Instruments Mode of Governance Context 

Consider long-term benefits of  investments in 
DH infrastructure 

All Any 

Invest in public WHR infrastructures 

- Select business model and contract design 
carefully 

- Distribute risks by decentralizing heat 
generation; using potentials of low-
temperature DH (LTDH) 

- Consider joint investments with waste heat 
provider 

Market Facilitation Sufficient financial 
resources 

Facilitate long-term planning of private actors 
(e.g. through low-or zero-interest loans or long-
term contracts and permits) 

- Design contracts carefully 

Market Facilitation  Insufficient 
financial resources 
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Table 30 Governance recommendations to address market barriers to waste heat recovery 

A general recommendation for developing WHR in DH systems, is to be equally aware of all 
conditional aspects. Only if waste heat source(s) and heat demand exist, DH infrastructures, including pipes 
and connections, are in place and financial resources are available, WHR projects are possible. Political 
support on national level, in addition, can determine the economic sustainability of solutions through 
supportive, or at least not disfavoring legislation. As all these aspects are interdependent, local 
governments should address them simultaneously when developing WHR systems. If one aspect 
is disregarded, like lack of sufficient demand for installed DH capacity, or lack of political support, 
problems are likely to occur. Central coordination is recommended in order to keep an overview 
on status and future development potentials of local WHR systems. 

In sum, this research identified several replicable governance instruments that local governments 
can use to support the recovery of waste heat in their context. Based on the key learnings, 
recommendations for further research are presented in the following.  

  

Support competitiveness at present and in the future 

Instruments Mode of Governance Context 

Raise awareness for policy needs at 
national governance levels 

Awareness Raising and 
Outreach 

Any 

Procure recovered heat in public 
buildings 

Market Provision and 
Promotion 

High public heating demands 

Stimulate heat trading through 
providing key infrastructures, e.g. 
transmission pipes 

Market Facilitation Sufficient financial resources 

Arrange partnerships with third 
actors that supply or procure 
recovered heat 

Network Coordination and 
Advocacy 

Low public heating demands 

Support WHR integrative 
infrastructures and building designs 
(e.g. through requirements to 
assess WHR potentials, and use 
agreements, or building codes) 

Hierarchical Planning and 
Regulation 

City development project 

Participate proactively in the 
development and testing of WHR 
solutions 

Network Facilitation City development project; 
Sufficient human and financial 
resources 

Facilitate partnerships between 
third actors and provide them with 
WHR-relevant information to 
stimulate projects 

Network Coordination and 
Advocacy 

City development project; 
Insufficient human and 
financial resources 
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8.2 Recommendations for further Research  

The results of this research mainly rely on experiences made in three case cities. However, several 
other cities proactively support WHR at present, as examples from answering RQ 1 indicate. 
Further case studies that analyze WHR-supportive governance modes and instruments in these 
cities, including successful as well as unsuccessful experiences, are needed in order to expand the 
knowledge on different governance options. Research on further examples of WHR-supportive 
governance could improve the governance recommendations this work provides, for instance by 
diversifying recommendations in accordance with the context specificity of WHR. Especially, 
research into how local governments can stimulate WHR activities in private companies would be 
needed. Many DH systems in Europe and elsewhere are privately owned and the results of this 
study were limited in this regard. Further research is needed on governance options to address 
barriers to WHR that this study did not suggestions for.  

Furthermore, research on successful WHR business models is needed in order to allow the smooth 
implementation of technical solutions. Local governments might benefit from this knowledge in 
the role of a customer, supplier or trader of waste heat. Uncertainty about the right kind of business 
model challenged WHR in one of the case cities and very little research on this topic exists to date.  

The results of this study highlighted the dependency of local WHR ambitions on national level 
support. Research on policy options upper governance levels have to support WHR is therefore 
needed. Ex-ante evaluations on WHR-supportive policy, for instance on adopted electricity 
taxation could support political decision making.  

Further research and development of technical solutions, like heat storage, is needed in order to 
overcome current technical barriers to WHR in conventional and LTDH systems. In order to 
quantify environmental and social benefits of individual WHR solutions and to compare them with 
alternative heat sources, context specific Life Cycle Assessments are needed. Such assessments, 
again, can inform decision making.  

The study revealed that lacking financial and human resources make it difficult for local 
governments to conduct feasibility studies on local WHR opportunities. Academia can initiate or 
support existing governance ambitions by generating such feasibility studies for cities or regions.  



Keeping the (Waste) Heat in the City 

61 

Bibliography 
Al-Rabghi, O. M., Beirutty, M., Akyurt, M., Najjar, Y., & Alp, T. (1993). Recovery and utilization of waste heat. Heat 

Recovery Systems and CHP, 13(5), 463–470. https://doi.org/10.1016/0890-4332(93)90047-Y  

Amsterdam Smart City (2019). Energy Atlas. Retrieved February 19, 2020, from 
https://amsterdamsmartcity.com/projects/energy-atlas 

Arnouts, R., van der Zouwen, M., & Arts, B. (2012). Analysing governance modes and shifts—Governance 
arrangements in Dutch nature policy. Forest Policy and Economics, 16, 43–50. 
https://doi.org/10.1016/j.forpol.2011.04.001 

Backes, C., Gilhuis, P. C., & Addink, G. H. (2006). Milieurecht. Kluwer. 

Bendig, M., Maréchal, F., & Favrat, D. (2013). Defining “Waste Heat” for industrial processes. Applied Thermal 

Engineering, 61(1), 134–142. https://doi.org/10.1016/j.applthermaleng.2013.03.020 

Bevir, M. (2013). A Theory of Governance. https://escholarship.org/uc/item/2qs2w3rb 

Blaikie, N., & Priest, J. (2019). Designing Social Research: The Logic of Anticipation. John Wiley & Sons. 

Blömer, S., Götz, C., Pehnt, S., Hering, D., Ochse, S., Richter, S., Thomassen, P., Grytsch, G., Zopff, C., Jäger, S., & 
Huber, B. (2019). EnEff:Wärme -netzgebundene Nutzung industrieller Abwärme (NENIA). Schlussbericht im Auftrag 

des Bundesministeriums für Wirtschaft und Energie. Retrieved May 7, 2020, from https://www.ifeu.de/wp-
content/uploads/Schlussbericht_EnEffW%C3%A4rme-NENIA.pdf 

Bollen, J., Guay, B., Jamet, S., & Corfee-Morlot, J. (2009). Co-Benefits of Climate Change Mitigation Policies: Literature 
Review and New Results (OECD Economics Department Working Papers No. 693). 
https://doi.org/10.1787/224388684356 

Bouwma, I. M., Gerritsen, A. L., Kamphorst, D. A., & Kistenkas, F. H. (2015). Policy instruments and modes of 
governance in environmental policies of the European Union. Statutory Research Tasks Unit for Nature & the 

Environment (WOT Natuur & Milieu), WOt-technical report 60, 42. 

Boye Petersen, A. (2017). Handbook Experiences from other urban waste heat recovery investments. ReUseHeat. WP 6 Task 6.1 

Deliverable D6.1. Retrieved February 28, 2020, from http://toolbox.celsiuscity.eu/images/e/e1/Handbook_-
_25_cases_of_urban_waste_heat_recovery.pdf 

Brange, L., Englund, J., & Lauenburg, P. (2016). Prosumers in district heating networks – A Swedish case study. 
Applied Energy, 164, 492–500. https://doi.org/10.1016/j.apenergy.2015.12.020 

Broberg, S., Backlund, S., Karlsson, M., & Thollander, P. (2012). Industrial excess heat deliveries to Swedish district 
heating networks: Drop it like it’s hot. Energy Policy, 51, 332–339. 
https://doi.org/10.1016/j.enpol.2012.08.031 

Broersma, S., & Fremouw, M. (2011). Heat mapping the Netherlands: Laying the foundations for energy-based 
planning. Proceedings: 2011 Helsinki World Sustainable Building Conference: October 18 - 21, 2011. World Sustainable 
Building Conference, Helsinki. 

Brueckner, S., Liu, S., Miró, L., Radspieler, M., Cabeza, L. F., & Lävemann, E. (2015). Industrial waste heat recovery 
technologies: An economic analysis of heat transformation technologies. Applied Energy, 151, 157–167. 
https://doi.org/10.1016/j.apenergy.2015.01.147 



Romy Kölmel, IIIEE, Lund University 

62 

Brueckner, S., Miró, L., Cabeza, L. F., Pehnt, M., & Laevemann, E. (2014). Methods to estimate the industrial waste 
heat potential of regions – A categorization and literature review. Renewable and Sustainable Energy Reviews, 38, 
164–171. https://doi.org/10.1016/j.rser.2014.04.078 

Bulkeley, H. (2010). Cities and the Governing of Climate Change. Annual Review of Environment and Resources, 35(1), 
229–253. https://doi.org/10.1146/annurev-environ-072809-101747 

Bulkeley, H., & Kern, K. (2006). Local Government and the Governing of Climate Change in Germany and the UK. 
Urban Studies, 43(12), 2237–2259. https://doi.org/10.1080/00420980600936491 

C40 Cities (2020). About C40. Retrieved May 7, 2020, from C40 Cities webiste: https://www.c40.org/about 

Cambridge English Dictionary (2020). WASTE. Meaning in the Cambridge English Dictionary. Retrieved May 15, 2020 
from Cambridge Dictionary website:  https://dictionary.cambridge.org/dictionary/english/waste 

CE-HEAT (2019a). Investment decision support. Retrieved February 19, 2020, from Waste Heat website: 
https://www.waste-heat.eu/waste-heat-toolbox/investment-decision-support 

CE-HEAT (2019b). WH Toolbox. Retrieved February 19, 2020, from Waste Heat website: https://www.waste-
heat.eu/waste-heat-toolbox 

Celsius (2020a). About the CELSIUS Project. Retrieved February 19, 2020, from Celsius Initiative website: 
https://celsiuscity.eu/about-us/celsius-project/ 

Celsius (2020b). Demonstrators. Retrieved February 19, 2020, from Celsius Initiative website:  
https://project.celsiuscity.eu/demonstrator/ 

Celsius (2020c). Technical Solutions. Retrieved February 19, 2020, from Celsius Initiative website:  
https://celsiuscity.eu/toolbox/technical-solutions/ 

Celsius (2020d, January 16). District heating in Castelnuovo del Garda, Italy. Retrieved February 19, 2020, from Celsius 
Initiative website: https://celsiuscity.eu/district-heating-in-castelnuovo-del-garda-italy/ 

Celsius (2020e, February 12). Waste heat recovery from sewage water in Cologne, Germany. Retrieved February 19, 2020, from 
Celsius Initiative website: https://celsiuscity.eu/waste-heat-recovery-from-sewage-water-in-cologne-
germany/ 

Celsius (2020f, February 13). Heat recovery from the London Underground in Islington, United Kingdom. Retrieved February 
19, 2020, from Celsius Initiative website: https://celsiuscity.eu/heat-recovery-from-the-london-underground-
in-islington-united-kingdom/ 

Chertow, M. R. (2000). INDUSTRIAL SYMBIOSIS: Literature and Taxonomy. Annual Review of Energy and the 

Environment, 25(1), 313–337. https://doi.org/10.1146/annurev.energy.25.1.313 

City of Amsterdam (2020). New Amsterdam Climate. Roadmap Amsterdam Climate Neutral 2050 (p. 47). Retrieved 
February 28, 2020, from 
https://assets.amsterdam.nl/publish/pages/938968/roadmap_amsterdam_climate_neutral_2050.pdf 

City of Frankfurt (2019). Building blocks for Climate Protection. Frankfurt am Main 2017—2018 (p. 56). 

City of Gothenburg (2014). Climate Programme for Gothenburg. Retrieved February 19, 2020, from 
https://goteborg.se/wps/wcm/connect/7ba2b573-9216-4bb9-8a1f-
0915b40ce4b5/Climate+program+för+Gothenburg.pdf?MOD=AJPERES 



Keeping the (Waste) Heat in the City 

63 

City of Gothenburg (2019). Kommunen i siffror. Retrieved May 15, 2020 from Göteborgs Stad webiste: 
https://goteborg.se/wps/portal?uri=gbglnk%3a2018810163034755 

City of Paris (2018). Paris Climate Action Plan. Retrieved May 15, 2020 from  
https://api-site-cdn.paris.fr/images/101081 

City of Turku (n.d.). New Skanssi Neighbourhood. Area. Retrieved 2 May 2020, from http://www.turku.fi/en/new-
skanssi-neighborhood/area 

City of Turku (2019a). Statistical data about Turku 2019. Turku.Fi. https://www.turku.fi/en/statistical-data-about-
turku-2019 

City of Turku (2019b). Climate actions. Turku.Fi. https://www.turku.fi/en/carbon-neutral-turku/climate-actions 

Coase, R. (1937). The Nature of the Firm. Economica, 4(16), 386–405. 

COOL DH (2019). Demo sites and innovations. Retrieved February 19, 2020, from COOL DH website: 
http://www.cooldh.eu/demo-sites-and-innovations-in-cool-dh/ 

Corfee-Morlot, J., Kamal-Chaoui, L., Donovan, M. G., Cochran, I., Robert, A., & Teasdale, P. J. (2009). Cities, 

Climate Change and Multilevel Governance. OECD, 126. 

CSB (2019). StatLine—Population dynamics; birth, death and migration per region. Retrieved May 15, 2020 from 
https://opendata.cbs.nl/statline/#/CBS/en/dataset/37259eng/table?ts=1588421196770 

CSE (2020). London Heat Map. Retrieved February 19, 2020, from Mayor of London website: 
https://maps.london.gov.uk/heatmap 

Dalkia (2018). Harnessing energy from a PSA foundry to heat the town of Charleville-Mézières. Retrieved February 28, 2020, 
from Dalkia website: http://www.dalkia.fr/en/references/energy-heat-foundry 

David, P. A. (1988). Path-dependence: Putting the past in the future of economics. Stanford University. 

De Bruijn, H., & Dicke, W. (2006). Strategies for Safeguarding Public Values in Liberalized Utility Sectors. Public 

Administration, 84(3), 717–735. https://doi.org/10.1111/j.1467-9299.2006.00609.x 

Ebrahimi, K., Jones, G. F., & Fleischer, A. S. (2014). A review of data center cooling technology, operating 
conditions and the corresponding low-grade waste heat recovery opportunities. Renewable and Sustainable 

Energy Reviews, 31, 622–638. https://doi.org/10.1016/j.rser.2013.12.007 

Eneco (2019, September 9). Sustainable heat for The Hague and greenhouse horticulture region one step closer 
[Press Release]. Retrieved May 7, 2020, from https://news.eneco.com/sustainable-heat-for-the-hague-and-
greenhouse-horticulture-region-one-step-closer/ 

EEA - European Environment Agency (2019). The European environment: State and outlook 2020 : knowledge for 
transition to a sustainable Europe. Retrieved May 15, 2020, from 
https://www.eea.europa.eu/publications/soer-2020/at_download/file 

Field, C.B., V.R. Barros, K.J. Mach, M.D. Mastrandrea, M. van Aalst, W.N. Adger, D.J., …G.W. Yohe (2014). 
Technical summary. In: ClimateChange 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and 
Sectoral Aspects. Contribution of WorkingGroup II to the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change. 



Romy Kölmel, IIIEE, Lund University 

64 

Frederickson, H. G., Smith, K. B., Larimer, C., Licari, M. J., Smith, K. B., Larimer, C., & Licari, M. J. (2018). The 

Public Administration Theory Primer. Routledge. https://doi.org/10.4324/9780429494369 

Frederiksen, S., & Werner, S. (2013). District Heating and Cooling. Studentlitteratur AB. 

Gemeente Rotterdam (2018). Rotterdam Resilience Strategy. Retrieved May 7, 2020 from https://s3.eu-central-
1.amazonaws.com/storage.resilientrotterdam.nl/uploads/2016/05/09115601/ResilienceBoekIntegraal_comp
leet_ENG_Onlinecompressed.pdf 

Goldstick, R., & Thumann, A. (1986). Principles of waste heat recovery. https://www.osti.gov/biblio/5912175 

Göteborg Energi (2009). Göteborg Energi’s district energy system. Application for Global District Energy Climate Awards 
2009. Retrieved February 9, 2020, from https://grist.files.wordpress.com/2010/09/gothenburg,_sweden_i-
district_energy_climate_award.pdf 

Göteborg Energi (2018). Års- och hållbarhetsredovisning 2017 [Annual report]. Retrieved February 9, 2020 from 
https://www.goteborgenergi.se/Files/Webb20/Kategoriserad%20information/Informationsmaterial/%C3%
85rsredovisningar/2017/G%C3%B6teborg%20Energi%20%C3%85rs-
%20och%20h%C3%A5llbarhetsredovisning%202017.pdf?TS=636606735079736432 

Göteborg Energi (2020). Klimatneutral och driftsäker fjärrvärme. Retrieved May 15, 2020 from Göteborg Energi website:  
https://www.goteborgenergi.se/i-var-stad/artikelbank/klimatneutral-och-driftsaker-fjarrvarme 

Goumba, A., Chiche, S., Guo, X., Colombert, M., & Bonneau, P. (2017). Recov’Heat: An estimation tool of urban waste 

heat recovery potential in sustainable cities. https://doi.org/10.1063/1.4976257 

Greater London Authority (2018). London Environment Strategy. Chapter 6: Climate change mitigation and energy. (pp. 
200–273). Retrieved May 7, 2020 from  
https://www.london.gov.uk/sites/default/files/london_environment_strategy_0.pdf 

GreenByte. (2020). Case studies. Retrieved February 19, 2020, from GreenByte website: 
https://www.greenbyte.no/case-studies/ 

Grönkvist, S., & Sandberg, P. (2006). Driving forces and obstacles with regard to co-operation between municipal 
energy companies and process industries in Sweden. Energy Policy, 34(13), 1508–1519. 
https://doi.org/10.1016/j.enpol.2004.11.001 

Grübler, A., Johansson, T. B., Mundaca, L., Nakicenovic, N., Pachauri, S., Riahi, K., Rogner, H., & Stupeit, L. 
(2012). Chapter 1. Energy primer. In The Global Energy Assessment (GEA). 

Hardin, G. (1968). The Tragedy of the Commons. 162, 7. 

Hawkey, D., & Webb, J. (2014). District energy development in liberalised markets: Situating UK heat network 
development in comparison with Dutch and Norwegian case studies. Technology Analysis & Strategic 

Management, 26(10), 1228–1241. https://doi.org/10.1080/09537325.2014.971001 

Hayek, F. A. (1944). The Road to Serfdom. University of Chicago Press. 

Hepbasli, A., Biyik, E., Ekren, O., Gunerhan, H., & Araz, M. (2014). A key review of wastewater source heat pump 
(WWSHP) systems. Energy Conversion and Management, 88, 700–722. 
https://doi.org/10.1016/j.enconman.2014.08.065 



Keeping the (Waste) Heat in the City 

65 

Héritier, A., & Schmidt, S. K. (2000). After Liberalization Public Interest Services and Employment in the Utilities. 
In F. W. Scharpf & V. A. Schmidt (Eds.), Welfare and Work in the Open Economy Volume II: Diverse Responses to 
Common Challenges in Twelve Countries (pp. 554–596). Oxford University Press. 
https://doi.org/10.1093/0199240922.003.0012 

Herriott, R. E., & Firestone, W. A. (1983). Multisite Qualitative Policy Research: Optimizing Description and 
Generalizability. Educational Researcher, 12(2), 14–19. https://doi.org/10.3102/0013189X012002014 

Hill, C. J., & Lynn, L. E. (2005). Is Hierarchical Governance in Decline? Evidence from Empirical Research. Journal 

of Public Administration Research and Theory, 15(2), 173–195. https://doi.org/10.1093/jopart/mui011 

Hodson, M., & Marvin, S. (2010). Can cities shape socio-technical transitions and how would we know if they were? 
Research Policy, 39(4), 477–485. https://doi.org/10.1016/j.respol.2010.01.020 

Hotmaps Project. (2020). Hotmaps Toolbox. Retrieved February 28, 2020, from Hotmaps website: 
https://www.hotmaps-project.eu/hotmaps-project/ 

Hufty, M. (2011). Governance: Exploring Four Approaches and Their Relevance to Research (SSRN Scholarly Paper ID 
2019013). Social Science Research Network. https://papers.ssrn.com/abstract=2019013 

Hughes, T. P. (1987). The Evolution of Large Technological Systems, 51–82. Scopus. 

ICLEI (2019a). Our pathways, our approach. Retrieved February 19, 2020, from ICLEI website: 
https://iclei.org/en/our_approach.html 

ICLEI (2019b, September). ICLEI and Turku kick-start partnership to design a blueprint for regional circularity. Retrieved 
February 19, 2020, from ICLEI website: https://iclei.org/en/media/iclei-and-turku-kick-start-partnership-to-
design-a-blueprint-for-regional-circularity 

IEA - International Energy Agency (2019a). Data & Statistics. Total primary energy supply (TPES) by source, World 1990-

2017. IEA. Retrieved May 15, 2020 from https://www.iea.org/data-and-statistics 

IEA - International Energy Agency (2019b). World Energy Outlook 2019. Executive summery. World Energy Outlook, 
11. 

IPCC - Intergovernmental Panel on Climate Change (2014). Climate Change 2014: Mitigation of Climate Change. 
Contribution of Working Group III to the Fifth Assessment Report of the Intergovernmental Panel on 
Climate Change [Edenhofer, O., R. Pichs-Madruga, Y. Sokona, E. Farahani, S. Kadner, K. Seyboth, A. Adler, 
I. Baum, S. Brunner, P. Eickemeier, B. Kriemann, J. Savolainen, S. Schlömer, C. von Stechow, T. Zwickel and 
J.C. Minx (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA. 

IRP - International Resource Panel (2018). The Weight of Cities: Resource Requirements of Future Urbanization (Swilling, M., 
Hajer, M., Baynes, T., Bergesen, J., Labbé, F., Musango, J.K., Ramaswami, A., Robinson, B., Salat, S., Suh, S., 
Currie, P., Fang, A., Hanson, A. Kruit, K., Reiner, M., Smit, S., Tabory, S. A Report by the International 
Resource Panel. United Nations Environment Programme). Retrieved May 15, 2020 from 
http://wedocs.unep.org/bitstream/handle/20.500.11822/31623/TWOC1.pdf?sequence=1&isAllowed=y 

Jänicke, M. (2017). The Multi-level System of Global Climate Governance - the Model and its Current State: The 
Multi-level System of Global Climate Governance. Environmental Policy and Governance, 27(2), 108–121. 
https://doi.org/10.1002/eet.1747 

Karner, K., Theissing, M., & Kienberger, T. (2016). Energy efficiency for industries through synergies with urban 
areas. Journal of Cleaner Production, 119, 167–177. https://doi.org/10.1016/j.jclepro.2016.02.010 



Romy Kölmel, IIIEE, Lund University 

66 

Kelly, S., & Pollitt, M. (2010). An assessment of the present and future opportunities for combined heat and power 
with district heating (CHP-DH) in the United Kingdom. Energy Policy, 38(11), 6936–6945. 
https://doi.org/10.1016/j.enpol.2010.07.010 

Kennedy, C., Pincetl, S., & Bunje, P. (2011). The study of urban metabolism and its applications to urban planning 
and design. Environmental Pollution, 159(8), 1965–1973. https://doi.org/10.1016/j.envpol.2010.10.022 

Kern, K., & Bulkeley, H. (2009). Cities, Europeanization and Multi-level Governance: Governing Climate Change 
through Transnational Municipal Networks. JCMS: Journal of Common Market Studies, 47(2), 309–332. 
https://doi.org/10.1111/j.1468-5965.2009.00806.x 

Khan, J. (2013). What role for network governance in urban low carbon transitions? Journal of Cleaner Production, 50, 
133–139. https://doi.org/10.1016/j.jclepro.2012.11.045 

Klijn, E.-H. (2012). New Public Management and Governance: A Comparison. Oxford University Press. 
https://doi.org/10.1093/oxfordhb/9780199560530.013.0014 

Koch, C., & Buser, M. (2006). Emerging metagovernance as an institutional framework for public private 
partnership networks in Denmark. International Journal of Project Management, 24(7), 548–556. 
https://doi.org/10.1016/j.ijproman.2006.07.001 

Kooiman, J. (1993). Modern Governance: New Government-Society Interactions. SAGE. 

Kooiman, J. (2003). Governing as Governance. SAGE. 

Krasatsenka, A., Connolly, D., Cornelis, E., Bush, R., & Voss, P. (2017). LOW-CARBONHEATING AND 
COOLING STRATEGIES FOR EUROPE. Final Publishable Report of the EU-funded project 
STRATEGO April 2014—November 2016. Retrieved May 15, 2020 from https://heatroadmap.eu/wp-
content/uploads/2018/12/Stratego_Final_Publishable_Report.pdf 

Kreijkes, M. (2017). Looking under the hood of the dutch energy system. Briefing Paper. (p. 35). Retrieved February 28, 2020 
from 
https://www.clingendaelenergy.com/inc/upload/files/CIEP_2017___01_Looking_under_the_hood_of_the
_dutch_energy_system.pdf 

Kvale, S., & Brinkmann, S. (2009). InterViews: Learning the Craft of Qualitative Research Interviewing. SAGE. 

Lamnek, S. (2005). Qualitative Sozialforschung. Lehrbuch Beltz PVU, Weinheim, Germany (2005) 

Lange, P., Driessen, P. P. J., Sauer, A., Bornemann, B., & Burger, P. (2013). Governing Towards Sustainability—
Conceptualizing Modes of Governance. Journal of Environmental Policy & Planning, 15(3), 403–425. 
https://doi.org/10.1080/1523908X.2013.769414 

Leduc, W. R. W. A., & Van Kann, F. M. G. (2013). Spatial planning based on urban energy harvesting toward 
productive urban regions. Journal of Cleaner Production, 39, 180–190. 
https://doi.org/10.1016/j.jclepro.2012.09.014 

Lenhart, J., van Vliet, B., & Mol, A. P. J. (2015). New roles for local authorities in a time of climate change: The 
Rotterdam Energy Approach and Planning as a case of urban symbiosis. Journal of Cleaner Production, 107, 593–
601. https://doi.org/10.1016/j.jclepro.2015.05.026 



Keeping the (Waste) Heat in the City 

67 

Loibl, W., Stollnberger, R., & Österreicher, D. (2017). Residential Heat Supply by Waste-Heat Re-Use: Sources, 
Supply Potential and Demand Coverage - A Case Study. Sustainability, 9(2), 250. 
https://doi.org/10.3390/su9020250 

Lund, H., Werner, S., Wiltshire, R., Svendsen, S., Thorsen, J. E., Hvelplund, F., & Mathiesen, B. V. (2014). 4th 
Generation District Heating (4GDH). Energy, 68, 1–11. https://doi.org/10.1016/j.energy.2014.02.089 

Lygnerud, K., & Werner, S. (2018). Risk assessment of industrial excess heat recovery in district heating systems. 
Energy, 151, 430–441. https://doi.org/10.1016/j.energy.2018.03.047 

Lygnerud, K., Wheatcroft, E., & Wynn, H. (2019). Contracts, Business Models and Barriers to Investing in Low 
Temperature District Heating Projects. Applied Sciences, 9(15), 3142. https://doi.org/10.3390/app9153142 

Lyytikäinen, L. (2020, March 18). Skanssi’s Energy Project [Presentation]. 

Meuleman, L. (2008). Public Management and the Metagovernance of Hierarchies, Networks and Markets. Physica-Verlag HD. 
https://doi.org/10.1007/978-3-7908-2054-6 

Miró, L., Brückner, S., & Cabeza, L. F. (2015). Mapping and discussing Industrial Waste Heat (IWH) potentials for 
different countries. Renewable and Sustainable Energy Reviews, 51, 847–855. 
https://doi.org/10.1016/j.rser.2015.06.035 

Moser, S., Muggenhumer, G., & Rebhandl, L. (2016). OPEN HEAT GRID. Endbericht Teil 7/8. Organisatorishce und 
rechtliche Kozepte zur Realisierung der Einspeisung industrieller Abwärme in bestehende Fernwärmenetze. Retrieved 
February 19, 2020 from http://www.energieinstitut-linz.at/v2/wp-
content/uploads/2017/03/Ergebnisbericht-Open-Heat-Grid-Teil-7.pdf 

Neugebauer, G., Kretschmer, F., Kollmann, R., Narodoslawsky, M., Ertl, T., & Stoeglehner, G. (2015). Mapping 
Thermal Energy Resource Potentials from Wastewater Treatment Plants. Sustainability, 7(10), 12988–13010. 
https://doi.org/10.3390/su71012988 

Newell, P., Pattberg, P., & Schroeder, H. (2012). Multiactor Governance and the Environment. Annual Review of 

Environment and Resources, 37(1), 365–387. https://doi.org/10.1146/annurev-environ-020911-094659 

Nils Holgersson. (2019). Fjärrvärme 2019. Retrieved May 15, 2020 from Nils Holgersson Rapporten website: 
http://nilsholgersson.nu/rapporter/rapport-2019/fjarrvarme-2019/ 

Osborne, D., & Gaebler, T. (1992). Reinventing Government. Addison-Wesley. 

Ostrom, V., & Ostrom, E. (1977). Public goods and public choices. In E. S. Savas (Ed.), Alternatives for Delivering 

Public Services: Toward Improved Performance (pp. 7–49). Westview Press. 

Pahl-Wostl, C. (2015). Governance Modes. In C. Pahl-Wostl, Water Governance in the Face of Global Change (pp. 85–98). 
Springer International Publishing. https://doi.org/10.1007/978-3-319-21855-7_5 

Pahl-Wostl, C. (2019). The role of governance modes and meta-governance in the transformation towards 
sustainable water governance. Environmental Science & Policy, 91, 6–16. 
https://doi.org/10.1016/j.envsci.2018.10.008 

Päivärinne, S., Hjelm, O., & Gustafsson, S. (2015). Excess heat supply collaborations within the district heating 
sector: Drivers and barriers. Journal of Renewable and Sustainable Energy, 7(3), 033117. 
https://doi.org/10.1063/1.4921759 



Romy Kölmel, IIIEE, Lund University 

68 

Palm, J. (2006). Development of sustainable energy systems in Swedish municipalities: A matter of path dependency 
and power relations. Local Environment, 11(4), 445–457. https://doi.org/10.1080/13549830600785613 

Palm, J. (2007). District Heating as a Secure Heat Supply - A Question of Regulation. Energy & Environment, 18(6), 
747–760. https://doi.org/10.1260/095830507782088668 

Papapetrou, M., Kosmadakis, G., Cipollina, A., La Commare, U., & Micale, G. (2018). Industrial waste heat: 
Estimation of the technically available resource in the EU per industrial sector, temperature level and country. 
Applied Thermal Engineering, 138, 207–216. https://doi.org/10.1016/j.applthermaleng.2018.04.043 

Parag, Y., & Sovacool, B. K. (2016). Electricity market design for the prosumer era. Nature Energy, 1(4), 1–6. 
https://doi.org/10.1038/nenergy.2016.32 

Pehnt, M., Bödeker, J., Arens, M., Prof. Dr. Jochem, E., & Idrissova, F. (2010). Die Nutzung industrieller Abwärme – 
technisch-wirtschaftliche Potenziale und energiepolitische Umsetzung (Bericht Im Rahmen Des 
Vorhabens„Wissenschaftliche Begleitforschung Zu Übergreifenden Technischen, Ökologischen, 
Ökonomischen Und Strategischen Aspekten Des Nationalen Teils Der Klimaschutzinitiative“). Retrieved 
February 19, 2020 from http://www.jaske-wolf.de/pdfs/2010%20-
%20Nutzung_industrieller_Abwaerme.pdf 

Persson, U. (2015). Quantifying the Excess Heat Available for District Heating in Europe. Project No: IEE/13/650. Heat 
Roadmap Europe. Background Report 7. 

Persson, U., & Averfalk, H. (2018). Accessible Urban Waste Heat (p. 116). Retrieved February 19, 2020 from 
https://www.reuseheat.eu/wp-content/uploads/2019/02/D1.4-Accessible-urban-waste-heat.pdf 

Persson, U., & Werner, S. (2015). Quantifying the Heating and Cooling Demand in Europe (STRATEGO Work Package 2). 
Retrieved February 19, 2020 from https://heatroadmap.eu/wp-content/uploads/2018/09/STRATEGO-
WP2-Background-Report-4-Heat-Cold-Demands.pdf 

PLANHEAT (2019). The PLANHEAT tool. Retrieved February 28, 2020 from Planheat website: 
http://planheat.eu/the-planheat-tool 

Platform31 (n.d.). Kennisdossier: Aardgasvrije wijken. Retrieved 2 May 2020, from https://www.platform31.nl/wat-we-
doen/kennisdossiers/kennisdossier-aardgasvrije-wijken 

Pollitt, C. (2001). Clarifying Governance. Striking similarities and durable differences in public management reform. 
Public Management Review, 3(4), 471–492. https://doi.org/10.1080/14616670110071847 

Prytula, M. (2011). Ein integrales Energie- und Stoffstrommodell als Grundlage zur Bewertung einer nachhaltigen Entwicklung 

urbaner Systeme. Universal TU Berlin. 

Rao, L., Chittum, A., King, M., & Yoon, T. (2017). Governance Models and Strategic Decision-Making Processes for Deploying 

Thermal Grids. 136. 

ReUseHeat (2017a). Brunswick. Retrieved February 28, 2020 from ReUseHeat website: 
https://www.reuseheat.eu/brunswick/ 

ReUseHeat (2017b). Demo Sites Archives. Retrieved February 28, 2020 from ReUseHeat website: 
https://www.reuseheat.eu/category/demo-sites/ 

ReUseHeat (2017c). Project Brief. Retrieved February 28, 2020 from ReUseHeat website: 
https://www.reuseheat.eu/project-brief/ 



Keeping the (Waste) Heat in the City 

69 

ReUseHeat (2019a). Market and stakeholder analysis. D.2.1. Retrieved February 28, 2020 from 
https://www.reuseheat.eu/wp-content/uploads/2019/03/D2.1-Market-and-stakeholder-analysis.pdf 

ReUseHeat (2019b, September 9). Berlin. Retrieved February 28, 2020 from ReUseHeat website: 
https://www.reuseheat.eu/berlin/ 

Revesz, A., Chaer, I., Thompson, J., Mavroulidou, M., Gunn, M., & Maidment, G. (2016). Ground source heat 
pumps and their interactions with underground railway tunnels in an urban environment: A review. Applied 

Thermal Engineering, 93, 147–154. https://doi.org/10.1016/j.applthermaleng.2015.09.011 

Rhodes, R. A. W. (1997). Understanding Governance: Policy Networks, Governance, Reflexivity and Accountability. Open 
University Press. 

Schreier, M. (2012). Qualitative content analysis in practice. Sage publications. 

SCIS - Smartcities Information System (2020). CELSIUS Site Rotterdam. Retrieved May 7, 2020 from Smartcities 
Information System website:  https://smartcities-infosystem.eu/scis-projects/demo-sites/celsius-site-
rotterdam 

Swedish Code of Statutes [SFS] 1997:439, Lag om kommunal energiplanering (1977). 

Sitra (2019). District heating from data centre waste heat, Mäntsälä. Retrieved February 28, 2020 from Sitra website: 
https://www.sitra.fi/en/cases/district-heating-from-data-centre-waste-heat-mantsala/ 

Smedby, N., & Quitzau, M.-B. (2016). Municipal Governance and Sustainability: The Role of Local Governments in 
Promoting Transitions: Municipal Governance and Sustainability. Environmental Policy and Governance, 26(5), 
323–336. https://doi.org/10.1002/eet.1708 

Sørensen, E., & Torfing, J. (2009). Making Governance Networks Effective and Democratic Through 
Metagovernance. Public Administration, 87(2), 234–258. https://doi.org/10.1111/j.1467-9299.2009.01753.x 

Stephenson, P. (2013). Twenty years of multi-level governance: ‘Where Does It Come From? What Is It? Where Is It 
Going?’ Journal of European Public Policy, 20(6), 817–837. https://doi.org/10.1080/13501763.2013.781818 

Stoker, G. (1998). Governance as theory: Five propositions. International Social Science Journal, 50(155), 17–28. 
https://doi.org/10.1111/1468-2451.00106 

THERMOS (2019, December 16). THERMOS tool. Retrieved February 28, 2020 from THERMOS website:  
https://www.thermos-project.eu/resources/thermos-tool/ 

THERMOS (2020, March 19). Pilot cities. Retrieved February 28, 2020 from THERMOS website: 
https://www.thermos-project.eu/cities/pilot-cities/ 

Thompson, G. (1991). Markets, hierarchies and networks: The coordination of social life. Sage. 

Thompson, G. F. (2003). Between Hierarchies and Markets. Oxford University Press. 
https://doi.org/10.1093/acprof:oso/9780198775270.001.0001 

Tillie, N. (2018). Synergetic urban landscape planning in Rotterdam: Liveable low-carbon cities [Doctoral Thesis, Delft 
University of Technology]. https://journals.open.tudelft.nl/index.php/abe/issue/view/623 



Romy Kölmel, IIIEE, Lund University 

70 

Tillie, N., Van Den Dobbelsteen, A., Doepel, D., Joubert, M., De Jager, W., & Mayenburg, D. (2009). Towards CO 2 
Neutral Urban Planning: Presenting the Rotterdam Energy Approach and Planning (REAP). Journal of Green 

Building, 4(3), 103–112. https://doi.org/10.3992/jgb.4.3.103 

Treib, O., Bähr, H., & Falkner, G. (2007). Modes of governance: Towards a conceptual clarification. Journal of 

European Public Policy, 14(1), 1–20. https://doi.org/10.1080/135017606061071406 

TSE  (n.d.). Lämpöä koteihin ja voimaa teollisuudelle. Turun Seudun Energiatuotanto. Retrieved 2 May 2020, from 
https://www.tset.fi/ 

Turku City Council (2018, June 11). Turku Climate Plan 2029. The City of Turku Sustainable Energy and Climate Action 
Plan 2029. Retrieved 2 May 2020, from 
https://www.turku.fi/sites/default/files/atoms/files//turku_climate_plan_2029.pdf 

Turku Energia (2020). Turku Energian kaukolämmön alkuperä ja ympäristövaikutukset. Turku Energia. Retrieved 2 May 
2020, from https://www.turkuenergia.fi/kaukolampo-ja-jaahdytys/kaukolampo-kestavin-
valinta/kaukolammon-alkupera-ja-ymparistovaikutukset/ 

UNEP - United Nations Environment Program (2015). District Energy in Cities. Unlocking the Potential of Energy Efficiency 

and Renewable Energy. Retrieved February 5, 2020 from 
https://www.uncclearn.org/sites/default/files/inventory/unep04032015_1.pdf 

UNEP - United Nations Environment Program (2017). Study on district energy in cities to support Korea’s Eco Energy Towns 
approach. Retrieved February 5, 2020 from  
http://www.districtenergyinitiative.org/sites/default/files/publications/eco-energy-towns-reportwaste-
heating-and-cooling-27022018833.pdf  

Uniper (2020). Our power plants in the Netherlands. Retrieved April 15, 2020 from Uniper website: 
https://www.uniper.energy/power-generation/countries/netherlands 

UN - United Nations (1992). Agenda 21, United Nations Conference of Environment and Development, Rio de Janeiro, Brazil, 3-

14 June 1992.  

van Berkel, R., Fujita, T., Hashimoto, S., & Geng, Y. (2009). Industrial and urban symbiosis in Japan: Analysis of the 
Eco-Town program 1997–2006. Journal of Environmental Management, 90(3), 1544–1556. 
https://doi.org/10.1016/j.jenvman.2008.11.010 

van Buuren, A., & Eshuis, J. (2010). Knowledge governance: Complementing hierarchies, networks and markets? In 
R. J. in ’t Veld (Ed.), Knowledge Democracy: Consequences for Science, Politics, and Media (pp. 283–297). 
Springer. https://doi.org/10.1007/978-3-642-11381-9_19 

van den Dobbelsteen, A., Roggema, R., Tillie, N., Broersma, S., Fremouw, M., & Martin, C. L. (2018). Urban Energy 
Masterplanning - Approaches, Strategies, and Methods for the Energy Transition in Cities. In: Urban Energy 

Transition (pp. 635–660). Elsevier. https://doi.org/10.1016/B978-0-08-102074-6.00045-0 

van Gestel, N., Koppenjan, J., Schrijver, I., van de Ven, A., & Veeneman, W. (2008). Managing Public Values in 
Public-Private Networks: A Comparative Study of Innovative Public Infrastructure Projects. Public Money and 

Management, 28(3), 139–145. https://doi.org/10.1111/j.1467-9302.2008.00635.x 

Warmtebedrijf Rotterdam (2018). Restwarmte Shell Pernis. Retrieved April 2, 2020 from Warmtebedrijf Rotterdam 
webiste: http://www.warmtebedrijfrotterdam.nl/restwarmte-shell-pernis/ 



Keeping the (Waste) Heat in the City 

71 

Warmtebedrijf Rotterdam. (2020). Warmtetransport Netwerk. Retrieved April 2, 2020 from Warmtebedrijf Rotterdam 
webiste: http://www.warmtebedrijfrotterdam.nl/warmtetransportnetwerk/ 

Waste Heat (2019a). Manner wafers factory. Retrieved February 28, 2020 from Waste Heat website:  
https://www.waste-heat.eu/waste-heat-toolbox/best-practice/austria/manner-wafers-factory 

Waste Heat. (2019b). Steel company waste heat for a district heating in Ravne. Retrieved February 28, 2020 from Waste Heat 
website: https://www.waste-heat.eu/waste-heat-toolbox/best-practice/slovenia/steel-company-waste-heat-
for-a-district-heating-in-ravne 

Werner, S. (2017). International review of district heating and cooling. Energy, 137, 617–631. 
https://doi.org/10.1016/j.energy.2017.04.045 

Wheatcroft, E., Wynn, H., Lygnerud, K., & Bonvicini, G. (2019). The role of low temperature waste heat recovery in achieving 

2050 goals: A policy positioning paper. ArXiv:1912.06558 [Econ, q-Fin]. http://arxiv.org/abs/1912.06558 

Williamson, O. E. (1985). The Economic Institutions of Capitalism: Firms, markets, relational Contracting. Free Press. 

Wolman, A. (1965). The Metabolism of Cities. Scientific American, 213(3), 178–193. JSTOR. 

Yin, R. K. (2014). Case Study Research: Design and Methods. SAGE. 

Zeman, J., & Werner, S. (2004). District heating system ownership guide. Technical Report. Retrieved February 19, 2020 
from http://www.euroheat.org/workgroup4/KN1507%20Owners.ip%20Management.pdf 

 

 

 



Romy Kölmel, IIIEE, Lund University 

72 

Appendix  
 

1. Data Collection. Interviews 

Appendix 1 presents details of data collection, specifically details of the interviews conducted  

City Code Role and Organization Interview Date Channel 

Gothenburg 

 I 1 
Strategic Business Developer, 
Göteborg Energi 

February 28th 
2020 

Telephone 

I 2 
Development Engineer,  
Göteborg Energi 

February 28th 
2020 

Skype 

I 3 
Environmental Investigator,  
City of Gothenburg 

March 3rd 2020 Telephone 

 

Turku 
I 4 

Project Manager Heat,  
Turku Energia 

March 18th 2020 Skype 

I 5 
Product Manager Heat,  
Turku Energia 

March 9th 2020 Telephone 

I 6 
CEO, Turun Seudun 
Energiantuotanto Oy (TSE) 

March 12th 2020 Telephone 

I 7 
Senior Advisor Energy,  
City of Turku 

March 25th 2020 Skype 

I 8 
Project Manager Urban Planning, 
City of Turku 

March 27th 2020 Telephone 

 

Rotterdam 
I 9 

Researcher, investigating REAP 
Rotterdam 

March 13th 2020 Skype 

I 10 
Researcher, co-developing REAP 
Rotterdam 

March 13th 2020 Skype 

I 11 
Program Manager, Urban 
Development, City of Rotterdam 

March 19th 2020 Telephone 

I 12 
Politician, Social-Democrats, City 
Council Rotterdam  

March 24th 2020 Telephone 

 
Lund 

I 13 
Project Leader,  
Kraftringen 

March 27th 2020 Telephone 

I 14 
Project Manager Brunnshög, Lund 
Municipality 

March 7th 2020 Written 
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2. Data Analysis. Coding Structure 

Appendix 2 presents details of data analysis, specifically codes used in the Thematic Analysis 

- Motivation/driver 

- Activities by the local government 
o Interaction with other public actors  
o Interaction with private actors 

 Hierarchical Planning and Regulation  
 Market Facilitation 
 Market Provision and Promotion 
 Network Facilitation  
 Network Coordination and Advocacy  
 Network Awareness Raising and Outreach 

- Governance instruments 
 Hierarchical Planning and Regulation  
 Market Facilitation 
 Network Facilitation  
 Market Provision and Promotion 
 Network Coordination and Advocacy  
 Network Awareness Raising and Outreach 

- Barriers to WHR 
o Technical barriers  
o Knowledge barriers  
o Cognitive barriers  
o Financial or Business related barriers  
o Market related barriers 
o Legal barriers  
o Institutional barriers 

- Enabler for WHR 

- Local context, WHR related 
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3. Case Cities. Background Information 

Appendix 3 presents WHR-related background information to the three case cities Gothenburg, Turku and 
Rotterdam 

 

 

  

Gothenburg References 

Population 570.000 City of Gothenburg (2019) 

DH 
system  

- Production capacity of 1.800 MW or 3.500-5.000 
GWh/year 

- DH introduced in 1953, today 90% of all heating  
- DC since mid-1990s  
- Owned and operated by municipal energy company 

Göteborg Energi (monopoly) 

Göteborg Energi (2020), 
Göteborg Energi (2009) 
I 1 

DH 
sources 

- CHP  
- Waste to energy 
- WHR from two oil refineries (30 %)  
- Several small biofuel, natural gas and oil boiler 
- WHR from sewage water 

Göteborg Energi (2020), 
Göteborg Energi (2018)  

WHR 
projects 

- WHR from St1, former Shell, refinery, since 1980  
- WHR from Preem refinery, since 1998 
- WHR from sewage water, since 1983/1985  

o 4 heat pumps, total heating capacity of 160MW 
o Temporary operation when electricity prices are 

competitive compared to alternative production 
in 2019 this were 3 000h (125 days), little over 
300 GWh/year 

o At waste water treatment plant: water arrives at 
12°C and gets cooled to 3°C 

Göteborg Energi (2009) 
I 1, I 2 

Driver  - In 1970ies: oil crises 
- Then: Air quality 
- Since 1990ies: national carbon tax  
- Today: climate neutrality goals of the city (City of 

Gothenburg, 2014) 
o by 2030, DH 100% RE, waste incineration and 

industrial WHR  

Göteborg Energi (2009) 
I 1, I 2 

Additional 

activities 
- Gothenburg has been initiator and coordinator of the 

CELSIUS project, funded by the EU  
(Celsius, 2020a) 
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Turku References 

Population 190.000 City of Turku (2019a) 
DH 
system  

- Introduced in 1976 
- 2.000 GWh DH annually 
- 90 % of the buildings  
- Owned and operated by municipal energy company Turku 

Energia (monopoly) 
- Electricity production in the region: energy company Turun 

Seudun Energiantuotanto Oy (TSE) 

Turku Energia (2020) 
Lyytikäinen (2020) 
I 4 

DH 
sources 

- CHP Naatali, since 1960 
o Two older coal fueled boiler (soon to shut down) 
o Biofuel boiler (built in 2018)  

- Two smaller plants, a 40 MW, one biomass and one pellets 
- Heat pumps at the wastewater treatment plant in Kakola, 

since 2009 
- Fuel mix 2019: 50% from biomass, 10% heat pumps, 1,8 % 

recovered heat, appr. 35% fossil fuels 

Turku Energia (2020) 
TSE (n.d.) 

WHR 
projects 

- WHR from sewage water, since 2009  
o Owned by the TSE, but operated by Turku Energia 
o 160 GWh/ year DH (15.000 households) 
o 30 GWh / year (90 %) DC 

- Pilot project two-way LTDH (65 ºC) in city development 
district Skanssi 

o Residential use, appr. 8 000 inhabitants until 2030  
- Currently assessed: WHR from Neste refinery in Naatali 

o  Potential of 150 MW 

City of Turku (2019) 
City of Turku (n.d.) 

Driver  - Carbon neutral city by 2029 (800th birthday of the city)  
- Heating sector with 39% emission largest CO2 emitter  

o Goal to increase share for RE in DH to 70 % by the 
end of 2020; phase out coal by 2022 

Turku City Council 
(2018) 
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Rotterdam References 

Population 640.000 CSB (2019) 
DH 
system  

- Thermal capacity of 105 MW; 417 GWh/annually  
o Heat demand of around 50,000 households 

- Supply temperature between 120 and 90°C  
- Network in the North of the city owned and operated by Eneco 

(private); in the South of the city by Nuon (private) 
- In 2010 city founded party city owned company Warmtebedrijf 

Rotterdam to develop a 26 km heat transmission connection 
between Rotterdam’s waste incinerator in Rozenburg (harbor 
area) and the networks owned by Eneco and Nuon (investment 
of €38 million) (UNEP, 2015, p. 74) 

- Transmission pipe from harbor to city owned and operated by 
Warmtebedrijf, since 2013  

Warmtebedrijf 
Rotterdam (2020) 

DH 
sources 

- Warmtebedrijf: waste to energy  
-  Eneco and Nucon additionally use other energy sources 
-  e.g. Uniper operates coal and natural gas CHP in Rotterdam and 

provides DH to Eneco  

Kreijkes (2017), 
Uniper (2020) 

WHR 
projects 

- High energy potential in harbor area of Rotterdam - many large 
energy consumers and producers:  

o 9 gas fired power plants 
o 3 coal and biomass co-combustion, 
o 1 biomass  
o one waste incinerator 
o 5 oil refineries 
o 42 chemical sites 

- Could supply city twice as big as Rotterdam with sufficient 
waste heat (Warmtebedrijf Rotterdam, 2018) 

- Rotterdam collaborates in an alliance amongst others with 
private energy Eneco to expand network to The Hague and 
Westland horticulture region. This will be built with financial 
support by the national government (Eneco, 2019) 

- WHR from Shell refinery, since 2018 
o DH to 16 000 households  
o Shell installed WHR technology, Havenbedrijf Rotterdam is 

responsible for delivering heat to Warmtebedrijf Rotterdam 
that delivers it to local distributors 

Kreijkes (2017), 
Warmtebedrijf 
Rotterdam (2018), 

Eneco (2019) 

Driver  - Rotterdam emits between 16 and 25% of Dutch GHG 
emissions, mostly from the port  

- Goal to halve GHG emissions by 2025 compared to 1990 levels  
- Goal to phase out natural gas until 2050 

o Ambition by the national government, by 2021 
municipalities need to indicate how they will research 
this goal with vision and implementation plans  

- Resilience Strategy: development of a clean energy road map 
considering waste heat above other sources  

- Tradition in progressive climate adaptation and mitigation 
politics; geographical location on the Rhine-Meuse-Schelde 
river delta, which makes vulnerability to sea level rise visible  

o Took part in the Celsius project as a demonstrator city  

Gemeente 
Rotterdam (2018) 

I 10 

 

 

Celsius Initiative 
(n.d.a) 
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4. WHR supportive governance instruments 

Appendix 4 presents results of the preparatory research step, answering RQ1: examples for WHR supportive 
governance instruments identified in theory and practice 

Governance 
Instruments 

Description 
Example  

City Source 

Hierarchical Planning and Regulation  

Objectives, 
targets, 
strategies 

Until 2050 – 100% RE and recovered energy 
(20% generated locally)  

Strategy includes:  

- Intensify energy recovery and exploitation 
- Advocating for WHR (laundries, data 

centers, bakeries) 

Paris, France City of Paris 
(2018) 

Until 2030 – 100 % RE and recovered energy in 

DH 

Until 2030 – primary energy use for electricity and 
heat ≤ 31 MWh/inhabitant 

Gothenburg, 
Sweden 

City of 
Gothenburg 
(2014) 

Until 2050 – all buildings carbon neutral 
Until 2030 – all districts natural-gas free 

Strategy includes:  

- District-by-district approach  
- Fuel switch to higher use of waste heat 

- Looking to capture waste heat from data 

centers 

- expand DH network to cover 50-60 % or 
the houses 

Amsterdam, 
Netherlands 

City of 
Amsterdam, 
(2020) 

Until 2050 – Carbon neutral city 

Strategy includes:  

- Utilize local and RE, like solar and waste 

heat 
- Heat mapping and energy masterplans at 

district level, including low-temperature 
waste heat sources. 

London, UK Greater 
London 
Authority 
(2018) 

Until 2050 – lower GHG emissions 95 % 
(compared to 1990) 

Strategy includes:  

- Waste Heat Registry 

Frankfurt, 
Germany 

City of 
Frankfurt 
(2019) 

DH planning 
policy 

Mandatory assessment of DE opportunities in 
land-use planning 

Tokyo, Japan (UNEP, 2015) 

DH 
connection 
policy 

Obligatory DE connection for non-domestic 
buildings (hotels, shopping centers, government 
offices, the planned multi-purpose stadium) in the 
Kai Tak area 

Hong Kong, 
China 

(UNEP, 2015) 
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 DH connection (not purchase) as requirement for 
new buildings  

Rotterdam, 
Netherlands 

(UNEP, 2015) 

Obligatory 
WHR 

Obligation to recover waste heat when generated Theory (UNEP, 2015; 
Wheatcroft et 
al., 2019). 

 

 

Governance 
Instruments 

Description 
Example  

City Source 

Market Facilitation  

Financing/ 
fiscal incentives 
 

Low interest loans for DH 
expansion 

Paris, France (UNEP, 2017) 

Tax-free zone for pilot projects Amsterdam, 
Netherlands  

(UNEP, 2015) 

Tax breaks and investment 
subsidies for WHR infrastructures 

Theory (Wheatcroft et al., 
2019) 

Tax breaks for waste heat feed-ins  Theory (Pehnt et al., 2011) 

City assets 
 

Transmission line for WHR Ashan, China  (UNEP, 2015) 

Heat storage Rotterdam, 
Netherlands 

(SCIS, 2020). 

Market Provision and Promotion 

Consumer  
for DH 

In public facilities, like schools or 
hospitals 

Theory (UNEP 2015) 

Self-governance public procurement of recovered 
energy 

Theory (UNEP 2015) 

Network Facilitation  

Pilot projects 
 

Sewage water 
 

Tokyo, Japan  (UNEP, 2015) 

Seattle, USA  (UNEP, 2015) 

Vancouver, Canada  (UNEP, 2015) 

Oslo, Norway  (UNEP, 2015) 

Cologne, Germany  (Celsius, 2020e) 

Gothenburg, Sweden  (Boye Petersen, 2017) 

Data Centre  
  

Mäntsälä, Finland (Sitra, 2019) 

Brunswick, Germany (ReUseHeat, 2017a) 

Bergen, Norway (GreenByte, 2020) 

Metro  
 

Islington (London), UK (Celsius, 2020f) 

Berlin, Germany (ReUseHeat, 2019b) 

Industry Liquid gas Castelnuovo del Garda, 
Italy 

(Celsius, 2020d) 

Steel  Ravne, Slovenia (Waste Heat, 2019b)  

Automotive Charleville-Mézières, 
France  

(Dalkia, 2018) 

Food Vienna, Austria  (Waste Heat, 2019a) 
LTDH several waste heat sources Brunnshög Lund, 

Sweden 
(COOL DH, 2019) 

Høje-Taastrup, Denma  (COOL DH, 2019) 
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Network Coordination and Advocacy  

Heat mapping Open source map Amsterdam, 
Netherlands 

(Amsterdam Smart 
City, 2019) 

Open source map , interactive, 
including existing and proposed 
heat networks, potential heat 
supply sites  

London, UK (CSE, 2020) 

Scientific Study Vienna, Austria (Loibl et al., 2017) 

Scientific Study Rotterdam, 
Netherlands 

(Broersma & 
Fremouw, 2011) 

Waste Heat 
Register 

Cadaster for waste heat from waste 
water, industry, commerce and 
large data-centers 

Frankfurt a. M., 
Germany 

City of Frankfurt, 
2019) 

Facilitation 
Cooperation 

 

Initiate and coordinate cross-
sectoral planning, dialogue and 
learning 

Rotterdam, 
Netherlands 

(Lenhart et al., 2015) 

Coordinate energy exchange 
between industries  

Granollers, Spain (THERMOS, 2020) 

Network Awareness Raising and Outreach 

Research 
projects 

Initiate or participate in WHR 
related research projects 

Gothenburg, Sweden (Celsius, 2020a) 

On upper 
governance 
levels  

Communicate and lobby for WHR 
with upper (national or 
supranational) governance levels 

Theory (UNEP 2015) 
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5. Interview Guide  

Appendix 5 presents details of data collection, specifically the interview guide used in semi-structured interviews 

 

Introduction: 

1. Interviewee’s role and time in the organization 

2. Connection to WHR project 

 

Part 1: 

3. Which projects of the aforementioned type exist in your city at present? Which state are 
they in?  

4. What is the main motivation of your organization to participate in these projects? 

5. With which public actors, your organization collaborates regarding waste heat recovery? 
How? 

6. With which non-public actors, the public actors collaborate regarding waste heat recovery? 
How? 

7. Did the local authorities support the project? 

a. Trough regulative governance instruments (like standards, obligations)?  
If yes, please specify.  

b. Trough financial governance instruments (like subsidies, taxes)?  
If yes, please specify. 

c. Trough public investments? 
If yes, please specify. 

d. Through soft governance instruments (like communication strategies, visions)?  
If yes, please specify. 

e. Through bringing relevant actors together? 
If yes, please specify. 

f. Through providing data and/or information? 
If yes, please specify. 

g. Other? 
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Part 2 

8. What were challenges or difficulties when realizing the utilization of waste heat in your city?  

9. Which challenges or difficulties regarding waste heat recovery still exist today? 

a. [Energy utilities only:] Does waste heat recovery compete with your other business 
models or heat sources? 

b. Lack of best practices on how to distribute risks and benefits (business model)? 

c. Lack of legal framework? 

d. Risk of unstable supply (short-and long-term) 

e. [Local decision makers only:] Lack of knowledge on technological opportunities and 
policy options  

f. [Local decision makers only:] Lack of authorization or responsibility 

g. [Local decision makers only:] Lack of capacity and know-how for the implementation 
of projects 

h.  [Local decision makers only:] Short political planning horizon and changing political 
and financial climates 

10. Where there any other factors besides measures from the public authorities that lead to the 
success of the projects in your city? Which? 

11. Are there further potentials to utilize waste heat in your city? Which actions by the local 
government would facilitate their utilization? 

 


