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E X E C U T I V E S U M M A R Y

Introduction
Urgent and significant changes in all parts of the current Dutch energy system are
required to achieve the national climate goals. This thesis explores the impact from
traditional to renewable district heating (DH) on the Dutch electricity and heating
sector, at both a national and regional level. The results provide relevant lessons for
policy-makers and project developers regarding the realization of DH projects and
the electricity and heat transition overall. The main research question is answered:
What is the impact of the transition from traditional to renewable district heating on the
Dutch electricity and heating sector?

Research Approach
Both qualitative and quantitative methods are applied within this exploratory re-
search. On the national level, future trends within the electricity and heating sector
are analyzed using scenario analysis and energy flow analysis (EFA). On the re-
gional level, regional energy plans are analyzed in order to determine how the
trends are substantiated within the region North-Holland South. This case study
includes a stakeholder analysis, interviews with involved actors and an EFA.

Main Findings
There is uncertainty regarding the realization of the national heat and DH transi-
tion. The national transition to renewable DH does not always seem to make sense
alongside the strong expectations of a fully renewable electricity supply. Nonethe-
less, within the region North-Holland South, renewable DH is expected to be one
the main heating alternatives. The transition to renewable DH is expected to have
the following impact:

• Electricity sector: I) the use of renewable high-temperature DH sources limits
electricity demand, II) the use of renewable low-temperature sources in com-
bination with a collective heat pump or E-boiler increases electricity demand,
but can provide flexibility to the electricity grid through thermal storage.

• Heating sector: I) individual natural gas-fired boilers are substituted, II) cur-
rent DH sources are substituted by uncertain renewable DH sources.

The desirability of the shift to renewable DH depends on the regional context. Im-
portant factors are energy source availability and the decision-making by municipal-
ities. In the region North-Holland South, uncertainty regarding the source availabil-
ity of the planned renewable heating alternatives results in risks. The implemen-
tation of renewable DH can contribute to spreading these risks, and can provide
some relief for the electricity sector, as a significant electrification is expected. How-
ever, spreading the risks does naturally not remove these risks. Municipalities in
the region North-Holland South lack experience regarding the local heat transition.
This can lead to ineffective decision-making, resulting in misaligned local initiatives,
policy delays and malfunctioning infrastructural and heat source lock-ins.

Recommendations
To steer the heat transition, concrete choices regarding renewable heating sources
and synergies between electricity and heat must be made and effective legal and
regulatory frameworks are urgently required. Therefore, municipalities are strongly
advised to collect new knowledge, expertise and competences and assertively col-
laborate with provinces, energy producers and grid operators. It is particularly
important to be aware of the risks and stimulate the development of renewable heat
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sources and thermal storage. Implementing these recommendations within the re-
gion North-Holland South and possibly within other energy regions contributes
to the realization of the national heat transition and therefore a future low carbon
Dutch energy system.
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1 I N T R O D U C T I O N

1.1 research problem
In the Paris Climate Agreement, 196 parties including the Netherlands, consented
to limit global warming to 2 degrees Celsius while pursuing means to limit the
global temperature increase even further to 1.5 degrees [UNFCC, 2015]. Therefore,
The Dutch Climate Mitigation Act obliges to reduce carbon dioxide (CO2) emissions
in the Netherlands with 49% by 2030 and with 95% to 100% by 2050, compared to
1990, by implementing the National Climate Agreement [Rijksoverheid, 2019]. The
Climate and Energy Outlook provides an overview of the potential future Dutch
energy system, while considering national policy [PBL, 2020b]. Currently, the es-
timated reduction in CO2 emissions in 2030 is 34% compared to 1990, indicating
15% emission reduction below the target. Therefore, the rate of CO2 emission re-
duction must double in the next ten years in order to achieve the national climate
goals, causing the road to a low carbon energy system to be long and bumpy [PBL,
2020b].

1.1.1 Decarbonizing Energy Sectors

Urgent and significant changes in all parts of the current Dutch energy system are
required in order to reach national climate goals. Energy efficiency improvements
and the substitution of fossil fuels with renewable energy (RE) sources are tools
for reducing CO2 emissions within energy sectors, such as electricity and heating
[Aunedi et al., 2020; Papadis and Tsatsaronis, 2020]. Currently, the Netherlands
is highly dependent on fossil fuels as natural gas is the primary energy carrier in
these sectors [PBL, 2020b]. Reducing the use of natural gas can be beneficial for the
government, energy companies and consumers. Less than ten years ago, the Nether-
lands was an important and stable natural gas exporter [PBL, 2020b]. However, due
to the closure of the Groningen gas field, the Netherlands is completely dependent
on daily market prices for imports, which are currently reaching unprecedented
heights [NOS, 2022]. There are thus societal benefits for reducing the dependency
on fossil fuels and specifically natural gas in the Dutch energy system.

More than half of the final energy consumption in the Netherlands was used for
heating purposes in 2019, while approximately one fifth of the final energy con-
sumption in the Netherlands was used for electricity [PBL, 2020b]. In the relatively
large heating sector, efforts are made regarding energy efficiency improvements in
order to reduce the national heat demand. However, regarding the share of RE
sources, the heating sector is lagging behind compared to the electricity sector. The
Climate and Energy Outlook expects an increase in the share of renewable electric-
ity production from 18% in 2019 to 75% in 2030, while the share of renewable heat
is expected to merely increase from 7% in 2019 to 13% in 2030. Hence, the esti-
mated growth rate for renewable heat is much lower than the target indicated in
the ’Renewable Energy Directive’ [PBL, 2020b]. Heat demand is dominant in three
main sectors: the built environment, industry and the agricultural sector [Jimenez-
Navarro et al., 2020]. As the built environment accounts for the highest share of
final energy consumption in the Netherlands with 46%, it has a relatively large
potential for reducing CO2 emissions [PBL, 2020b].

1
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1.1.2 District Heating Systems

In order to decarbonize the heating sector, the implementation of district heating
(DH) systems in the built environment could play an important role [Liu et al.,
2016; Lund et al., 2018a; Jimenez-Navarro et al., 2020]. DH systems distribute heat
from heat production plants to consumers through pipe networks [Jimenez-Navarro
et al., 2020]. Therefore, DH systems are dependent on the heat supply source with
which they are connected. DH systems are perceived to help reduce emissions,
meet rising urban energy needs, provide cost-effective temperature control and im-
prove efficiency and flexibility, once RE sources are used as a source for heat supply
[IRENA, 2017].

However, the transition from a traditional to a renewable DH system is not a straight
forward process. Current fossil DH sources, such as natural gas, need to be substi-
tuted with renewable DH sources, such as geothermal, ambient heat and industrial
waste heat [Liu et al., 2016; PBL, 2020b]. Some of these current and future DH
sources use energy technologies that function as coupling elements between the
electricity and heating sector, such as combined heat and power (CHP) plants and
heat pumps [Liu et al., 2016; Mitridati and Pinson, 2016]. Through coupling ele-
ments, changes implemented in the heating sector affect the electricity sector and
vice versa. Therefore, the substitution of current fossil-based DH sources with re-
newable DH sources within the heating sector causes uncertainties to arise in the
changing dynamics of both the electricity and heating sector [Ziemele et al., 2016;
Liu et al., 2021]. The specific impact of the shift away from fossil DH within an
integrated energy system is thus important to explore in advance. Lake et al. [2017]
state that ”making informed decisions about the planning, construction and oper-
ation of DH systems are key to insuring sustainability of these systems for future
generations”. It is thus critical for future energy system designs to improve the
understanding of the complexities arising from the shift to renewable DH. This
could provide relevant lessons for policy-makers and project developers regarding
the realization of DH projects and the electricity and heat transition overall.

1.2 research objective and research questions
This thesis aims to explore the impact of the transition from traditional to renewable
DH on the Dutch electricity and heating sector on both a national and regional level
by analyzing future national energy scenarios and regional energy plans. This thesis
is exploratory and aims at description and understanding of the transition within a
larger context. Therefore, this paper aims to answer the following research question:

What is the impact of the transition from traditional to renewable district heating on the
Dutch electricity and heating sector?

In order to answer the main research question, the following sub-questions are an-
swered:

SQ1: What are possible interconnections between energy sources, technologies and uses of
the Dutch electricity and heating sector?

SQ2: How are the Dutch electricity and heating sector expected to transition according to
the trends of existing national energy scenarios for 2050?

SQ3: What is the expected impact of the transition to renewable district heating on the
Dutch electricity and heating sector according to the trends of existing national energy
scenarios for 2050?
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SQ4: How are the electricity and heating sector expected to transition according to the
regional energy plans in a specific Dutch region?

SQ5: What is the impact of the transition to renewable district heating on the electricity
and heating sector according to the regional energy plans in a specific Dutch region?

SQ6: How do the transitions of the national and regional electricity and heating sector
compare?

The main research question aims to explore the impact of the transition from cur-
rent to future renewable DH on the Dutch electricity and heating sector for the
built environment. In the first sub-question possible interconnections between en-
ergy sources, technologies and uses of the Dutch electricity and heating sector are
determined. This way, a clear overview is provided of how different energy com-
ponents are related within and between the electricity and heating sector. In the
second sub-question, the transition of the current national energy system into the
future national energy system is explored by the analysis of various scenarios re-
garding the future Dutch energy system for 2050. The focus is on exploring and
comparing the national transition pathways available to the Dutch electricity and
heating sector. By comparing the future energy systems among each other and with
the current national energy system, scenario trends can be identified. In the third
sub-question, current and future national interconnections between the electricity
and heating sector are determined. Subsequently, the impact of the transition from
current to future renewable DH on the electricity and heating sector is indicated
according to these trends on a national scale. In the fourth sub-question, the transi-
tion of the current regional energy system into the future national energy system is
explored. By considering a regional scale and regional energy plans, more concrete
observations can be done. In the fifth sub-question, current and future regional
interconnections between the electricity and heating sector are determined. Subse-
quently, the impact of the transition from current to future renewable DH on the
electricity and heating sector is indicated according to these trends on a regional
scale. In the last sub-question, the regional and national energy system analysis are
compared in order to determine how the regional future energy system fits within
the national future energy scenarios.

1.3 role of vattenfall
Independence from third party interests is critical for conducting an objective re-
search that complies with academic standards. However, this thesis is carried out
at the company Vattenfall. Although Vattenfall’s contacts, resources and expertise
on energy systems are used for this thesis, the research is independent from the
individual interests of Vattenfall. The research design and outcomes are not influ-
enced in favor of the company. Vattenfall is an energy utility company with a clear
goal: to enable fossil-free living within one generation. Vattenfall currently has ap-
proximately 2 million connections in the Netherlands. Their core activities include
the production, trading and supply of electricity, natural gas and district heating
[Vattenfall, 2021b]. The transition from current to future renewable DH has a high
societal relevance considering the ongoing energy transition. Like many other ac-
tors in the heating industry, Vattenfall is interested in future trends in the Dutch
heating sector and the development of DH systems and sources in the Netherlands
in the coming years.
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1.4 report outline
The remainder of this report will have the following outline. In Chapter 2 the
theoretical basis of this thesis is provided. In Chapter 3 the research approach and
methodology will be discussed. Subsequently, Chapter 4, Chapter 5, Chapter 6

and Chapter 7 will present the findings from applying the research methodology.
Lastly, Chapter 8 discusses the main findings, the implications of the findings and
the limitations of this thesis.



2 T H E O R E T I C A L F R A M E W O R K

In this chapter, a theoretical framework is constructed that enables the exploration
of the transition from traditional to renewable DH within an integrated energy
system. This theoretical framework determines how this thesis is embedded within
existing literature and defines key concepts and theories, providing the scientific
basis of this thesis. The framework provides a definition and conceptualization of
the energy system design and transition pathways theories.

2.1 district heating within existing literature
The DH technology has been integrated into many energy systems, especially in
Europe. In literature, DH systems are often associated with a specific generation
[Mazhar et al., 2018]. Since 1880, three generations of DH systems have passed.
Table 2.1 is adapted from Lake et al. [2017] and shows the three generations of DH
and their common DH source, technology and peak period.

1st Generation 2nd Generation 3rd Generation
Peak Period 1880-1930 1930-1980 1980-2020

DH Technology Collective boilers Collective boilers, CHP CHP
DH Source Coal Coal, oil Biomass, waste, fossils

Table 2.1: Generations of DH, adapted from Lake et al. [2017]

Over the last four decades, the literature regarding DH has evolved considerably.
During the 1980s, most research focused on the basic characteristics of DH networks
and the integration of co-generation systems and CHP plants [Marchand et al., 1983;
Potts and Draaijer, 1985; Rudig, 1986]. From 1990 up until the early 21st century,
research mostly focuses on the optimization of DH systems to enhance associated
energy efficiencies. Efficiently balancing demand and supply, supply temperatures
and optimizing transmission networks were focused upon. Moreover, many techno-
economical studies were conducted [Benonysson et al., 1995; Bojic and Trifunovic,
2000; Curti et al., 2000]. During the early 21st century, the focus within DH systems
shifted to sustainability. Scientific studies focused on renewable heating technolo-
gies and the reduction of carbon emissions within DH systems [Agrell and Bogetoft,
2005; Lund et al., 2010; Difs et al., 2010].

Over the last couple of years, a future fourth generation of district heating (4GDH)
is the subject of research [Averfalk and Werner, 2017; Lake et al., 2017; Mazhar et al.,
2018; Li and Nord, 2018; Tereshchenko and Nord, 2018; Volkova et al., 2018; Lund
et al., 2018b; Leurent et al., 2018; Asim et al., 2020]. According to the literature, the
future 4GDH technology should include lower distribution temperatures, assembly-
oriented components and more flexible materials [Lund et al., 2018b]. Furthermore,
4GDH should involve strategic and innovative planning [Tereshchenko and Nord,
2018; Volkova et al., 2018]. Overall, 4GDH aims to take advantage of various heat
sources, modern measuring equipment, thermal storage and advanced information
technology in order to provide flexibility, reliability, intelligence and competitive-
ness [Li and Nord, 2018; Asim et al., 2020]. The traditional idea ”to use local fuel
or heat resources that would otherwise be wasted”, now shifts to ”also recycle heat

5



2.2 energy system design 6

from low-temperature sources and integrate RE sources such as geothermal and
solar energy” [Lund et al., 2014]. Moreover, 4GDH can be linked to to a more inte-
grated and large-scale approach on energy system design (see section 2.2) [Lund et al.,
2018a; Nielsen et al., 2020; Østergaard et al., 2021]. In some cases, literature focuses
on the advantageous implementation of DH within an integrated energy system (see
section 2.2.1), in which the electricity and heating sector are interconnected [Lund
et al., 2018b; Yu et al., 2018; Askeland et al., 2019; Li et al., 2020; Wang et al., 2021;
Golmohamadi et al., 2022]. This literature focuses mainly on the technological as-
pects of the DH technology without considering local future developments.

There is a lack of studies that consider the impact of the transition to renewable DH
on the electricity and heating sector within an integrated energy system while con-
sidering local concrete conditions. This observation is in line with the knowledge
gap identified by Lund et al. [2018a] and Mazhar et al. [2018], who provide a litera-
ture review of the development of DH and their role in integrated energy systems.
Moreover, in-depth case studies of this subject in the context of the national and
regional Dutch energy system are non-existent. This thesis aims to contribute to the
state-of-the-art literature by exploring the impact of the transition from a traditional
to a renewable DH system on the Dutch electricity and heating sector. Both a na-
tional and regional level are included by analyzing future national energy scenarios
and regional energy plans.

2.2 energy system design
In this thesis, current and future energy system designs are explored both on a na-
tional and regional level. The design of the energy system determines the way the
components of the system interact. Moreover, the way the components of the energy
systems interact determines the overall effectiveness of the energy system [Sanaei
and Nakata, 2012]. There are countless possible configurations of political, techni-
cal, economic and social system components for the design of an energy system.
This thesis focuses mainly on the technical energy system design.

On a technical level, an energy system includes various energy sources, technologies
and end-demand purposes with certain interconnections. Mathiesen et al. [2015]
present several different types of energy systems that meet certain end-demands.
These types of energy systems are not exhaustive, as there are many more configu-
rations possible. Figure 2.1 and figure 2.2 are adapted from Mathiesen et al. [2015]
and illustrate two examples of types of energy systems. The ’traditional energy
system’ illustrated by figure 2.1, supplies heat by individual boilers. Electricity is
provided by power plants and additional RE sources, such as wind and solar. The
electricity and heating sector are thus not interconnected. Moreover, figure 2.2 il-
lustrates the ’integrated energy system’, which supplies both electricity and heat by
CHP plants. Additionally, RE sources, such as wind and solar generate electricity.
Moreover, heat pumps additionally produce heat using electricity as input. The
electricity and heating sector are thus interconnected.

In the system diagrams included within this thesis, the same colour indication is
used for the energy components (square) and flows (arrows). Renewable sources are
indicated with green, while conventional sources are indicated with blue. Electricity
and heat supply are indicated with yellow and red respectively. The black arrows
represent fuel flows, dotted black arrows represent wind or solar energy flows,
yellow arrows represent electricity flows and red arrows represent heat flows.
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Figure 2.1: System diagram of a traditional energy system, adapted from Mathiesen et al.
[2015]

Figure 2.2: System diagram of an integrated CHP energy system, adapted from Mathiesen
et al. [2015]

2.2.1 Integrated Energy Systems

In recent years, a global transition away from traditional energy systems has oc-
curred. The integrated energy system (IES), also known as multi-carrier energy
system or multi-energy system, is under rapid development in recent years on both
a practical and academic level [Pan et al., 2016; Shao et al., 2018]. Integrated energy
utilization is viewed as an effective way to improve energy efficiency and flexibility,
and increase the share of RE sources [Pan et al., 2016; Connolly et al., 2016; Zhang
et al., 2021; Papadis and Tsatsaronis, 2020]. The EU strategic long-term vision for a
climate neutral economy by 2050 emphasizes the importance of an IES approach in
order to achieve climate objectives [EC, 2018]. Generally, the concept of IES provides
an interconnection between at least two individual energy subsectors, such as the
electricity and heating sector, as shown in figure 2.2. This approach is commonly
referred to in literature with the term ’sectoral coupling’ [Jimenez-Navarro et al.,
2020; Pan et al., 2016; Liu et al., 2016]. From a policy perspective, the integration of
specifically the electricity and heating sector is recognised as a key issue [Jimenez-
Navarro et al., 2020].

The sectoral coupling of subsectors into an IES occurs through ’coupling compo-
nents’, such as CHP units and heat pumps [Pan et al., 2016]. In chapter 4, the
energy technologies involved in the current en future energy system are further
elaborated upon. Some of these technologies are coupling elements between elec-
tricity and heating. Through these coupling elements, changes implemented in the
heating sector affect the electricity sector and vice versa. Therefore, with the shift
away from fossil fuels in one of these sectors, the supply and demand balances of
both sectors are expected to change.
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2.3 transition pathways
A particular renewable energy system configuration as discussed in section 2.2 is
the result of a transition pathway. In this thesis, transition pathways of the Dutch
energy system up to 2050 are analyzed by the use of scenarios and specific re-
gional plans. There are many possible transition pathways resulting in the desired
decarbonized energy system that achieves the climate objectives. These transition
pathways are shaped by many possible interconnections and uncertainties. There-
fore, it is challenging to forecast specific transition pathways and the structure of
the energy system at any given year [TNO, 2020a]. In this thesis, the concept of the
scenario funnel is used to illustrate how the scenarios relate to the current and future
energy system. Furthermore, the concepts of lock-in and path dependency are used
to provide an explanation as for how the current energy system and future energy
systems are shaped.

2.3.1 Scenario Funnel

According to Timpe and Scheeper [2003], the range of possible transition pathways
for complex systems can be simplified by the use of a scenario funnel. Figure 2.4
depicts an adapted scenario funnel as proposed by Timpe and Scheeper [2003].

Figure 2.3: Scenario funnel, adapted from Timpe and Scheeper [2003]

The blue circles in the scenario funnel represent the possible realistic futures in a
given year. Moreover, the dotted lines represent the various transition pathways of
the scenarios. Therefore, the scenario funnel illustrates that the range of possible
futures is much larger than a limited number of scenarios. Moreover, the notion can
be derived that ”the uncertainty of the future usually increases with the distance
from the present” [Timpe and Scheeper, 2003]. Besides this, the scenario funnel
shows that the possible transition pathways are usually not linear. They might be
impacted by ‘disruptive events’ and ‘decision points’. A disruptive event repre-
sents an event that that prevents the transition pathway to continue accordingly. At
a decision point, a choice exists between several transition pathways [Timpe and
Scheeper, 2003].



2.3 transition pathways 9

2.3.2 Lock-In and Path Dependency

Which energy transition pathway or scenario becomes reality is the result of various
political, technical, economic and social aspects impacting the disruptive events and
decision points. Energy transitions are conceptualized in the theoretical framework
of Cherp et al. [2018] in figure 2.4, as a result of three autonomous and co-evolving
perspectives: I) the policy perspective (composed of energy-related policies), II)
the techno-economic perspective (composed of energy flows and markets), III) the
socio-technical perspective (composed of knowledge, practices and networks asso-
ciated with energy technologies). The course of energy transition can be explained
by the developments and interactions of these three perspectives [Cherp et al., 2018;
Brauers et al., 2021].

Figure 2.4: Co-evolving systems in energy transitions, reprinted from Cherp et al. [2018]

The concepts of lock-in and path dependency consider the manner in which large-
scale systems, such as energy systems, become embedded in society [Kotilainen
et al., 2019]. The lock-in concept refers to a transition pathway or system becoming
self-reinforcing. Arthur [1994] defines lock-in as ”increasing returns derived from
adoption of a certain technology giving incumbent technologies an advantage over
new entrants”. In literature, three types of lock-in are distinguished: the institu-
tional lock-in, infrastructural and technological lock-in and behavioural lock-in [Brauers
et al., 2021]. These lock-ins are embedded within the political, techno-economic and
socio-technical perspective respectively. The institutional lock-in refers to existing
institutions hindering the energy transition [Thelen, 1999]. Moreover, the infrastruc-
tural and technological lock-in exist as investments in an existing infrastructure or
technology lead to a lock-in to preserve their profits [Bertram et al., 2015; Johnson
et al., 2015]. In a behavioural lock-in, current practices through individual decisions
and choices are continued. These practices are influenced by social norms and cul-
tural values [Brauers et al., 2021]. Eventually, lock-in can cause path dependency.
The path dependency concept refers to a limitation of options regarding actors, in-
stitutions and networks [Kotilainen et al., 2019]. The concepts of lock-in and path
dependency are used to provide an explanation as for how the current Dutch en-
ergy system is shaped following from past Dutch national energy policy in section
5.1. Moreover, these concepts are used to explain how current Dutch energy policy
and regional plans shape the future energy system on a regional level in section 6.4.
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In the scenario funnel discussed in section 2.3.1, the transition pathways are thus
impacted by lock-ins or path dependencies of a political, technical, economic and
social nature. Therefore, history shapes current transition pathways and current
transition pathways may cause lock-ins for potentially several decades [Vadén et al.,
2019]. This causes complexities to arise in the transition from a current to a future
renewable energy system. Path dependency causes resistance to change, even if
the business as usual pathway seems to be increasingly maladaptive [Barnett et al.,
2015]. Hence, it becomes very challenging to re-orient such path-dependent transi-
tion pathway [Kotilainen et al., 2019]. According to Barnett et al. [2015] change of
transition pathways is always possible, although sometimes slowly. However, time
is of the essence with regard to transition pathways involving climate change.

2.4 conclusion
This thesis aims to fill an identified scientific knowledge gap by exploring the im-
pact of the transition from traditional to renewable DH on the Dutch electricity
and heating sector. Therefore, the energy system design theory is used. Current
and future energy system designs are explored and mapped with regard to their
interconnections and quantified energy flows. As energy systems are increasingly
becoming more integrated through coupling elements, it is beneficial to view the
energy system as an integrated energy system. Moreover, the transition pathways
theory is used as various transition pathways of the Dutch energy system up to
2050 are analyzed within this thesis. The range of possible transition pathways for
complex systems is depicted via the scenario funnel. Moreover, associated concepts
such as lock-in and path dependency are used to provide an explanation as for how
the current and future Dutch energy system are shaped.



3 M E T H O D O LO GY

In this chapter, the research approach and its rationale is presented. Subsequently,
the research strategy per sub-question is provided. Following from this, the case
study methodology, methods for data collection and methods for data analysis are
extensively discussed.

3.1 research approach
This thesis considers the transition from current to future renewable DH on a Dutch
national scale and within a specific Dutch region in order to answer the following
main research question: What is the impact of the transition from traditional to renewable
district heating on the Dutch electricity and heating sector?. The research approach is
exploratory and aims at description and understanding of the transition from tradi-
tional to renewable DH within a larger context. This larger context is provided by
the national energy scenarios in which the regional energy plans take place. More-
over, the larger context is provided by considering the transition to renewable DH
within an integrated energy system.

Given the goals of this thesis, the research problem is approached in a mixed meth-
ods manner. Both qualitative and quantitative methods are included. The primary
reason for using a mixed methods approach is that by combining qualitative and
quantitative methods, a more complete understanding of the research subject is pro-
vided than either method alone [Creswell, 2003]. The mixed methods approach is
well suited for this thesis as it allows to further examine the complex problem at
a ’deeper’ level. The qualitative strand reveals what the quantitative strand leaves
out and vice versa [Edmonds and Kennedy, 2020]. The quantitative methods focus
on mapping the current and expected energy system by the use of numerical data.
The qualitative methods add to this as they have the benefit of considering the com-
plexities of the transition. Combined, these methods result in in-depth information
needed to explore the transition from current to renewable DH on a national and
regional scale.

3.1.1 Research Scope

Within the energy system, the electricity and the heating sector are considered, as
DH systems play a role in the sectoral coupling of these two sectors specifically.
The involvement of other sectors is out of scope. Moreover, the end-demand for
electricity and heating considers the built environment, as this is the end-demand
sector in which district heating is most relevant. The built environment consists
of households and services i.e. a residential and non-residential sector respectively
[TNO, 2020a]. Furthermore, the impact of the transition on the electricity and heat-
ing sector is explored. As ’sector’ is a broad concept, this thesis focuses on the
impact in terms of energy flows specifically. Moreover, the transition of the DH
sources is studied over a time span of 30 years and the thesis therefore includes
various energy scenarios and strategies up to the year 2050.

11
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3.1.2 Research Strategy per Sub-Question

This thesis can be divided into a nationally focused part and a regionally focused
part with a case study. The nationally focused part comprises of sub-question 2 and
3, while the regionally focused part considers sub-question 4 and 5. A visualization
of the research strategy is provided in figure 3.1. In the remainder of the chapter,
the case study methodology (section 3.2) and the associated methodologies for data
collection (section 3.3) and analysis (section 3.4) are discussed.

Figure 3.1: Research strategy per sub-question with associated methods

SQ1: What are possible interconnections between energy sources and technologies of the
Dutch electricity and heating sector?
In order to answer the first sub-question, a desk study is conducted for data collec-
tion regarding the characteristics of current and future energy sources and technolo-
gies of the Dutch electricity and heating sector. By determining these characteristics,
the interdependencies between the various energy components are determined. A
clear overview is provided of how the energy components are related within and
between the electricity and heating sector by conducting an energy flow analysis
(EFA).

SQ2: How are the Dutch electricity and heating sector expected to transition according to
the trends of existing national energy scenarios for 2050?
For answering the second sub-question, a desk study is conducted for data collec-
tion regarding Dutch national energy policy and the current Dutch electricity and
heating sector on a national level. Moreover, a desk study and and a scenario anal-
ysis are conducted regarding future scenario reports for the national energy system
of 2050. Subsequently, an EFA is conducted in order to determine the current and
future interconnections of the national electricity and heating system and to quan-
tify the energy flows. By comparing the future energy systems among each other
and with the current national system, scenario trends can be identified.
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SQ3: What is the expected impact of the transition to renewable district heating on the
Dutch electricity and heating sector according to the trends of existing national energy sce-
narios for 2050?
To answer the third sub-question, the EFA of sub-question 2 is used to determine
the current and future interconnections of the national energy system between the
electricity and heating sector. Subsequently, the changing role of DH within the in-
tegrated energy system is analyzed. Therefore, the impact of the transition to future
DH on the electricity and heating sector is indicated according to these trends on a
national scale.

SQ4: How are the electricity and heating sector expected to transition according to the re-
gional energy plans in a specific Dutch region?
To answer the fourth sub-question, a case study as described in section 3.2 is
conducted regarding the electricity and heating sector of a specific Dutch region.
Within the case study, a desk study is conducted for data collection regarding the
current status of the Dutch electricity and heating sector on a regional level. More-
over, a stakeholder analysis is conducted in order to determine the relevant actors
involved in the regional energy system. Stakeholder reports regarding regional en-
ergy plans are analyzed in order to determine how concrete the plans are and what
they entail. Moreover, expert interviews are conducted with the various identified
stakeholders to gather additional data. Subsequently, an EFA is conducted in order
to determine the current and future interconnections of the regional electricity and
heating system and to quantify the energy flows. By comparing the current and
future regional energy systems, the expected transition can be determined.

SQ5: What is the impact of the transition to renewable district heating on the electricity and
heating sector according to the regional energy plans in a specific Dutch region?
The fifth sub-question is also part of the case study as described in section 3.2. The
EFA of sub-question 4 is used to determine the current and future interconnections
of the regional energy system between the electricity and heating sector. Subse-
quently, the changing role of DH within the integrated energy system is analyzed.
The regional energy plans place this changing role in a multi-actor context. There-
fore, the impact of the transition to future DH on the electricity and heating sector
is indicated according to these trends on a regional scale.

SQ6: How do the transitions of the national and regional electricity and heating sector com-
pare?
For answering the last sub-question, the EFAs of the national and regional analysis
are compared. Therefore, it can be determined how the current regional energy sys-
tem fits within the national energy system. Subsequently, it can be compared how
the regional future energy system fits within the national future energy scenarios.

3.2 single-case study methodology
Sub-question 4 and 5 are answered in chapter 6 by the use of the single-case study
methodology. A case study is defined as “an empirical inquiry that investigates
a contemporary phenomenon in depth and within its real-life context; when the
boundaries between phenomenon and context are not clearly evident; and in which
multiple sources of evidence are used.” [Yin, 2009]. By using a case study approach,
data within a specific context can be closely examined and a rich picture of a par-
ticular phenomenon can be generated. Concerns of case study research regard re-
searchers to not providing enough depth, not follow systematic procedures or have
biased views influencing the direction of the findings and conclusions [Yin, 2009].
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According to Yin [2009], there are three types of case studies:

• Exploratory: the case study is used to explore a particular phenomenon within
its context.

• Descriptive: the case study is used to describe a particular phenomenon
within its context.

• Explanatory: the case study is used to provide an explanation for a particular
phenomenon within its context.

In this thesis, the single-case study is utilized to gain a deep understanding of
one particular case [Seawright and Gerring, 2008]. The regional transition from
traditional to renewable DH is explored and in-depth research is conducted into
concrete regional impacts of this transition. Therefore, an exploratory analysis is
conducted. Moreover, Yin [2009] states that some case study research uses a mix of
quantitative and qualitative methods. This approach is applicable to this case study,
in which the qualitative analysis aims at providing additional information to the
quantitative data analysis.

3.2.1 Case Selection

Case selection is an important part of the case study. Often, a specific geographical
area is considered to provide the boundaries of the case [Yin, 2009]. As the supply
of heat is a very local phenomenon, the regional area North-Holland South is se-
lected for this case study. This region has been selected for two main reasons. First,
the regional energy plans of this region are developed to a large extent. Second,
Vattenfall has a large interest in this specific region, as the regional district heating
grid is largely under their operation. Within the case study, the current and fu-
ture regional electricity and heating sector and the involved stakeholders are under
consideration.

3.3 data collection
In order to collect data for answering the sub-questions, data collection methods are
applied. The methods involve desk research, including literature and desk studies,
and semi-structured interviews.

3.3.1 Desk Study

A desk study is conducted in order to collect the data serving as input for data
analysis, see section 3.4. First, a literature review is done regarding energy sources
and technologies within the Dutch electricity and heating sector as input for the EFA
to answer sub-question 1. Moreover, various national energy reports are studied in
order to collect data regarding the current Dutch electricity and heating sector on
a national and regional scale. This data will serve as input for the EFA of the
existing energy systems in sub-question 2 and 4. Furthermore, in order to gather
data on the future Dutch electricity and heating sector on a national scale, various
scenario reports are studied. The scenarios from these reports will serve as a basis
for the scenario analysis in sub-question 2. Lastly, data regarding the future regional
electricity and heating sector is gathered by studying various regional energy plans.
The data regarding these plans serve as input for the EFA of the future regional
energy systems in sub-question 4.
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3.3.2 Semi-structured interviews

Semi-structured interviews with several stakeholders are conducted in order to
collect and verify data serving as input for data analysis, see section 3.4. Semi-
structured interviews are conducted among the stakeholders involved in the tran-
sition to renewable DH sources within the regional level (case study) in chapter
6 for answering sub-question 4 and 5. Three types of interviews can be used for
conducting interviews: structured, semi-structured and unstructured [Bolderston,
2012]. Structured interviews mostly contain pre-determined closed questions for
which the interviewee is often limited to pre-coded responses. In contrast, unstruc-
tured interviews have very little structure at all. Questions are often open-ended
and not pre-determined as successive questions are framed according to the inter-
viewee’s previous response [Mathers and Nick Fox, 1998]. A semi-structured inter-
view is the most suitable method for this thesis. Semi-structured interviews involve
a series of open-ended questions. The open-ended nature of the questions enable
the topic under investigation to be defined but opportunities are provided for both
the interviewer and interviewee to discuss some topics in more detail and investi-
gate other areas. This may lead to potentially important new data, which a useful
addition to the scenario and regional energy flow analysis. However, conducting
semi-structured interviews also has several limitations. Conducting the interviews
can be time-consuming, analyzing the interview data from open questions can be
labour intensive and the success of an interview depends on the willingness of the
interviewees to cooperate [Mathers and Nick Fox, 1998; Bolderston, 2012]. These
limitations are addressed as for each interview a pre-determined duration is stated.
Furthermore, the pre-determined questions are standardized for all interviewees,
which causes data analysis to become easier and faster, see section 3.4.4. The inter-
view guide is included in appendix C.

Interviewees

Table 3.1 depicts the conducted interviews and the associated interviewee, organi-
zation, function and reference.

Interviewee Organization Function Interview Reference
Pim van Herk Province

North-Holland
Policy Consultant
Renewable Energy

Provincie Noord-Holland [2022]

Milan van Schendel Municipality
of Amsterdam

Strategy Consultant
Renewable Energy

Gemeente Amsterdam [2022]

Bart de Hue Vattenfall Program Manager
Green Heat

Vattenfall [2022a]

Floor de Kleijn Vattenfall Public & Regulatory
Advisor

Vattenfall [2022b]

Frank de Vries Vattenfall Director of Concession
Management

Vattenfall [2022c]

Richard van den Broek Vattenfall Portfolio Director
Heat

Vattenfall [2022d]

Martin Buijk Westpoort
Warmte

COO Westpoort Warmte Westpoort Warmte [2022]

Hans van der Geest Liander System Operator Liander [2022]

Hans Coenen Gasunie VP Corporate Strategy &
Business Developer

Gasunie [2022]

Table 3.1: Conducted interviews
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Several stakeholders involved in the transition to renewable DH within the regional
level (case study) are interviewed in order to analyse the case from different perspec-
tives. The interviewees were selected based on the conducted stakeholder analysis.
In the stakeholder analysis, organizations that are involved with or responsible over
the energy flows within the regional electricity and heating sector are included. The
main organizations are identified and representatives of these organizations are in-
vited as interviewees. Furthermore, the interviewees are asked if there are other
interviewees that are recommended. The viewpoints of the stakeholders identified
within the stakeholder analysis are included in chapter 6. This has been done in
order to form a representative and widespread understanding of the transition to
renewable DH within the region. Therefore, the chance of one-sided and biased
information was reduced.

3.4 data analysis
In order to analyse data for answering the sub-questions, data analysis methods
are applied. The methods involve energy flow analysis, scenario analysis and stake-
holder analysis.

3.4.1 Energy Flow Analysis

An energy flow analysis (EFA) is conducted in in chapter 4, 5, 6 and 7 for answer-
ing all sub-question in order to map the interconnections and the energy flows
between the technical components of the electricity and heating sector. As the cou-
pling between different energy subsectors is important in this thesis, traditional
methods that study energy subsectors as individual subsystems are not suited [Liu
et al., 2016; Connolly et al., 2016; Pan et al., 2016]. An EFA offers the possibility
to consider the electricity and heating sector as an integrated whole [Papadis and
Tsatsaronis, 2020]. In research, EFA has been widely used for tracking the energy
balance of industrial clusters, cities and nations. Most EFAs concern energy flows
in combination with economic processes within a top-down assessment framework.
The energy indicators involved in EFA often include energy import, exports and
socio-economic stocks. In this thesis, the physical energy flows of different elec-
tricity and heating sources to final end uses in the built environment are included.
This also includes imported and exported electricity. With the input data collected
by desk study, the involved energy flows are calculated, converted to PJ and as-
sembled using Microsoft Excel [Microsoft, 2010a]. This provides the possibility to
track different types of sources used in the energy system, which is important for
understanding the energy infrastructure [Chen and Chen, 2015]. Moreover, the EFA
gives a sense of scale across the system [Lupton and Allwood, 2017]. The EFA may
help policy and decision-makers, researchers and others to understand the energy
flows in the electricity and heating sector from source to final end uses in the built
environment [Subramanyam et al., 2015].

In this thesis, the EFA is visualized by the means of system and sankey diagrams of
the considered energy systems. The system diagram visualizes the interconnections
between the technical components and the direction of the energy flows and is cre-
ated in Microsoft [2019]. The sankey diagram depicts the energy flows of the system
in a quantified manner and is created in SankeyMatic [2020]. Sankey diagrams have
been used as an effective tool to analyze energy flows and their specific distribution
across various energy sectors. The diagram is represented by arrows, for which the
width represents the magnitude of the flow [Soundararajan et al., 2014].
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3.4.2 Scenario Analysis

A scenario analysis is conducted in chapter 5 for answering sub-question 2, which
focuses on the national scale. The key idea of scenario analysis is to explore al-
ternative future developments [Duinker and Greig, 2007]. The scenario analysis
is not intended to draw conclusions regarding the best climate-neutral future for
our society. However, the purpose of this scenario analysis is to explore the na-
tional transition pathways available to the Dutch electricity and heating sector. A
scenario analysis is defined as ”a procedure covering the development of scenarios,
comparison of scenario results, and evaluation of their consequences” [Alcamo and
Henrichs, 2008]. In this thesis, scenarios are not developed. However, various ex-
isting scenarios from different sources are compared and analyzed. Each scenario
plausibly describes an alternative future, in a qualitative and quantitative manner.
Scenario analysis does not focus on making predictions or forecasts, but rather on
describing and analyzing images of the future in order to broaden perspectives
[Duinker and Greig, 2007]. Key to successfully conducting a scenario analysis is to
avoid becoming attached to a particular scenario. According to Duinker and Greig
[2007] ”understanding the implications of each scenario permits insightful analysis
of the uncertainties that the future holds”.

Alcamo and Henrichs [2008] identifies five main elements of a scenario analysis:

• The initial situation

• An image of the future

• Driving forces (drivers of change)

• Alternative pathways to the future (scenarios)

• Changes

Each of these elements is included within the research by answering sub-question
2 in chapter 5. The current status of the Dutch electricity and heating sector is de-
termined on a national scale. Moreover, the scenarios from the reports gathered in
the desk study, will provide an image of the future and alternative pathways to the
future. Moreover, the qualitative story lines behind the scenarios will be studied
in order to determine the driving forces. Driving forces are the main factors influ-
encing future developments of a system described in a scenario. Main categories
of driving forces in environmental scenarios include technological, political, demo-
graphic, economic and social-cultural drivers [Alcamo and Henrichs, 2008; Postma
and Liebl, 2005]. The scenarios will be explored and compared by the results of
the EFA. The EFA will be used to identify changes and particular trends for every
scenario.

3.4.3 Stakeholder Analysis

A stakeholder analysis is conducted in chapter 6 for answering sub-question 4 in
order to determine the relevant actors involved in the transition from fossil to renew-
able DH sources within the case study and thus at a regional level. Policy-makers
increasingly recognise the need to understand the so-called stakeholders, those who
are affected by the decisions and actions they take, and who have the power to influ-
ence their outcome [Reed et al., 2009]. Stakeholder analysis is defined as ”a process
that: i) defines aspects of a social and natural phenomenon affected by a decision
or action; ii) identifies individuals, groups and organisations who are affected by
or can affect those parts of the phenomenon (this may include non-human and
non-living entities and future generations); and iii) prioritises these individuals and
groups for involvement in the decision-making process”. [Reed et al., 2009].
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In this thesis, relevant stakeholders will be identified as part of the case study. Stake-
holder identification is usually an iterative process. However, if the boundaries of
the phenomenon itself are clearly defined, then stakeholders can be relatively eas-
ily identified. A risk is the accidental omission of certain stakeholders by the lack
of thoroughness. However, a line must be drawn at some point, based on criteria
established by the researcher. Such criteria may be for instance of a geographical
or demographic nature, depending on the focus of the analysis [Reed et al., 2009].
In this thesis, the boundaries of the phenomenon are defined by the geographi-
cal boundaries of the studied case, as described in 3.2.1. More specifically, the
stakeholders that are involved with or responsible over the energy flows within the
boundaries of the case study’s electricity and heating sector are included. As heat
supply is a very local issue, the geographical boundaries are easier to determine
than for electricity. For electricity, a line is drawn at imported electricity. The stake-
holders involved with the regional supply, transmission, distribution and end use
of electricity are included. However, the stakeholders that only supply imported
electricity are not included.

3.4.4 Interview Data Analysis

An analysis of the data collected by conducting the interviews is performed. This
data is relevant for the exploration of regional energy plans in chapter 6 for an-
swering sub-question 4 and 5. While the interviews are conducted, the interview
is recorded with permission of the interviewee. Subsequently, the interview is
transcribed using Microsoft Word [Microsoft, 2010b]. According to McLellan et al.
[2003], the text selected for transcription should take into account the analytical con-
tribution it will provide to the overall study. What to include should thus always be
driven by the research question involved [McLellan et al., 2003]. Therefore, in this
thesis the interviews are globally transcribed without including mispronunciations,
elisions, slang, nonverbal sounds (e.g., laughs, sighs), grammatical errors and back-
ground noises. Sentences, paragraphs, passages and stories relevant to the research
question are included. Subsequently, the transcribed data is used additionally to
the regional energy plans of the involved actors gathered via desk study.

3.5 conclusion
This thesis is divided into a nationally focused part and a regionally focused part
in order to answer the main research question: What is the impact of the transition
from current to future renewable district heating sources on the Dutch electricity sector?
The research approach is exploratory and aims at description and understanding
of the transition from fossil to renewable DH sources within a larger context. This
larger context is provided in two ways: I) by the national energy scenarios and II)
by considering the transition to renewable DH within an integrated energy system.

First, overall possible interconnections between energy technologies and sources are
determined by collecting data via a desk study and analyzing data using an EFA.
Subsequently, a desk study is used for data collection regarding the nationally fo-
cused part. A scenario analysis is conducted to determine national energy trends
and these trends are analyzed by an EFA. Furthermore, a desk study and semi-
structured interviews are used for data collection regarding the regionally focused
part. This part includes a single-case study, in which the region North-Holland
South is studied by using data analysis methods such as EFA, stakeholder analysis
and interview data analysis.
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In chapter 4, the possible interconnections between the various energy components
are determined. Subsequently, chapter 5 focuses on the national analysis, while
chapter 6 focuses on the regional analysis and include the case study of the region
North-Holland South. Lastly, 7 compares the national and the regional analysis.



4 E N E R GY T E C H N O LO G I E S A N D
S O U R C E S

As discussed in section 2.2, an energy system includes various energy sources, tech-
nologies and end-demand purposes. In this chapter, the characteristics of current
and future energy technologies and sources of the Dutch electricity and heating
sector are discussed. The end-demand purposes are considered to be the electricity
and heat demand of the built environment. Following from these characteristics, the
interconnections between the various energy components are determined. The first
sub-question What are possible interconnections between energy sources and technologies
of the Dutch electricity and heating sector? is answered within this chapter by applying
the methods discussed in chapter 3.

4.1 energy technologies
A description of the energy technologies that play a role in the current and future
energy system is provided in this section. The district heating technology is part of
this energy system. However, the district heating technology is discussed separately
in section 4.3.

4.1.1 Power Plants

Sarat Raju and Karunya [2018] define a power plant as ”a machine or assembly of
equipment that generates and delivers a flow of mechanical or electrical energy”.
The main technical component for the generation of electricity is the generator. By
coupling the generator to a prime mover, the electricity is generated. The type of
prime move determines the type of power plant [Sarat Raju and Karunya, 2018].
Power plants can be fueled by coal, natural gas, hydrogen, nuclear and green gas.
Currently, operators typically rely on conventional power plants (e.g. coal- and
natural gas-fired power plants) to balance demand and supply, as they are dispatch-
able [González-Gómez et al., 2014]. This implies that the electricity can be supplied
on demand. The associated energy sources are discussed in section 4.2. Figure 4.1
provides a schematic overview of this energy technology’s interconnections.

Figure 4.1: System diagram of the interconnections of the power plant technology with re-
newable and conventional energy sources and supply

20
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4.1.2 Wind Technology

The wind energy generation technology generates renewable electricity. Wind en-
ergy is converted to electricity by the use of wind turbines. These wind turbines
can be realized on a small-scale or on a large-scale, in which case wind farms are
established. The siting of wind turbines can occur onshore or offshore [Pareek et al.,
2020]. Figure 4.3 provides a schematic overview of this energy technology’s inter-
connections.

Figure 4.2: System diagram of the interconnections of the wind and solar technology with
renewable (green) energy sources and supply

However, there are challenges involved regarding the implementation of large-scale
wind energy. First, the realization of on- and offshore wind farms on a large-scale
brings along challenges regarding costs, operation and public acceptance [Laden-
burg et al., 2020]. Moreover, the electricity generation by wind is location spe-
cific, highly intermittent, non-dispatchable and only predictable to a limited extent
[Collins et al., 2017]. This causes challenges to occur with grid operators when
scheduling power generation. Wind turbines are among the most capital-intensive
and lowest cost to operate [González-Gómez et al., 2014]. Once the turbines are
realized, the least-cost approach is to run them as much as possible. As electricity
supply and demand must always balance, electricity systems require technologies
that can offer generation flexibility in response to wind. Generation flexibility refers
to the extent to which power technologies can respond to changes in the residual
load on different timescales [González-Gómez et al., 2014].

4.1.3 Solar Technology

Solar energy generation technologies also generate renewable electricity. Solar en-
ergy can be used to generate electricity via technologies like photovoltaic (PV) pan-
els and concentrating solar power (CSP) [Pareek et al., 2020]. Solar energy systems
range from large-scale solar farms to small-scale application for buildings. There-
fore, solar energy systems can be either centrally or decentrally generating electric-
ity, providing the possibility for consumers to deliver electricity back to the grid
[Devabhaktuni et al., 2013]. Figure 4.3 provides a schematic overview of this energy
technology’s interconnections.

Figure 4.3: System diagram of the interconnections of the wind and solar technology with
renewable (green) energy sources and supply

However, similar to with wind energy, there are challenges involved regarding the
implementation of large-scale solar energy. Similarly, the realization of solar farms
on a large-scale brings along challenges regarding costs, operation and public accep-
tance [Ladenburg et al., 2020]. Furthermore, the implementation of decentralized
solar requires investments of homeowners and an adapted electricity grid. More-
over, the same challenges apply as mentioned in the previous section with regard
to the intermittent nature of wind and solar energy and therefore flexibility tech-
nologies are required.
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4.1.4 Combined Heat and Power Plants

The utilization of CHP plants as a source for both electricity and heat supply is very
common and therefore the technology is mature. CHP plants produce both elec-
tricity and usable heat and are therefore a coupling element, as discussed in 2.2.1.
Chemical energy from fuels is conversed to mechanical and thermal energy. The me-
chanical energy provides power to the generator, while the thermal energy is used
for DH systems or to produce high-pressure steam for further systems operations.
The ratio between the generated electricity and thermal energy can be controlled
by the system operator [Mazhar et al., 2018]. Compared to conventional, separated
electricity and heat production, CHP plants achieve a higher energy efficiency, less
fuel consumption and less carbon footprint [Sayegh et al., 2017]. Similar to power
plants, operators rely on CHP plants to balance demand and supply, as they are
dispatchable. CHP plants are often operating as base load producers and can cost-
effectively supply heat and electricity during summer and winter [Winterscheid
et al., 2017]. Times with high power prices will create good market conditions for
CHP plants [Werner, 2017]. CHP plants can be fueled by natural gas, coal, waste,
biomass and green gas. These energy sources are discussed in section 4.2. Figure
4.4 provides a schematic overview of this energy technology’s interconnections.

Figure 4.4: System diagram of the interconnections of the CHP technology with renewable
(green) and conventional (blue) energy sources and supply

4.1.5 (Hybrid) Heat Pumps

Heat pumps transfer or ”pump” heat from a heat source to a heat sink, as they
lift low exergetic heat to a higher temperature by running a vapour compression
cycle [Fischer and Madani, 2017]. Electric heat pumps use electricity as an energy
input and therefore are a power-to-heat (PtH) technology and a coupling element,
as discussed in 2.2.1. Parameters such as the temperature, volume and flow of
the heat source will determine the possible efficiency of the heat pump [Lund and
Persson, 2016]. Furthermore, the coefficient of performance (COP) is a widely used
indicator for assessing the energy efficiency of heat pumps. The COP of a heat
pump in the heating mode is the ratio of the heat output (Qhp) of a heat pump to
its electrical energy input (Wcomp), as follows [Hepbasli, 2018]:

COP = Qhp/Wcomp (4.1)
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Air-source heat pumps generally have COPs ranging from 2 to 4, while water- and
ground-source heat pumps have COPs ranging from 3 to 5 [Dincer and Rosen, 2021].
If both consumed energy and usable energy are summed during a season, the
seasonal COP, which is also referred to as the seasonal performance factor (SPF)
is used. Within the EU, heat pumps are classified as renewable when their SPF
is greater than 2.5. Moreover, the EU definition aims to ensure that heat pumps
are merely classified as renewable, whenever their output exceeds the potentially
non-renewable primary energy input [Fawcett et al., 2015]. Figure 4.5 provides
a schematic overview of this technology’s interconnections. A distinction can be
made between individual and collective heat pumps.

Figure 4.5: System diagram of the interconnections of the heat pump technology with renew-
able (green) and conventional (blue) energy sources and supply

In order to individually supply heat, individual heat pumps can be used. In this
case, heat is supplied in a decentralized manner by implementing heat pumps in
buildings. In order for the individual heat pump to function properly, buildings
must be well insulated and have sufficient space. The benefits of the heat pumps in-
clude high efficiency and socio-economic competitiveness [Hedegaard and Münster,
2013]. The most considered source for individual heat pumps is ambient heat. This
energy source is discussed in section 4.2. Some individual heat pumps use addi-
tional gases besides their main heat source. These heat pumps are defined as hybrid
heat pumps. A hybrid heat pump combines a conventional heat pump and a con-
densing boiler. Therefore, the hybrid heat pumps is able to switch from electricity
to gas and reciprocally in order to satisfy heating demand, according to primary
energy minimization target or economic signals [Vuillecard et al., 2011]. These ad-
ditional gases could be hydrogen or green gas. These energy sources are discussed
in section 4.2.

Collective heat pumps can serve as input for DH systems. The lower supply temper-
ature needed from the heat pump, the higher efficiency [Lund and Persson, 2016].
Collective heat pumps can contribute to increasing the flexibility of the electricity
supply as the DH network offers available heat storage capacity. Whenever alterna-
tive options of DH sources are available, heat pumps can be operated when electric-
ity prices are low and shut down when prices are high [Averfalk et al., 2017]. The
use of heat pumps as integrated production units in DH systems can provide an
efficient and stable heat supply [Sayegh et al., 2017]. The most considered sources
for collective heat pumps are ambient heat and low-temperature industrial waste
heat. These energy sources are discussed in section 4.2.
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4.1.6 Boilers

A conventional boiler or heat-only boiler is a device that boils water to produce
steam. A boiler thus converts the chemical energy in fuel into the heat energy in
steam, or, when no firing is involved, the boiler converts the heat energy of hot
gases into the heat energy in steam. Boilers are made in various shapes and sizes
in order to burn various fuels. Boilers are a mature energy technology, the earliest
form of a boiler is a kettle. The use of boilers do not require buildings to be as
well insulated compared to when heat pumps are used [Rayaprolu, 2009]. Boilers
can be fueled by natural gas, hydrogen, solar, biomass and green gas. These energy
sources are discussed in section 4.2. Whenever green hydrogen is used as a source
for boilers, an interconnection can be formed between the electricity and heating
sector, as green hydrogen is produced with electricity surpluses. Moreover, boilers
can also use electricity as an energy source, in which case the boiler is an electric
boiler (E-boiler). An E-boiler converts electricity into heat and therefore is a PtH
technology and a coupling element, as discussed in 2.2.1. The E-boiler can provide
flexibility to the electricity grid. Whenever electricity surpluses are available and
the heat demand is low, the E-boiler stores the heat in a buffer. E-boilers are charac-
terized by a relatively low investment, but are much more sensitive to the electricity
price because they are expected to have an efficiency of 99,99% (COP of 1) [Vatten-
fall, 2021a]. Figure 4.6 provides a schematic overview of this energy technology’s
interconnections.

Figure 4.6: System diagram of the interconnections of the boiler technology with renewable
(green) and conventional (blue) energy sources and supply

A distinction can be made between individual and collective boilers. In order to
individually supply heat, individual boilers can be used. In this case, heat is sup-
plied in a decentralized manner by implementing boilers in buildings [Rayaprolu,
2009]. In this report, for simplicity the use of biomass in individual boilers rep-
resents the individual combustion of biomass for heat. For boilers, buildings are
required to implement much less extensive insulation compared to for individual
heat pumps and DH. Moreover, collective boilers can be connected to a DH network
in order to supply heat. Collective boilers provide a way to supply heat for large
scale-application [Rayaprolu, 2009].

4.1.7 Hydrogen Production and Storage Technology

The production and storage of hydrogen are energy technologies that can be in-
volved in the future energy system. The main challenge in utilizing hydrogen as
a fuel is its production in pure form. There are different technologies used for
production of pure hydrogen. A distinction is made between green, blue and gray
hydrogen. Green hydrogen involves hydrogen produced with RE sources, blue hy-
drogen involves hydrogen produced with conventional energy sources in combina-
tion with CCS, and gray hydrogen involves hydrogen produced with conventional
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energy sources [Pareek et al., 2020]. Hydrogen can be produced from a wide vari-
ety of sources such natural gas, coal, biomass and electricity [Quintel, 2019]. These
energy sources are discussed in section 4.2.

Steam reforming is a highly developed hydrogen production process to extract hy-
drogen from fossil fuel stocks, such as natural gas and coal. Methane reacts in
the presence of a catalyst with steam at a high temperature to provide a mixture
of hydrogen and other gases. The unwanted gases (including CO2) are then sepa-
rated by further reactions and the hydrogen thus obtained is purified to meet the
industrial standard. This technique is already being used extensively, but mainly to
produce hydrogen for industrial use. Furthermore, biomass gasification is a mature
technology for the production of hydrogen from biomass. Moreover, hydrogen can
be produced from electricity surpluses generated by wind and solar energy through
electrolysis. In this technology, water is splitted into oxygen and hydrogen using
electric current [Quintel, 2019; Pareek et al., 2020]. Therefore, the production of
hydrogen through electrolysis can provide flexibility in the electricity sector. In this
research, a power-to-hydrogen efficiency of 66% is assumed for 2050 according to
Quintel [2019].

The storage of hydrogen can provide flexibility to the energy system and aid in
balancing energy supply and demand. Energy storage becomes increasingly impor-
tant with the increase of the share of fluctuating RE sources, such as wind and solar.
Finding a cost-effective method of storing hydrogen remains an indomitable chal-
lenge. Currently, hydrogen can be stored as compressed hydrogen, liquid hydrogen
and as storage material [Pareek et al., 2020; Niaz et al., 2015]. Figure 4.7 provides a
schematic overview of this energy technology’s interconnections.

Figure 4.7: System diagram of the interconnections of the hydrogen technology with renew-
able (green) and conventional (blue) energy sources and supply

4.2 energy sources
The energy technologies discussed in section 4.1 require the input of associated
energy sources in order to generate usable electricity or heat. In the following
sections, a description of the energy sources that play a role in the current and
future energy system is provided.

4.2.1 Natural Gas

Natural gas can be used as an energy source for power plants, CHP plants, boilers
and hydrogen production. Natural gas is considered to be the cleanest fossil energy
source [Mac Kinnon et al., 2018]. However, natural gas combustion cause higher
emissions of GHG and pollutants than RE sources. The usage of natural gas as
an energy source can play a role in supporting renewable resource integration by
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providing load balancing services, and supporting the use of gaseous RE sources
via the existing infrastructure of the natural gas system [Mac Kinnon et al., 2018].

4.2.2 Coal

Coal can be used as an energy source for power plants, CHP plants and hydro-
gen production. Coal is worldwide the most abundant energy source. However,
it is a high-emitting energy source, mostly composed of carbon and hydrocarbons,
which have a high energy density released through combustion [Gasparotto and
Da Boit Martinello, 2021]. Depending on the type of coal the combustion causes
various pollutants to be emitted. Although new coal-fired power plants use mod-
ern technologies that filter the flue gases in stacks, pollutants are still being emit-
ted in several times higher amounts than natural gas fired and other power plants
[Shahzad Baig K and Yousaf M, 2017].

4.2.3 Nuclear

Nuclear energy can be used as an energy source for power plants. Nuclear energy
is sometimes viewed as a major opportunity for the decarbonization of energy sys-
tems as it is a low-carbon energy source. In nuclear power plants, electricity is
efficiently obtained from nuclear fission processes, due to the usage of the cohesion
of the subatomic particles of radioactive materials [Obregón et al., 2019]. The energy
produced by nuclear is viewed as renewable. Nuclear power plants include built-in
physical barriers to prevent the escape of radioactive isotopes into the environment.
However, safety issues and the radioactive waste that nuclear generates still bring
about public concerns. These concerns are mainly caused by the occurrence of nu-
clear accidents, such as the well-known Chernobyl (1986) and Fukushima Daiichi
(2011) events that released high amounts of radioactive isotopes into the environ-
ment. Moreover, nuclear waste is highly radioactive and can not be stored in an
easy, safe and permanent manner. High-level radioactive waste persists in the envi-
ronment for up to one hundred thousand years, which makes safe storage almost
impossible [Prăvălie and Bandoc, 2018]. According to Prăvălie and Bandoc [2018]
the role of nuclear in the energy system is uncertain as climate and energetic advan-
tages are outweighed by the disadvantages associated to radioactive pollution.

4.2.4 Biomass

Biomass can be used as an energy source for CHP plants, boilers and hydrogen
production. Biomass is a collective term for a wide range of various biomass fuels
and is considered to be a RE source. Biomass is used as a fuel in form of wood
fuels, forest waste, biofuels and biogas [Sayegh et al., 2017]. Biomass can be used
as an energy source in a stand-alone or hybrid manner. Most research and studies
focus on techno-economic analysis of the substitution of conventional sources with
this renewable source [Mazhar et al., 2018]. However, recent debates regarding the
use of biomass as a renewable energy source point to a lack of public support [PBL,
2020a]. The following two sections discuss waste and green gas. These sources
relate to biomass, as part of the waste used for waste incineration is biogenic and
green gas is produced from biomass. However, it has been chosen to discuss these
two sources separately, as their fuel flows are separately included within the system
diagrams.
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4.2.5 Waste

Waste can be used as an energy source for CHP plants. European waste manage-
ment has the clear aim to ”move up the waste hierarchy”. Therefore energy recovery
from waste or waste-to-energy (WtE) could be beneficial in order to avoid landfills.
WtE technology involves any waste treatment process that uses waste as a fuel in or-
der to produce energy in the form of heat and power [Rudra and Tesfagaber, 2019].
Commonly, waste incineration plants are constructed as CHP plants providing the
possibility to both generate electricity and recycle the heat output [Werner, 2017].
Waste is combusted at high pressure in a boiler or furnace, forming hot combus-
tion gas, oxygen, flue gas, and ash. Hot flue gas products are subsequently used
to generate electricity and heat. This technology is widely used in developing and
developed countries [Consonni et al., 2017]. The combustion of waste is classified
by the Dutch government for 51% as renewable, in proportion to the biogenic part
of the waste [RSW, 2022].

4.2.6 Green Gas

Green gas can be used as an energy source for power plants, CHP plants and boil-
ers. Sometimes green gas is considered to become part of the future energy system,
not merely as an energy carrier, but also as a means to balance supply and demand
of energy [Bekkering et al., 2015]. Green gas can be produced through biomass
fermentation and dry or wet gasification. Biomass fermentation produces biogas,
which can be used directly for heat or electricity supply, but can also be upgraded
to green gas before being introduced into the gas network. In dry gasification, dry
biomass is gasified at high temperatures, a kind of combustion with a shortage of
oxygen. The gasification route offers a lot of flexibility when it comes to possible
follow-up routes and end products to be manufactured (green gas, hydrogen, trans-
port biofuels and more). In the case of green gas production, gasification is followed
by methane synthesis and upgrading to natural gas quality green gas. Wet gasifica-
tion or super-critical water gasification (SCW) converts wet biomass into green gas
under a higher pressure and temperature [Quintel, 2019]. However, as green gas is
produced from biomass, a similar lack of public support is involved [PBL, 2020a].

4.2.7 Hydrogen

Hydrogen can be used as an energy source for power plants and boilers. Hydro-
gen is the highest heat-burning gas of all-natural fuels and is considered a non-
renewable or renewable source depending on the production process. Therefore,
as mentioned before, a distinction is made between green, blue and gray hydrogen.
An important characteristic of hydrogen is that the molecules do not contain other
chemical elements. Therefore, the combustion product is solely water, causing hy-
drogen to be viewed as an ideal clean energy resource. In recent years, the scientific
community has been involved in facilitating the introduction of hydrogen into en-
ergy systems. Hydrogen power plants can be deployed flexibly and can therefore
play a role in balancing the sustainable energy system of the future [Wang et al.,
2019]. The production and storage of hydrogen is discussed in section 4.1.7.

4.2.8 Wind

Wind can be used as an energy source for wind turbines. Wind energy has an
intermittent nature. The winds are mainly produced by the convective effect that is
induced by solar heating of earth’s surface. Therefore, wind energy largely depends
on geological location and season [Pareek et al., 2020].
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4.2.9 Solar

Solar can be used as an energy source for solar technologies. Similar to wind, its
nature is intermittent. Solar energy is obtained from the natural resource the sun.
Therefore, solar energy also largely depends on geological location and season [Pa-
reek et al., 2020].

Moreover, solar thermal heat can serve as input for boilers. Solar thermal heat pro-
duces hot water from sunlight by the absorption of solar irradiation. Solar energy
is captured by solar collectors, of which two main types of collector are used: flat
plate and evacuated tube collectors. Subsequently, the solar energy is converted
to heat via a heat-transfer fluid, such as propylene glycol. The fluid is often circu-
lated through the system by the use of an electric pump and transfers the heat to
a storage cylinder where it is used to produce hot water [Greening and Azapagic,
2014]. Efficiency improvements are required to increase the amount of generated
heat, especially in regions with low solar irradiation [Mazhar et al., 2018].

4.2.10 Ambient Heat

Ambient heat can be used as an energy source for individual and collective heat
pumps. There are multiple types of ambient heat such as air, ground and wa-
ter (aquathermal). Therefore, air source heat pumps (ASHP), ground source heat
pumps (GSHP) and water source heat pumps (WSHP) are developed. The ASHP
absorbs energy from the air, while the GSHP and WSHP absorb energy using a
dedicated borehole or network of buried pipes [Fischer and Madani, 2017].

4.2.11 Industrial Waste Heat

Industrial waste heat can be used as an energy source for DH either directly (high-
temperature) or via the use of collective heat pumps (low-temperature). According
to the principle of the trias energetica, the industry first focuses on saving energy
consumption, then on the efficiency of its own energy consumption and finally on
internal reuse of own residual heat [RES Noord-Holland Zuid, 2021]. The high-
temperature industrial waste heat that is left after this can be used for DH. If the
temperature of the industrial waste heat is lower than the temperature level in the
DH network, a heat pump is required in order to increase the temperature to the
required level [Lund and Persson, 2016]. Industrial waste heat can be available
from industry, data centers and other companies. The recovery of industrial waste
heat could increase the efficiency of the industrial sector and the DH system in a
cost-efficient way while reducing carbon en pollutant emissions [Fang et al., 2013].

4.2.12 Geothermal

Geothermal heat can be used as an energy source for DH. Geothermal energy uses
the thermal energy stored in the ground in order to supply heat. Typical geothermal
systems consist of heat exchangers, a compression or absorption ground source
heat pump and a peak water boiler [Sayegh et al., 2017]. In order to function, the
plants are installed in depth of 800–3000 m underground. The temperatures at that
depth ranges between 30 and 90 °C with low salt levels. Most research focuses on
efficiency improvements and the hybrid use of geothermal heat [Mazhar et al., 2018].
Geothermal heat sources have relatively low efficiency, partly since they are used
in indirect heating. Moreover, they are often available at remote areas. Therefore
the heat is required to be transported to urban centres, which eventually increases
losses. Furthermore, geothermal heat sources require substantial investments due
to the drilling and equipment needed [Mazhar et al., 2018].
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4.3 district heating systems
In section 4.1 and 4.2, the energy technologies and associated sources of the current
and future electricity and heating sector of the built environment are discussed. DH
is part of these energy technologies. According to Werner and Frederiksen [2013],
the traditional idea of DH is ”to use local fuel or heat resources that would other-
wise be wasted, in order to satisfy local customer demands for heating, by using a
heat distribution network of pipes as a local market place”. DH thus enables energy
technologies and sources to be connected to the heat demand via DH networks. All
DH systems can be divided into a generation, transmission and distribution side
[Mazhar et al., 2018]. At the generation side, one or more DH sources provide heat,
with water as the medium of heat transfer. These DH sources are connected to a
transmission network of pipes. The transmission network covers the distance to the
distribution grid, where the heat is used by end-consumers. The size of a typical
DH grid may range from an entire city or region to a housing scheme connected
to a few houses. The implementation of a DH network requires the use of the sub-
soil. Therefore, the use of DH in places with little space in the subsoil (historic city
centers) is viewed as unattractive [Mazhar et al., 2018].

4.3.1 District Heating Sources

The main advantage of DH systems is its flexibility in the sources of heat at the
generation side [Sayegh et al., 2017; Mazhar et al., 2018]. Different DH sources can
be utilized in a common cycle, resulting in a hybrid system. This provides a sig-
nificant technological advantage and the potentials of further development [Sayegh
et al., 2017]. The design of a DH system requires a case-by-case approach in or-
der to fully take advantage of the available local energy. Various decentralized
and centralized DH sources can be used for the operation to a DH grid [Mazhar
et al., 2018]. These sources for DH are described in the sections above: CHP plants
(section 4.1.4), collective boilers (section 4.1.6), collective heat pumps (section 4.1.5),
industrial waste heat (section 4.2.11) and geothermal energy (section 4.2.12). By in-
cluding coupling elements such as CHP plants and heat pumps, DH is involved in
the sectoral coupling of the electricity and heating sector [Liu et al., 2016; Mitridati
and Pinson, 2016]. Usually DH systems combine RE sources with conventional en-
ergy sources and thermal storage [Ericsson and Werner, 2016].

Figure 4.8: System diagram of the interconnections of the district heating technology with
other energy technologies, renewable (green) energy sources and supply
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It is important to note that the lower the temperature of the DH network is, the
more insulation measures are required in connected buildings. DH sources such as
CHP plants, high-temperature industrial waste heat and geothermal result in a high-
temperature DH network. Low-temperature DH sources such as low-temperature
industrial waste heat or ambient heat are often connected to collective heat pumps
before connecting to the DH network [Werner and Frederiksen, 2013].

4.3.2 Thermal Storage

Two main gaps between thermal energy demand and supply exist in DH systems.
First, a gap is formed caused by the time difference between the generation and
consumption of thermal energy. This gap is caused by the integration of unpre-
dictable fluctuating RE sources and by the difference in cost of the thermal energy
during the day [Sayegh et al., 2017]. Secondly, a gap exists regarding the distance
between the generation plants and the consumers [Guelpa and Verda, 2019]. In
order to manage the gaps between thermal energy demand and supply, additional
thermal energy storage (TES) systems could be included in the DH system. A TES
consists of a storage medium, used to store thermal energy. DH provides several
sources of flexibility: the heat of the heat carrier, thermal storage devices and ther-
mal inertia of the buildings connected to the system. TES can serve as a heat source
at times of peak demand and as heat sink at times of low demand [Mazhar et al.,
2018]. Moreover, TES can be used for long term usages (seasonal storage) in order
to store the surplus heat in summer times for transition or winter times, although
this is currently relatively inefficient. One of the main barriers for the integration
of seasonal storage in urban DH networks is their high investment costs and the
connected investment risk considering long payback periods [Köfinger et al., 2018].

Storing heat is much easier and cheaper than storing electricity [Luc et al., 2020].
Due to the potential of heat storage capacity, DH could offer possibilities for in-
creasing the flexibility of the electricity system. Whenever PtH coupling elements,
such as collective heat pumps and E-boilers, are involved, electricity can be con-
verted into heat and stored within the TES. Collective heat pumps and E-boilers
have different roles within the energy system. Collective heat pumps are expensive,
but are less dependent on the electricity price compared to collective E-boilers be-
cause of their higher energy efficiency. They must therefore be able to run relatively
many hours to recoup the high investment. E-boilers are characterized by a rela-
tively low investment, but are much more sensitive to the electricity price because
they have a very low efficiency. This means that an E-boiler is only used during
those hours when the electricity price is very low, whenever there is much energy
from solar and wind. This is only a limited number of hours on an annual basis
[Luc et al., 2020; Kiviluoma and Meibom, 2010].

4.4 conclusion
In this chapter, the characteristics of the various energy technologies and sources re-
sult in interconnections between them, which are visualized in the system diagrams.
This chapter thus provides an overview of the potential interconnections between
energy sources and technologies. The first sub-question What are possible interconnec-
tions between energy sources and technologies of the Dutch electricity and heating sector?
is answered as follows:

Power plants, wind and solar technologies and CHP plants can be interconnected
with various energy sources. Therefore, these energy technologies can generate
electricity which results in an interconnection between these technologies and elec-
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tricity supply. CHP plants, heat pumps, boilers and DH systems can also be inter-
connected with various energy sources. Therefore, these energy technologies can
produce heat which results in an interconnection between these technologies and
heat supply.

Furthermore, there are also multiple interconnections between the electricity and
heating sector, through coupling elements. First, CHP plants supply both electricity
and heat and thus can function as a coupling element between these sectors. More-
over, heat pumps demand electricity to produce heat and therefore also function
as a coupling element. Third, hydrogen can by used as an energy source for boil-
ers. Green hydrogen can be produced by electricity surpluses generated by wind
and solar energy. As hydrogen boilers produce heat, an interconnection can thus
be formed between the electricity and heating sector. This is also the case with
E-boilers. Lastly, it is important to note that DH systems can use other energy tech-
nologies and various energy sources as input. Therefore, some coupling elements
can form an interconnection with DH systems. The usage of DH systems in combi-
nation with CHP plants, heat pumps and hydrogen/E-boilers thus can increase the
interconnections between the electricity and heating sector. Whenever heat pumps
and E-boilers are connected to a DH network, a relatively large heat buffer (TES)
can be available. Therefore, these coupling elements can increase the flexibility of
the electricity supply.



5 T R A N S I T I O N O F T H E N AT I O N A L
E N E R GY S Y S T E M

In this chapter, following from Dutch energy policy, the current Dutch electricity
and heating sector are mapped on a national scale. Subsequently, an analysis of
various scenarios regarding the future Dutch energy system of the built environ-
ment for 2050 is provided. The focus is on exploring and comparing the national
transition pathways available to the Dutch electricity and heating sector in order to
identify scenario trends. Therefore, the second sub-question How are the Dutch elec-
tricity and heating sector expected to transition according to the trends of existing national
energy scenarios for 2050? is answered. These expectations are used to determine the
impacts of the transition of DH. The third sub-question What is the expected impact
of the transition to renewable district heating on the Dutch electricity and heating sector
according to the trends of existing national energy scenarios for 2050? is answered. The
methods as discussed in chapter 3 are applied.

5.1 national energy policy
Energy policy is a subset of foreign policy, economic policy, and national and inter-
national security policy. Traditionally, the public goals for Dutch energy policy are
affordability, reliability and environmental responsibility [Kohl, 2004]. Therefore,
the National government aims to design the Dutch energy system in such a way
that these goals are achieved. According to the concepts of lock-in and path depen-
dency discussed in section 2.3, energy policy shapes the current and future energy
system. Some important developments in energy policy have occurred in order to
steer the Dutch transition pathway.

5.1.1 Natural Gas Dependency

Until recently, Dutch energy policy was dominated by natural gas policy, since natu-
ral gas has been the leading fuel in the Dutch economy. In the 1960s, the Groningen
natural gas field was discovered in the northeast of the Netherlands. This discovery
resulted in a large national dependency on low caloric natural gas. Moreover, the
Netherlands was an important natural gas supplier in North-West Europe, due to
the historic quantities of natural gas in the Dutch sub-soil [Miedema et al., 2018].
In 2005, the Dutch government announced its aim of turning the Netherlands into
the ’gas roundabout’ of Europe. The gas roundabout refers to ”a hub to which
gas is transported and then stored for distribution to foreign buyers” [Algemene
Rekenkamer, 2012]. With this gas roundabout, the Dutch government wanted to
position the Netherlands as a hub at the centre of international gas flows and as
the gas distribution centre for northwest Europe. Therefore, the long-term supply
of natural gas to the Netherlands could be secured. Moreover, it could strengthen
the international competitiveness of the Netherlands and increase employment op-
portunities [Algemene Rekenkamer, 2012]. However, in 2018 the Dutch government
decided to gradually phase out gas extraction as the consequences of gas extraction
in Groningen are no longer socially acceptable. Therefore, the Dutch export posi-
tion has changed into a net dependency on natural gas imports. The dependency on
natural gas has led to an infrastructural lock-in of the Dutch energy system, which
causes change to be difficult [Miedema et al., 2018]. The current electricity and
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heating sector are mainly built on an infrastructure dependent on natural gas. The
infrastructure includes plants, transmission and storage systems, transport systems
and city structures [Vadén et al., 2019].

5.1.2 National Energy Agreement

In 2013, the National Energy Agreement was established with the aim to supply
more renewable energy in the Netherlands. Important pillars were the increase of
the share of RE sources, energy efficiency improvements and decentralized energy
generation. With a share of 4% renewable energy, the Netherlands was lagging
behind in Europe. With a successful implementation of the agreement, the Nether-
lands planned to get back on track, achieve European goals and boost the economy
and employment [SER, 2013]. In recent years, governments have provided incen-
tives to support these pillars, such as the SDE subsidy [Pareek et al., 2020].

5.1.3 National Climate Agreement

Currently, the Dutch Government is aiming to achieve substantial carbon emission
reductions, in line with the Paris Agreement [UNFCC, 2015], established in 2015.
The Dutch Climate Mitigation Act obliges the Netherlands to achieve 49% carbon
emission reduction by 2030 and 95% by 2050, compared to 1990. To implement
climate measures, the Dutch National Climate Agreement was implemented in
2019 by the Dutch governments. The Dutch National Climate Agreement Agree-
ment builts further on the National Energy Agreement [Rijksoverheid, 2019]. In
this agreement, it is stated that the Dutch national government aims for ’no-regret’
alternatives, which are alternatives that do not involve hard trade-offs with other
policy objectives and are cost-effective now and under a range of future climate
scenarios. The national objectives are meant to be achieved by phasing-out fossil
energy sources and increasing the share of RES. For electricity supply, wind and
solar are stimulated. Furthermore, an integrated national hydrogen system is de-
sired to be realized. The National Climate Agreements states that in the long term
(2050), hydrogen will have to fulfill a number of crucial functions in the energy sys-
tem including adjustable renewable electricity generation, energy storage for longer
periods, and energy transport over longer distances.

5.2 current national electricity and heating flows
National energy policy as described in the previous section has shaped the current
Dutch energy system. In this section, the electricity and heating sector of the built
environment are mapped. The year 2019 is considered the base year of this analysis,
as this is the most recent year with a complete data set. The energy system of the
base year will be referred to as the current energy system.

5.2.1 Interconnections of System Components

In order to present an overview of the current energy system, a system diagram
is depicted in figure 5.1, which visualizes the interconnections between the system
components and the direction of the energy flows. The colour indication as dis-
cussed in section 2.2 is used for all system diagrams.

The current Dutch energy sources are of a conventional (blue) or renewable (green)
nature. Fluctuating RE sources, such as wind and solar generate electricity which
feeds into the electricity grid (yellow). Moreover, nuclear, coal, natural gas and
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Figure 5.1: System diagram of the interconnections between the system components of the
Dutch electricity and heating sector for the built environment in 2019. Data
sources: PBL [2020b]; TNO [2020c]; Eurostat [2019]

biomass are energy sources utilized in power plants. Furthermore, coal, natural
gas, biomass and waste incineration energy sources are connected to CHP plants,
which generate both electricity and usable heat. The electricity feeds into the elec-
tricity grid, while the heat is utilized within the DH network, with water as the
medium of heat transfer. The generated electricity is used for fulfilling electricity
demand, electricity import/export supports in balancing supply and demand. The
heat generated by the CHP provides the heat supply for the DH network. Indus-
trial waste heat is either connected to heat pumps or directly connected to the DH
network. The DH network eventually provides heat to supply the heat demand.
Furthermore, ambient heat is provided to individual heat pumps, which can sup-
ply heat to fulfill heat demand. Both types of heat pumps additionally require
electricity from the electricity grid. Lastly, natural gas, solar and biomass are used
as a source for heat supply via boilers or directly.

5.2.2 Quantified Energy Flows

In order to visualize the energy flows of the system in a quantified manner a sankey
diagram is depicted in figure 5.2. It becomes evident that the dependency on natu-
ral gas discussed in section 5.1.1 in the current energy system still shows. However,
various RE sources are used for both the supply of electricity and heat. The use of
RE source is mainly present within the DH system. In every sankey diagram, the
vertical red line represents the heat demand, the vertical light blue line represents
the electricity demand and the vertical dark blue line represents electricity export.

The final energy supply for electricity in the built environment currently consist
largely of natural gas-fired plants with a share of 55%. Furthermore, several sources
for electricity are coal, wind, solar, nuclear and biomass, of which coal contributes
the most. Besides wind and solar, these sources all generate electricity via power
plants. 14% of the supplied electricity is imported. The share of RE sources within
the electricity sector of the built environment on a national scale is 19%.
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Figure 5.2: Sankey diagram of the energy flows in PJ between the system components of
the Dutch electricity and heating sector for the built environment in 2019. Left
side represents supply, right side represents demand. Data sources: PBL [2020b];
TNO [2020c]; Eurostat [2019]

The biggest energy source for supplying heat is also natural gas with 89%, provided
by individual boilers. Furthermore, DH, biomass, individual heat pumps using am-
bient heat and solar boilers provide heat. The share of RE sources within the heating
sector of the built environment on a national scale is 7,5%.

Multiple sources are used in different amounts for the DH supply, namely natural
gas, biomass, waste incineration, coal and industrial waste heat. Natural gas-fired
CHP plants are the largest contributor to DH supply with 52%. Moreover, biomass-
and waste incineration-fired CHP plants both contribute to the DH supply with
19%. Furthermore, 5% of the DH supply is contributed by coal-fired CHP plants
and industrial waste heat (via collective heat pumps). According to TNO [2020c],
the data regarding industrial waste heat is not separately publicly available due to
the small number of suppliers and unpublished data by CBS. However, TNO [2020c]
deduced from the heat labels that in 2018 the contribution of industrial waste heat
was approximately 1 PJ. This data is therefore also used for 2019. The share of RE
sources within district heating on a national scale is 33,5%.

5.3 future national energy system scenarios
Now that the current national energy system is mapped, it is of interest how the
future national energy system is expected to function. Therefore, various energy
scenarios for 2050 are analyzed derived from scenario reports. The considered en-
ergy reports are ’Klimaatneutrale energiescenario’s 2050’ by Berenschot & Kalavasta
[2020] and ’Scenario’s voor een Klimaatneutraal Energiesysteem’ by TNO [2020b].
The two scenario reports provide an image of the future for the entire Dutch energy
system. These reports are chosen specifically for three main reasons. First, they fo-
cus on long-term scenarios (2050) for the Netherlands. Second, they are published
in 2020 and therefore include the most recent policy, economic and technical devel-
opments. Third, these reports are published by independent research groups. The
sections below provide a short description of the reports.
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5.3.1 Klimaatneutrale Energiescenario’s 2050 by Berenschot & Kalavasta (2021)

The report ‘Klimaatneutrale Energiescenario’s 2050’ by Berenschot & Kalavasta [2020]
is requested by the Dutch Ministry of Economic Affairs and Climate. This report
considers four carbon neutral scenarios for 2050: the Regional, National, European,
and International scenario, created within the Energy Transition Model by Quintel
[2019]. The scenarios are designed to show the four corners of the energy system
playing field, between which development can move in practice. They differ with
regard to the scale level at which the Dutch energy transition is mainly managed
and how residents and companies respond to this. [Berenschot & Kalavasta, 2020].

5.3.2 Scenario’s voor Klimaatneutraal Energiesysteem by TNO (2021)

Moreover, the report ‘Scenario’s voor Klimaatneutraal Energiesysteem’ by TNO
[2020b] will be considered in which TNO has created two carbon neutral scenarios:
ADAPT and TRANSFORM. The scenarios were used to study the major changes in
the Dutch energy system that are required to occur in order to reach the national
climate goals for 2050. The difference between the ADAPT and TRANSFORM sce-
nario lies in the difference in intrinsic motivation of residents and companies. In the
ADAPT scenario, the Netherlands builds on the current economic strength and de-
cisions are based on protecting and preserving the present lifestyle. In the TRANS-
FORM scenario, the Netherlands is prepared to drastically change behavior and
switch to a clean, energy-efficient economy with new innovative technologies. This
causes the Netherlands to become less energy-intensive.

5.4 driving forces of the scenarios
The qualitative story lines behind the scenarios are studied in order to determine
the driving forces for every scenario. Driving forces are the main factors influenc-
ing future developments of a system. Main categories of driving forces in envi-
ronmental scenarios include political, demographic, economic, technological and
social-cultural drivers [Alcamo and Henrichs, 2008]. In all scenarios, there are some
drivers that are overarching.

• Political driver: achievement of the national climate objectives

• Political driver: closure of all nuclear and coal-fired power stations 1

• Demographic driver: population growth

• Economic diver: economic growth

• Technological driver: technological development (efficiency improvements and
innovation)

5.4.1 Regional Scenario

In this scenario, the Dutch government outsources the governance of the energy
transition largely to provinces and municipalities. The objective is to fully decar-
bonize and become self-sufficient. Provinces and municipalities are given the re-
sources and responsibility to lead the energy transition. The regional authorities
take a lot of initiatives to maximize regional potential, but regions are not necessar-
ily autonomous in their energy supply. Due to the regional management, energy
projects with large investment costs are less obvious. Because the provinces and

1 The use of nuclear power plants within the national Dutch energy system is currently subject of discus-
sion with the National government. This development is not included within the national scenarios.
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municipalities are committed to being self-sufficient, storage is available on a large
scale in this scenario. Moreover, due to the regional focus, residents are highly
aware of the environment and local initiatives. Residents and companies are ac-
tively involved in projects initiated by local government bodies, such as solar PV,
collective district heating and geothermal. Moreover, residents and companies are
supported by the local government to realize sustainable initiatives, such as home
insulation. The pressure from society and regions on the national government to
impose strict regulations in terms of sustainability and circularity, will increase
[Berenschot & Kalavasta, 2020]. The following driving forces are thus identified:

• Political driver: governance on a local level (provinces and municipalities)

• Political driver: self-sufficient

• Socio-cultural driver: high level of public environmental awareness

5.4.2 National Scenario

In this scenario, the national government takes the lead. Objectives are to achieve
high levels of self-sufficiency, sustainability and circularity. A result of this is a
decrease in the number of small-scale initiatives that are initiated by residents and
companies. A clear climate-neutral vision up to 2050 will enable large-scale projects
to be realized in which the national government covers the risks. This will lead
to projects with high start-up costs, such as large-scale offshore wind and a na-
tional hydrogen infrastructure. This has major implications for the spatial policy of
provinces and municipalities. The construction of large-scale onshore and offshore
wind farms and solar farms are examples of measures that can have a significant
spatial impact [Berenschot & Kalavasta, 2020]. The following driving forces are thus
identified:

• Political driver: governance on a national level

• Political driver: high level of self-sufficiency

• Economic driver: national government covers risks of large-scale projects

5.4.3 European Scenario

In this scenario, the focus lies more on European governance, which is a political
driver. A CO2 tax will be introduced on a European scale. This tax concerns all sec-
tors and therefore goes beyond the current ETS, which is only for energy-intensive
industry and electricity producers. The CO2 tax will increase progressively towards
2050. The speed of the energy transition is therefore directly correlated with the
increase in the CO2 tax and the availability and price of renewable alternatives. Eu-
rope supports its own industries and mutual solidarity between countries is high.
This strengthens the pentalateral electricity market. The Netherlands will import
energy from abroad, with a preference for renewable energy of European origin.
Projects and initiatives will only come about if this can be substantiated by a pos-
itive business case. Hydrogen in combination with CCS plays a role in resolving
electricity imbalances [Berenschot & Kalavasta, 2020]. The following driving forces
are thus identified:

• Political driver: governance on an European level

• Political driver: dependent on imported energy

• Economic driver: European CO2 tax

• Economic driver: open European energy market (electricity, hydrogen, biomass)
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5.4.4 International Scenario

This scenario is based on a fully open international energy market at global level,
with a strong climate policy being pursued. The Netherlands is not self-sufficient
and thus dependent on imports. There will be strong international collaborations
and no import tariffs, quotas or other measures in place inside or outside Europe
that could hinder trade. Therefore, there will be an advanced international infras-
tructure (within Europe) for the exchange of energy carriers. The Netherlands will
have infrastructures with strategic reserves to enable the transport and storage of
various renewable energy carriers in very large volumes, such as biomass and hy-
drogen. The Netherlands focuses on its knowledge economy. The technologies
developed here can be used abroad and therefore the Netherlands exports knowl-
edge and imports renewable energy carriers on a large scale. Renewable energy
is generated on a large scale at techno-economically strategic locations worldwide.
Within the Netherlands, this means that offshore wind will mainly be realized. Out-
side the Netherlands, for example, this results in large-scale solar farms and/or
biomass production in sparsely populated areas. Hydrogen in combination with
CCS plays a role in resolving electricity imbalances [Berenschot & Kalavasta, 2020].
The following driving forces are thus identified:

• Political driver: governance on a global level

• Political driver: dependent on imported energy

• Economic driver: fully open international energy market (electricity, hydro-
gen, biomass)

5.4.5 ADAPT Scenario

In this scenario, the Netherlands is building on its current strengths. There is a con-
servative attitude. For decades, oil, coal and gas have provided a strong industry,
a strong transport and logistics sector, a reliable electricity supply and comfortably
heated houses. As residents opt for security, sustainability is considered less impor-
tant. Therefore, the current system is adapted and optimized. National and local
governments take the lead and guide residents and companies with concrete pol-
icy measures. In this scenario, there are no major social objections to use of fossil
fuels in combination with CCS. Also, import of biomass is socially accepted [TNO,
2020b]. The following driving forces are thus identified:

• Political driver: governance on a local and national level

• Socio-cultural driver: conservative attitude

• Socio-cultural driver: medium level of public environmental awareness

5.4.6 TRANSFORM Scenario

In this scenario, the Netherlands and Europe are leading the way in the transition
to a renewable energy system. There is a progressive attitude and a high level of
awareness. The awareness of the residents regarding their energy use and their CO2

footprint leads to behavioral change and all kinds of sustainable initiatives, which
are supported by the local governments. The Netherlands has a strong knowledge
infrastructure and innovative businesses. Because residents being more environ-
mentally aware and acting accordingly, the energy demand decreases. Companies
are also taking initiatives to an ambitious transformation by replacing existing pro-
cesses with sustainable alternatives. There is no public support for CCS and the
import of biomass stays limited [TNO, 2020b]. The following driving forces are
thus identified:
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• Political driver: governance on a local, national and European level

• Socio-cultural driver: progressive attitude

• Socio-cultural driver: high level of public environmental awareness

5.5 trend identification
The driving forces of the scenarios addressed in section 5.4 shape the structure of
the scenario’s energy systems. In this section, the current energy system (base case)
discussed in section 5.2 is compared with the energy systems of the six scenarios.
Resulting from this comparison, various scenario trends are identified. The scope of
the scenarios from the reports includes the total energy demand of the Dutch energy
system. However, the scope of this scenario analysis is the heat and electricity
demand of the built environment specifically (see section 3.1.1).

5.5.1 Energy Systems of the Scenarios

The energy systems of the scenarios are presented both in terms of the interconnec-
tion of system components and quantified energy flows in appendix A. Figure 5.3
shows the comparison between the system diagrams of the current energy system
(base case) and the international scenario energy system. This comparison is chosen
as an example, as this scenario also includes all interconnections that are included
in the the other scenarios. Only the connection between green gas and individual
heat pumps is not included in this scenario. The figure illustrates that major sys-
tem changes can be required for a future decarbonized energy system. Figure 5.4
shows the comparison between the sankey diagrams of the current energy system
and the international scenario energy system. This figure illustrates the major dif-
ferences between the two energy systems in terms of quantified energy flows. By
comparing the diagrams of all of the scenarios with the base case and among each
other, certain trends can be determined. The following sections will elaborate on
the identified trends regarding final energy demand, electricity supply, heat supply
and DH supply.

(a) Base Case (2019) (b) Future International Scenario (2050)

Figure 5.3: System diagrams of the interconnections between the system components of the
Dutch electricity and heating sector for the built environment in the base case
and international scenario for 2050



5.5 trend identification 40

(a) Base Case (2019) (b) Future International Scenario (2050)

Figure 5.4: Sankey diagrams of the energy flows in PJ between the system components of
the Dutch electricity and heating sector for the built environment in the base case
and international scenario for 2050. Left side of each diagram represents supply,
right side represents demand.

5.5.2 Final Energy Demand

The diagrams of the scenarios as presented in appendix A show clear trends with
regard to the energy demand of the built environment. Both the total final energy
and the heat demand are lower for all scenarios compared to the current energy
system and thus decrease. Moreover, the final electricity demand for the built envi-
ronment is higher in all scenarios and thus increases. Figure 5.5 presents the final
energy, electricity and heating demand for the base case and the scenarios.

Figure 5.5: Final energy demand of the built environment in the base case (2019) and scenar-
ios (2050)

The identified trends regarding the final energy demand in 2050 are summarized
below:

• Decrease in the final energy demand

• Increase in the final electricity demand

• Decrease in the final heat demand
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Reflection

The expected decrease of the final energy demand can be explained by technologi-
cal development such as efficiency improvements. Currently, energy efficiency mea-
sures are increasingly promoted by policy makers and environmental associations
[Ebrahimigharehbaghi et al., 2019]. The past years, a decrease in energy demand
of the Dutch built environment has been observed by CBS [2019a]. The expected
decrease is thus plausible. The level of public environmental awareness can also
play a role in this [Steg et al., 2018]. However, unexpectedly the scenarios which
are driven by a high level of public environmental awareness, do not experience
the largest decrease in energy demand. This can be the result of other contextual
factors, such as institutional arrangements and access to technology, products, ser-
vices [Steg et al., 2018]. The decrease in heating demand can be explained by the
electrification of the heating sector through the implementation of large-scale elec-
tric heating alternatives, which explains the increase of the electricity demand. The
scenarios all assume the electricity grid to have sufficient capacity for the increased
electricity demand and associated supply. However, upgrading the grid causes chal-
lenges regarding investments and planning [Netbeheer Nederland, 2019].

5.5.3 Energy Sources for Electricity Supply

The energy sources used for electricity supply vary per scenario. Figure 5.6 presents
the energy sources for electricity supply for the base case and for every scenario. An
important trend is the decrease of natural gas-fired plants. Only in the ADAPT and
TRANSFORM scenario these plants still contribute a little to the electricity supply.
Besides the reduction in the use of natural gas, the elimination of coal and biomass
power and CHP plants and nuclear power plants is a trend in all scenarios. Lastly,
the scenarios vary heavily with regard to the imported electricity.

The electricity supply gap that emerges due to these trends is filled by renewable
sources, especially wind and solar. Both of these sources experience a significant
increase in all scenarios. Therefore, the scenarios show a unanimous expectation for
the functioning of wind and solar as backbone for the future electricity supply. In
five out of six scenarios, the contribution of solar to the electricity supply is larger
then the contribution of wind. This is mainly due to the large expected increase
in decentralized solar PV installations in the built environment, as depicted in fig-
ure 5.7. Moreover, some scenarios additionally expect waste incineration, green gas
and hydrogen to contribute to the electricity supply. These contributions are rela-
tively insignificant in terms of percentages. However they do affect the system’s
interconnections. Two scenarios (regional & national) involve green hydrogen as
a relatively small source for electricity generation and storage. The hydrogen is
produced with electricity surpluses. One scenario (international) involves blue hy-
drogen as a source for electricity generation and storage, in which the hydrogen is
produced mainly from natural gas in combination with CCS. The identified trends
regarding energy sources for electricity supply in 2050 are summarized below:

• Large decrease in the contribution of natural gas fired power and CHP plants
to the electricity supply

• Elimination of coal and biomass power and CHP plants and nuclear power
plants as a source for electricity supply

• Increase in the contribution of wind and solar to the electricity supply, espe-
cially decentralized solar

• Additional electricity supply through waste incineration and green gas CHP
plants, hydrogen power plants and import, in order to compensate imbalances
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Figure 5.6: Mix of energy sources for electricity supply in the base case (2019) and scenarios
(2050)

Figure 5.7: Centralized and decentralized solar energy for electricity supply in the base case
(2019) and scenarios (2050)

Reflection

The scenarios all expect electricity generation through fossil fuels and biomass to
be phased out. The elimination of biomass plants can by caused by the lack of
public support regarding the use of biomass [PBL, 2020a]. Even scenarios assum-
ing a low/medium level of public environmental awareness, eliminate biomass as
an electricity supply source. The large decrease in the contribution of natural gas
plants to the electricity supply and the elimination of coal and nuclear energy plants
are explained by the political driver of all scenarios to achieve the national climate
objectives [Rijksoverheid, 2019].

This also explains the increase in the contribution of wind, solar, green gas, and
hydrogen to the electricity supply. These future sources all have challenges as dis-
cussed in section 4.1. Taken this into account, the expected necessary wind and
solar capacities are remarkable. A minimum of 10 GW onshore and 27,5 GW off-
shore wind capacity is expected. As in the base case this capacity is approximately
3,5 GW and 1 GW respectively this seems like quite a challenge [CBS, 2019b]. Espe-
cially, considering that national wind capacity objectives of 2020 were not achieved
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[RVO, 2020]. Moreover, solar energy is mainly expected to generate electricity in a
decentralized manner and the minimum contribution is expected to increase about
fourfold. The international scenario expects solar to be a less important contribu-
tor, as a driver is a fully open international market at global level. Therefore, RE
is generated on a large scale at techno-economically strategic locations. Within the
Netherlands, this means that solar panels are not attractive to install, while offshore
wind farms are [MacKay, 2013]. In other scenarios the solar increase leads up to 18

times the current capacity. This raises questions considering the feasibility of the
required solar panel capacity. The increase of solar can be explained by the high
environmental awareness of residents, which may stimulate homeowners to install
solar panels. The expected contribution of decentralized solar is even high in scenar-
ios in which a conservative attitude and a low level of public awareness is assumed.
In this case homeowners can still be stimulated due to financial benefits. Currently,
the ’salderingsregeling’ is in place, which stimulates homeowners to implement so-
lar panels. This regulation causes small scale consumers to receive benefits on their
energy bills [Rijksoverheid, 2020]. Lastly, the scenarios all assume a well function-
ing electricity grid. However, the increased integration of fluctuating RE sources
can cause challenges for electricity grid operators [Netbeheer Nederland, 2019].

Interestingly, it becomes evident that there is variation in the manner in which
to provide flexibility in the electricity system. The options are limited to batter-
ies, green gas, hydrogen and import. The variation in additional electricity supply
sources is partly explained by the level of openness of the energy markets. Result-
ing from this, an advanced international infrastructure for the exchange of energy
carriers (hydrogen, biomass, electricity) is needed, which brings along challenges.
According to the IEA [2021] ”Attaining hydrogen strategy targets will necessitate
much faster hydrogen transmission development”. Moreover, the need for imported
energy increases the dependency on other countries, which could jeopardize the en-
ergy security of supply. The extent to which the import of energy is possible, is very
dependent on how other countries design their future energy system. A risk occurs
when other countries are not able or willing to export energy for a fair price (or not
at all), while the Dutch energy supply can not fulfill demand [Escribano Francés
et al., 2013]. Considering the fact that batteries, hydrogen and green gas are cur-
rently not implemented on a large scale, the dependency on imported electricity
could increase.

5.5.4 Energy Sources for Heat Supply

Figure 5.8 presents the energy sources for heat supply for the base case and for
every scenario. Up until now, the scenarios were quite consentient regarding the
identified trends. However, regarding the sources for heat supply, they vary more.
Again, an important trend is the decrease of natural gas, here in individual boilers.
Only in the ADAPT and TRANSFORM scenario these individual boilers still con-
tribute a little to the heat supply. Regarding the use of biomass as a source for heat
supply the scenarios vary. Four scenarios report an elimination of biomass, while
two scenarios expect an increase for 2050.

The heat supply gap that emerges mainly due to the decrease in natural gas use in
individual boilers, is filled by several renewable sources. A clear trend is identified
regarding the use of DH networks for heat supply. In the base case the contribution
of DH is 5%, while all scenarios notably expect a large increase in the use of DH,
ranging from 34% to 56%. Moreover, such a trend can also be identified for the
use of ambient heat in individual heat pumps. In the base case, individual heat
pumps using ambient heat account for a share of 2%. However, in all scenarios,
the contribution of individual heat pumps using ambient heat increases, ranging
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from 21% to 51%. DH and ambient heat are the most important heat sources in all
scenarios and seem to substitute each other. Whenever the share of DH is lower,
the share of ambient heat is higher and vice versa. Moreover, some scenarios ad-
ditionally expect green gas, biomass, natural gas and hydrogen through individual
boilers and hybrid heat pumps to contribute to the heat supply. These contributions
are relatively lower in terms of percentages. However they do affect the system’s
interconnections.

Figure 5.8: Mix of energy sources for heat supply in the base case (2019) and scenarios (2050)

The identified trends regarding energy sources for heat supply in 2050 are summa-
rized below:

• Large decrease in the contribution of natural gas fired individual boilers to
the heat supply

• Increase in the contribution of DH and individual heat pumps using ambient
heat to the heat supply

• Additional heat supply by natural gas, green gas, hydrogen and solar through
individual boilers and heat pumps and direct combustion of biomass

Reflection

Regarding heat supply, there is consent between the scenarios with regard to what
must be eliminated, namely fossil fuels and especially natural gas. The large de-
crease in these sources can be explained by the political driver in all scenarios to
achieve the national climate objectives [Rijksoverheid, 2019]. In order to substitute
these sources, mainly an increase in the contribution of DH and individual heat
pumps is expected. Interestingly, the combination of these two alternatives has the
largest contribution to the heat supply in every scenario, despite their different as-
sumptions. According to the scenario reports, there are places where DH networks
are less obvious, such as with newly constructed buildings and buildings in areas
with a lower housing density. In those cases electric individual heat pumps using
ambient heat will provide households with heat. The ratio in which these two main
alternatives contribute varies. In the regional, ADAPT and TRANSFORM scenario,
the share of DH is the highest. In these scenarios, a political driver is the local gov-
ernance of the energy system, which causes DH networks to be realized. However,
the capacity for DH is not only dependent on the governance level, but naturally
also on available DH sources, as discussed in section 4.3.
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Moreover, other expected heat sources are hydrogen, green gas and biomass. The
variation in these sources is partly explained by the level of openness of the energy
markets. Therefore, part of the hydrogen and biomass required for the production
of green gas is imported, which increases the dependency on other countries. The
associated challenges were mentioned before. Interestingly, green gas and biomass
are both included in scenarios that assume a high level of public environmental
awareness. Therefore, a contradiction can be identified. As discussed in section 4.2,
recent debates regarding the use of biomass as a renewable energy source point to a
lack of public support [PBL, 2020a]. Since green gas is produced from biomass, the
same lack of public support may be applicable. Therefore, the use of these sources
in these specific scenarios is improvident and can cause for public disapproval.

5.5.5 Energy Sources for District Heating Supply

Figure 5.9 presents the energy sources for DH supply for the base case and for every
scenario. It could be derived from this graph that the scenarios are the least unani-
mous with regard to the sources for DH supply. However, a clear trend is identified
again regarding the decrease in natural gas CHP plants. In the base case, more than
half of the DH supply is fulfilled by natural gas CHP plants. In all scenarios, the
use of natural gas as a DH source is eliminated. Moreover, all coal-fired CHP plants
are also eliminated.

The DH supply gap that emerges is expected to be filled by several renewable
sources. However, clear trends are hard to identify as the energy sources for DH
supply vary a lot. Two of the scenarios (ADAPT & TRANSFORM) expect the entire
DH supply to be delivered by industrial waste heat. Moreover, the remaining sce-
narios provide a mix of geothermal, green gas, ambient heat, biomass, hydrogen,
industrial waste heat and waste incineration. Green gas and waste incineration are
connected to CHP plants. Green gas, solar, biomass and hydrogen are connected
to collective boilers. Ambient heat and industrial waste heat are partly connected
to collective heat pumps. In these scenarios a trend in the use of geothermal and
collective heat pumps using ambient heat is identified. As either geothermal or
collective heat pumps using ambient heat are the most important heat sources in
these scenarios, they seem to substitute each other. The contribution of green gas in
collective boilers can also be significant in these scenarios.

Figure 5.9: Mix of energy sources for district heating supply in the base case (2019) and
scenarios (2050)
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The identified trends regarding the energy sources district heating supply for 2050

are summarized below:

• Elimination of natural gas and coal CHP plants as a DH source

• Increase in the contribution of geothermal, hydrogen/solar/biomass/green
gas-fired collective boilers, industrial waste heat/ambient heat collective heat
pumps and green gas/waste incineration CHPs to the DH supply

• Large variation in renewable DH sources per scenario

Reflection

The elimination of natural gas and coal CHP plants from the DH supply is again
explained by the political driver in all scenarios to achieve the national climate ob-
jectives [Rijksoverheid, 2019]. Therefore, fossil fuels need to be decreased and the
share of RE sources increased. This explains the increase in the contribution of RE
sources to the DH supply. The large variation in DH sources is explained by multi-
ple driving forces.

First, the use of hydrogen, biomass and green gas can be partly explained again
by the level of openness of the energy markets. These sources are partly imported
as a DH source in all of the scenarios that use them, resulting in a dependency on
other countries. Moreover, green gas and biomass are again included in scenarios
that assume a high level of public environmental awareness. Therefore, the same
line of reasoning regarding public disapproval is applicable here. Furthermore, it is
assumed in the scenarios that local governments will undertake action and search
for locally available DH sources, such as geothermal, to make heat available to
their residents. This explains the high share of geothermal in the regional scenario.
Additionally, it was assumed that municipalities jointly realize larger-scale heat
networks, in order for municipalities with less geothermal potential to have suffi-
cient available heat. These larger-scale heat networks also explain the high share
of geothermal in the national scenario, in which the national government takes the
lead and supports large-scale projects. Lastly, the use of industrial waste heat is
prominent in the ADAPT and TRANSFORM scenario and present in the interna-
tional scenario. It is not evident from the scenario reports which driving force plays
a role with regards to this, as industrial waste heat can be viewed as a local heat
source. Therefore, it is surprising that this source is not involved in the scenarios in
which geothermal also plays a role.

The assumption that the possibilities of DH sources such as geothermal and indus-
trial waste heat are explored, does not mean that these DH sources are actually
available and achievable. This notion is strengthened by the fact that the trans-
portation of heat over long distances is very inefficient [Mazhar et al., 2018]. There
is still a lot of uncertainty regarding the availability of geothermal and industrial
waste heat in the right areas [Milieucentraal, 2020]. Therefore, the scenarios that
expect a large contribution of geothermal and industrial waste heat can be viewed
as uncertain.

5.5.6 Overall Reflection

The current energy system is compared with the energy systems of the six scenarios
and many trends are determined and reflected upon. The scenarios all are driven
by different forces as discussed in section 5.4. However, they all have the same
aim: to achieve the national climate objectives as discussed in section 5.1.3. First
of all, from the analysis it becomes evident that major changes in the entire energy
system are necessary in order to achieve these national climate objectives. From the
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scenario funnel discussed in section 2.3.1, it became evident that the Dutch transi-
tion pathway is impacted by disruptive events and decision points. As unexpected
events can occur and decisions need to be made (often cooperatively), the scenarios
and their assumptions thus bring along much uncertainty. Naturally, the questions
arise if the Dutch energy system is able to implement the necessary changes in time
or even at all, and what the future Dutch energy system will look like.

5.6 interconnections between electricity and heat
The current and future energy systems have been analyzed with regard to their
electricity and heat sources. In this section, the focus lies on the interconnections
between electricity and heat. Several coupling elements can be identified that form
interconnections. These interconnections experience a transition along with the
energy system.

5.6.1 National Coupling Elements

In the current national energy system, the three following specific interconnections
are identified:

• Individual heat pumps function as a coupling element between heat supply
and electricity demand.

• CHP plants function as a coupling element between heat supply and electricity
supply. The heat is delivered via DH networks.

• Collective heat pumps function as a coupling element between heat supply
and electricity demand. The heat is delivered via DH networks.

In the future national energy system, the same coupling elements as included in
the current energy system are expected to play a role. However, one additional
coupling element is included:

• Collective hydrogen boilers function as a coupling element between heat sup-
ply and electricity demand. The heat is delivered via DH networks.

The first coupling element, the individual heat pump, supplies heat while to a cer-
tain extent competing with DH. These heat pumps use ambient heat and demand
electricity to function. It is expected that in the future, hybrid heat pumps can be
used using green gas and hydrogen. Section 4.1.5 noted that the COP of air-, water-
and ground-source heat pumps currently ranges from 2 to 5. Therefore, a current
average COP of 3.5 is assumed. For future energy systems, an average COP of 4 is
assumed according to Quintel [2019].

Furthermore, the second coupling element, the CHP plant, supplies heat via the
DH system. The CHP plant is the only coupling element that also contributes to
the electricity supply, both in the current and future energy system. Currently, CHP
plants use natural gas, biomass, waste incineration and coal. In the future energy
system, green gas and waste incineration CHP plants are expected to contribute.

Moreover, the third coupling element, the collective heat pump, supplies heat via
the DH system. In the current system, the collective heat pump uses a small amount
of low-temperature industrial waste heat to supply heat via the DH system. In the
future energy system, heat pumps are expected to be used in combination with
low-temperature industrial waste heat and ambient heat. Collective heat pumps
require electricity input. For collective heat pumps using ambient heat, the same
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average COPs are assumed as with an individual heat pump (current average COP
of 3.5 and future average COP of 4). Moreover, for collective heat pumps using
industrial waste heat, a current average COP of 3.7 and a future average COP of 4.2
were assumed, based on a research regarding the use of low-temperature industrial
waste heat from datacenters [Pärssinen et al., 2019]. For collective heat pumps us-
ing low-temperature industrial waste heat a higher COP is thus assumed. As the
temperature of low-temperature industrial waste heat is expected to be higher, the
temperature difference between the waste heat source and the user is lower.

Lastly, in future energy systems, collective hydrogen boilers are able to supply heat
via the DH system. As discussed in section 4.1.7, an average electrolysis efficiency
of 66% is assumed. Therefore, the electricity demanded from collective hydrogen
boilers can be excessively high.

5.6.2 Quantified Interconnections

Figures 5.10, 5.11 and 5.12 compare the contributions of the coupling elements for
the base case and the scenarios to the heat supply, electricity demand and electricity
supply respectively.

Figure 5.10: National contribution of coupling elements to the heat supply for the built en-
vironment

Figure 5.10 shows that currently, the contribution of coupling elements to the heat
supply is relatively small. This is mainly caused by individual natural gas boilers
being the dominant source for heat supply. All scenarios expect the contribution of
the coupling elements to the heat supply to increase substantially, as a minimum
sixfold increase is observed. This observation confirms that in the future, an in-
creased IES approach is expected to be taken in order to achieve climate objectives,
as discussed in section 2.2.1. In the most extreme scenario, almost 90% of the heat
supply technologies are connected to the electricity sector. Mainly, individual heat
pumps (orange colours) and collective heat pumps (green colours) contribute to this.
It is noteworthy that in all scenarios, the individual heat pump using ambient heat
is expected to contribute significantly.
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Figure 5.11: National contribution of coupling elements to the electricity demand for the
built environment

From figure 5.11 it can be derived that all scenarios expect the contribution of the
coupling elements to the electricity demand to increase substantially. Here, the in-
crease is expected to be minimally ninefold, indicating an increased electrification of
the heat sector. Again, the contribution of individual heat pumps (orange colours)
and collective heat pumps (green colours) is noticeable. Note that the collective
heat pumps (green colours) and collective boilers (bright blue colour) are connected
to the DH network. In the most extreme scenario, almost 40% of the electricity is
demanded by coupling elements delivering heat. In this scenario, individual hydro-
gen boilers (bright blue colour) are mainly responsible for this electricity demand.
This is caused by the efficiency of the electrolysers to convert electricity into hydro-
gen. The conversion of electricity into hydrogen and hydrogen into heat causes a
lot of energy to be lost and therefore is quite inefficient.

Figure 5.12: National contribution of coupling elements to the electricity supply for the built
environment
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From figure 5.12 it becomes evident that the contribution of the coupling elements
to the electricity supply is expected to decrease extremely. Currently, CHP plants
(blue colours) supply more than one third of the total electricity supply. The de-
crease is mainly caused by the expected elimination of natural gas-fired CHP plants.
Two scenarios expect CHP plants using waste or green gas to play a minor role in
the future electricity supply. However, this contribution is almost negligible to the
current electricity supply by CHPs.

Overall, it can thus be concluded that the contribution of coupling elements to the
heat supply and electricity demand is expected to increase greatly, while the con-
tribution to the electricity supply is expected to decrease to almost 0%. Therefore,
the heating system transitions from a system that has a connection with electricity
supply, to a system that is largely connected with electricity demand.

5.7 conclusion

5.7.1 National Energy Transition

In this chapter, the second sub-question How are the Dutch electricity and heating sector
expected to develop according to the trends of existing national energy scenarios for 2050?
is answered as follows:

The current national energy system is primarily based on natural gas. Mainly nat-
ural gas-fired power plants supply electricity, while mainly individual natural gas
boilers supply heat. Therefore, the system is currently experiencing an infrastruc-
tural natural gas lock-in. This lock-in complicates the transition to a renewable
future energy system. An analysis of six scenarios for the Dutch national energy
system of 2050 resulted in several trends regarding energy demand, electricity sup-
ply, heat supply and DH supply. The scenarios were all based on the same polit-
ical driver: to achieve the national climate objectives. Additionally, the scenarios
varied with regard to the governance level of the energy transition, the level of self-
sufficiency and the level of public environmental awareness.

Overall, there is much consent in the scenarios with regard to wind and solar en-
ergy being the backbone of the electricity supply. Moreover, the results indicate a
potential role for hydrogen, green gas and imported electricity as means for provid-
ing flexibility. However, there are still challenges with regard to the realization of
a fully renewable electricity supply. Enormous wind and solar capacities need to
be realized, most of the flexibility alternatives are not fully developed yet and the
electricity grid is required to be adapted.

On the contrary, the scenarios show a great deviation in renewable heating alter-
natives. However, all scenarios include large supplies of DH and individual heat
pumps. The preference for DH seems to be driven by a local governance level and
high levels of self-sufficiency and public awareness. Sources for DH vary greatly
per scenario and are quite uncertain. The deviation and uncertainty indicates that
there is still dubiety regarding how to realize the heat transition and regarding its
feasibility.
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5.7.2 National District Heating Transition

Subsequently, the third sub-question What is the impact of the transition to renewable
district heating on the Dutch electricity and heating sector according to the trends of existing
national energy scenarios for 2050? is answered as follows:

Impact on the Heating Sector

• Increased DH supply: As the contribution of renewable DH to the heat supply
is expected to increase, current sources for heating can be substituted. While
DH is currently a minor contributor to the heat supply (5%), it is expected that
DH will become one of the, if not the most, important heating alternatives (34-
56%). The increased contribution of renewable DH causes a shift away from
the currently dominant natural gas-fired individual boilers.

• Competition with other heating alternatives: The remainder of the heat supply
can be delivered by a large variety of other heating alternatives, with which
DH competes to a certain extent. The main alternative to DH is expected to
be (hybrid) individual heat pumps using hydrogen or green gas. Individual
green gas/solar/natural gas boilers or direct biomass combustion can supply
heat in cases in which both DH and individual heat pumps are not feasible
alternatives.

• Varying and uncertain DH sources: DH sources are expected to shift from
mainly natural gas-fired CHP plants to renewable alternatives. A wide variety
of future DH sources is presented in the scenarios. It can be derived that CHP
plants are eliminated as the most important DH source. Geothermal, green
gas/biomass/hydrogen/solar collective boilers and industrial waste heat/am-
bient heat collective heat pumps are mentioned as substitutes. As the DH sup-
ply is expected to increase substantially, the supply balances of some of these
specific sources can be very ambitious. None of the expected future sources
are currently applied on a large-scale and their potential is yet to be explored.

Impact on the Electricity Sector

• Increased electricity demand: The increased contribution of renewable DH
can cause for increased electricity demand, due to the increase in collective
heat pumps and hydrogen boilers. However, since the expected contribution
of the interconnections are based on diverging scenarios, there is much va-
riety in the value of the increase. Furthermore, the main alternative for DH,
individual heat pumps, require electricity. Therefore, DH can limit the electric-
ity demanded by the individual heat pump to a certain extent by competing.
Overall, it can be stated that it is expected that the future heating sector will
demand more electricity than in the current energy system. This is one of the
causes for the electrification of the future energy system. It depends on the
used DH sources if this is also the case for DH specifically.

• Decreased electricity supply: In the current system, the natural gas-fired CHP
plant is the largest coupling element and contributor to both the DH and
electricity supply. As these plants are expected to be mostly eliminated, a
gap will appear in the electricity supply. In the future energy system, green
gas and waste incineration CHPs can have a small contribution to the DH
supply. However, the electricity generated by these CHP plants is not expected
to be sufficient to substitute the eliminated fossil-fired CHP plants from the
current energy system. Therefore, the interconnection between DH supply
and electricity supply is expected to decrease.
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5.7.3 Overall Conclusion

The changing role of DH within the national integrated energy system is analyzed.
According to the trends, it was determined that the shift to renewable DH can poten-
tially cause for an increased DH supply, competition with other heating alternatives,
varying and uncertain DH sources, an increased electricity demand and a decreased
electricity supply. In conclusion, these trends combined cause the transition from
traditional to renewable DH to not be the most obvious choice. The most important
source, the natural gas-fired CHP plant, is eliminated, while finding feasible alter-
native DH sources seems difficult. Therefore, DH sources demanding electricity can
increase, which subsequently puts pressure on the electricity supply.

It can be observed that there is little variation with regard to the expected electricity
sources within the scenarios. However, there is much variation with regard to the
expected heat sources, specifically DH sources. As the supply of heat is a very local
issue, it is of interest to explore local plans in order to determine if there is more
clarity to the implementation of DH alongside a renewable electricity supply in a
specific region. The next chapter aims to explore ’what happens on the ground’ in
the region North-Holland South.



6 C A S E S T U DY: T R A N S I T I O N O F T H E
R E G I O N A L E N E R GY S Y S T E M

In this chapter, the current Dutch electricity and heating sector of the built environ-
ment are mapped on a regional scale in order to conduct more concrete observations.
Subsequently, regional energy plans are explored in order to estimate how the cur-
rent regional energy system is planned to transition into a future energy system.
The fourth sub-question How are the electricity and heating sector expected to transition
according to the regional energy plans in a specific Dutch region? is answered. These
expectations are used to determine the impacts of the transition to renewable DH.
Subsequently, the fifth sub-question What is the impact of the transition to renewable
district heating on the electricity and heating sector according to the regional energy plans
of a specific Dutch region? is answered. The methods as discussed in chapter 3 are
applied.

6.1 region north-holland south
The region under consideration for the case study is region North-Holland South.
The National Climate Agreement distinguishes thirty ’energy regions’ in the Nether-
lands [Rijksoverheid, 2019], of which North-Holland South is one. The North-
Holland South region is divided into six sub-regions: Amstelland, Amsterdam,
Gooi & Vechtstreek, Haarlemmermeer, IJmond & South Kennemerland and Za-
anstreek/Waterland. Each of these sub-regions consist of various municipalities
[RES Noord-Holland Zuid, 2021].

Figure 6.1: Region North-Holland South, adapted from RES Noord-Holland Zuid [2021]

53



6.2 current activity of regional actors 54

6.2 current activity of regional actors
The liberalization of the Dutch energy market has separated its value chain, which
used to be largely integrated. This causes for many different actors to control differ-
ent parts of the energy system [Tanrisever et al., 2015]. Therefore, different actors
are involved with the electricity and heating sector of the built environment of re-
gion North-Holland South. Similar to in chapter 5, the year 2019 is considered the
base year of this analysis. The energy system of the base year will be referred to as
the current regional energy system. Below, a description is given of the actors and
their activities within the current regional energy system. Later in this chapter, the
regional plans of these specific actors are explored.

6.2.1 Governmental Parties

The government is involved on different levels with the governance of the electricity
and heating sector in the region North-Holland South. The governmental parties
involved are the national government, province North-Holland, 3 regional water
authorities and 29 municipalities of the region. These governmental parties imple-
ment energy policy with guidelines and incentives in order to achieve established
climate objectives [RES Noord-Holland Zuid, 2021].

6.2.2 Electricity and Heat Producers

In the region North-Holland South, there are several electricity producers. Table 6.1
presents an overview of existing power generation plants adapted from CE Delft
[2019]. Furthermore, wind and solar energy contribute to the electricity supply.
There are a large range of wind electricity producers, such as Vattenfall, Eneco,
E.ON, Engie and local initiatives. Electricity from solar energy is generated de-
centrally by end-users. Besides these large plants, there are also some small scale
natural gas-fired CHP plants available in the region.

Moreover, some of the power plants from table 6.1 are CHP plants and thus also
provide usable heat. These plants are indicated with an asterisk (*) in the electric ca-
pacity column, which indicates an additional availability of heat capacity. Moreover,
individual natural gas-boilers, biomass combustion and individual heat pumps are
also contributors the the heat supply. In this case, end-users produce their own
heat.

Producer Plant Location Energy Source Capacity [MW]
Vattenfall Hemweg-8 Amsterdam Coal 630

Vattenfall Hemweg-9 Amsterdam Natural Gas 435

Vattenfall Diemen-33 Diemen Natural Gas 266*
Vattenfall Diemen-34 Diemen Natural Gas 435*
Vattenfall Ijmond-1 Cluster Velsen Natural Gas 144*
Vattenfall Velsen-24 Cluster Velsen Natural Gas 350*
Vattenfall Velsen-25 Cluster Velsen Natural Gas 375

AEB AEC Amsterdam Waste 80*
AEB HRC Amsterdam Waste 60*
AEB Biomass Plant Amsterdam Biomass 8*
Orgaworld Greenmills Amsterdam Biomass 5,5*
SVP de Purmer Purmerend Biomass 44*

Table 6.1: Existing power (and heat) plants in region North-Holland South in 2019. Data
sources: CE Delft [2019]; TNO [2020c]

It is important to note that the Hemweg-8 coal-fired power plant has been closed
since January 2020. However, since the base year is considered to be 2019, this plant
is included in this analysis.
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6.2.3 Electricity Network Operators

In the region, the produced electricity is transported and distributed to end-users
via regional electricity networks. The electricity network in North-Holland South
is connected to the national and international networks (380 kV). The international
network has connections with Belgium, Germany, England and Norway, through
which internationally bought or sold electricity can be transported [CBS, 2015b].
The management of the grid is a regulated monopoly performed by grid operators
TenneT, Liander and Stedin. The national grid operator TenneT manages voltage
levels from 380 kV to 110 kV and regional grid operator Liander manages voltage
levels from 50 kV and lower. An exception is the electricity grid in the municipality
of Heemstede, which is managed by regional grid operator Stedin. The electricity
network in North-Holland South is already reaching its capacity limits, especially
in the Amsterdam area [CE Delft, 2019].

6.2.4 Gas Network Operators

The main sources for heat supply in the region North-Holland South are individ-
ual natural gas-fired boilers. Therefore, there is a provincial gas network in place
for the transport and distribution of natural gas. This network has connections to
national and international networks. The management of the grid is a regulated
monopoly performed by grid operators Gasunie, Liander and Stedin. The national
grid operator Gasunie manages the high-pressure grids and the regional grid oper-
ator Liander manages the regional grids. The southern part of the coastal region
is managed by regional grid operator Stedin. Gasunie’s high-pressure networks
transport both high-calorific gas and low-calorific Groningen gas [CE Delft, 2019].

6.2.5 District Heating Network Operators

In the region North-Holland South, there are various large-scale DH networks con-
structed for heat supply to buildings that are operated by different actors. Large-
scale DH networks are here defined as networks that annually supply more than
0,15 PJ of heat to end users. In 2019, there are large-scale DH networks within
the areas Amsterdam North and West, Amsterdam South and East and Purmerend.
Table 6.2 presents an overview of these DH networks reproduced from CE Delft
[2019].

DH Operator DH Location Heat Supply [PJ/yr]
Westpoort Warmte Amsterdam North & West 1

Vattenfall Amsterdam South & East 1,8
SVP Purmerend 0,8

Table 6.2: Existing DH networks in region North-Holland South in 2019. Data sources: CE
Delft [2019]

In the Amsterdam North and West area, the DH network is operated by heat com-
pany Westpoort Warmte. This is a joint venture between Afval Energie Bedrijf (AEB)
Amsterdam, owned by the Municipality of Amsterdam, and Vattenfall. The DH
network of Westpoort Warmte supplies heat to the Westpoort, Nieuw-West, Noord,
Houthaven and Zeeburgereiland areas. However, the Zeeburgereiland area is also
connected to the DH network of Amsterdam South and East. The main sources of
supply of the Amsterdam North and West DH network are the AEB plant, the Or-
gaworld Greenmills installation and the Diemen power plants, mentioned in figure
6.2 [TNO, 2020c].
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In the Amsterdam South and East area, the DH network is operated by Vattenfall.
The DH network of Amsterdam South and East (including Amstelveen) supplies
heat to the Zuideramstel/Zuidas, Buitenveldert, Stadionbuurt, Zuidoost, Amstelk-
wartier, De Omval, IJburg, Zeeburgereiland and Amstelveen areas. The main source
for DH supply are the Diemen power plants, mentioned in figure 6.2. Furthermore,
at some locations, auxiliary heat plants with natural gas-fired boilers supply a lim-
ited part of the heat [TNO, 2020c].

In Purmerend, the DH network is operated by Stadsverwarming Purmerend (SVP).
SVP is a local heat company in which the municipality is a shareholder. The main
source of this DH network is the biomass plant de Purmer, which runs on wood
chips from the maintenance of the forests of Staatsbosbeheer and is owned by SVP.
In addition, there is a natural gas-fired auxiliary CHP plant for heat supply at peak
demand and maintenance times [TNO, 2020c].

6.2.6 Electricity and Heat Suppliers

Energy suppliers supply electricity and heat to end-users. There is a large range of
energy suppliers available, such as Vattenfall, Essent, Eneco, ENGIE and Vandebron.
Before the liberalization of the energy market in 2004, consumers had no choice be-
tween different providers as the energy supplier was determined depending on the
place of residence. Since then, the number of energy suppliers has extensively in-
creased. There are energy companies that only supply electricity and/or heat, but
do not produce them. These suppliers purchase energy from energy producers in
the Netherlands. As electricity can be efficiently transported, electricity can be pur-
chased and important from neighboring countries. However, there are also energy
suppliers that additionally produce electricity and/or heat, such as Vattenfall in the
region North-Holland South [TNO, 2020c].

6.2.7 End-users in the Built Environment

End-users have a certain demand for electricity and heat. The end-users of the
built environment consists of households and services i.e. a residential and non-
residential sector, respectively. End-users are responsible for their ’end-user behav-
ior’. The decrease in energy demand and the implementation of renewable energy
alternatives through end-user behaviour is of key importance in order to achieve
climate objectives [TNO, 2020a].

6.3 current regional electricity and heating flows
Following from the activities of the involved actors, the current electricity and heat-
ing sector of the region North-Holland South for energy supply of the built envi-
ronment include various connected energy sources, technologies and end-demand
purposes. The role of DH in this region can be determined in terms of the position
of DH within the system and contribution of DH supply to the national energy
flows.

6.3.1 Interconnections of System Components

In order to present an overview of the current energy system, a system diagram
is depicted in figure 6.2, which visualizes the interconnections between the system
components and the direction of the energy flows.
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Figure 6.2: System diagram of the interconnections between the system components of the
regional electricity and heating sector for the built environment in 2019. The
green energy sources are renewable, while the blue energy sources are conven-
tional. The electricity grid is indicated with yellow. Data sources: PBL [2020b];
TNO [2020c]; Eurostat [2019].

The current regional energy sources are of a conventional (blue) or renewable (green)
nature. Fluctuating RE sources, such as onshore wind and solar generate electric-
ity which feeds into the electricity grid (yellow). Moreover, coal, natural gas and
biomass are energy sources utilized in power plants. Furthermore, natural gas,
biomass and waste incineration energy sources are connected to CHP plants, which
generate both electricity and usable heat. The electricity feeds into the electricity
grid, while the heat is utilized within the DH network, with water as the medium
of heat transfer. The generated electricity is used for fulfilling electricity demand,
electricity import/export supports in balancing supply and demand. The heat gen-
erated by the CHP provides the heat supply for the DH network. The DH network
eventually provides heat to supply the heat demand. Furthermore, ambient heat is
provided to individual heat pumps, which can supply heat to fulfill heat demand.
These heat pumps additionally require electricity from the electricity grid. Lastly,
natural gas and biomass are directly used as a source for heat supply.

6.3.2 Quantified Energy Flows

Figure 6.3 depicts a sankey diagram, visualizing the quantified energy flows of the
system. The dependency on natural gas as a result of the infrastructural natural
gas lock-in, as discussed in section 5.1.1, is also visible within the regional energy
system.

The final energy supply for electricity in the built environment currently consist
largely of natural gas-fired plants with a share of 70%. Furthermore, sources for
electricity are coal, onshore wind, solar, waste incineration and biomass, of which
coal contributes the most. Besides wind and solar, these sources all generate elec-
tricity via power plants. The share of RE sources within the electricity sector of the
built environment on a regional scale is 11%.
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Figure 6.3: Sankey diagram of the energy flows in PJ between the system components of
the regional electricity and heating sector for the built environment in 2019. Left
side represents supply, right side represents demand. Data sources: PBL [2020b];
TNO [2020c]; Eurostat [2019]

The final energy supply for heat in the built environment also consists largely of
natural gas with 90%, provided by individual boilers. Furthermore, other sources
are DH, individual biomass combustion and individual heat pumps using ambient
heat, of which DH contributes the most. The share of RE sources within the heating
sector of the built environment on a regional scale is 6%.

Multiple sources are used for the DH supply, namely natural gas, biomass, and
waste incineration. Natural gas-fired CHP plants are the largest contributor to DH
supply with 56%. Moreover, biomass- and waste incineration-fired CHP plants both
contribute to the DH supply with 22%. Therefore, the share of RE sources within
district heating in on a regional scale is 33%.

6.4 regional energy policy
The national government, province North-Holland and 29 municipalities of the re-
gion implement energy policy with guidelines and incentives in order to achieve
established climate objectives [RES Noord-Holland Zuid, 2021]. The National Cli-
mate Agreement states that each energy region in the Netherlands must prepare
a Regional Energy Strategy (RES) [RES Noord-Holland Zuid, 2021]. Moreover, the
municipalities of these energy regions are required to prepare Transition Vision for
Heat (TVH) reports. The RES and TVHs provide guidelines along which involved
actors can create concrete plans. Implementation plans regarding concrete actions
are constructed on a neighborhood level. There are thus various levels at which
energy policy is managed. The following levels can be distinguished [RES Noord-
Holland Zuid, 2021]:

• At the national level, the National Climate Agreement considers various na-
tional climate objectives and guidelines. This includes plans regarding wind
and solar and the flexibility of the power system.

• At the regional level, the potential of onshore wind and solar for electricity
generation in the region are mapped in the Regional Energy Strategy (RES).
Moreover, the RES includes the Regional Structure of Heat (RSH), which dis-
cusses renewable heat sources available in the region.
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• At the municipal level, the transition vision for heat (TVH) describes how
the municipality aims to phase out natural gas and how the transition to
renewable heating sources will occur and at which pace.

• At the neighborhood level, a concrete implementation plan is constructed in
order to shape the transition plans together with residents and organizations
from the neighborhood. A definitive choice is made regarding the heat alter-
natives and the associated costs. These agreements for instance end up at the
level of a homeowner association.

According to the concepts of lock-in and path dependency discussed in 2.3.2, this
energy policy contributes to shaping the future energy system. It can be stated
that plans and strategies regarding the heat transition become more concrete as the
policy level becomes lower. However, it is important to note that there is always a
degree of uncertainty to these plans and strategies. Moreover, new innovations and
breakthroughs in the coming years can cause for new insights.

6.4.1 Regional Energy Strategy

In order to implement the agreements made in the National Climate Agreement,
the province North-Holland, the region’s municipalities, regional water authorities,
network operators, social organisations, businesses and residents from the energy
region North-Holland South work together on the RES for this region.

Approach

The North-Holland South region has opted for a bottom-up or decentral process.
With this approach, the region aims to map out of the many interests and tasks,
stimulate collaboration between involved actors and create a solid foundation for
the regional energy transition. The focus of the RES is on onshore wind and solar
energy for electricity supply and on a renewable heat supply. Part of the RES is the
regional structure of heat (RSH), in which the regional heat demand, heat sources,
required infrastructure and the supra-municipal opportunities and challenges re-
garding the heat transition are analyzed [RES Noord-Holland Zuid, 2021]. It is
noteworthy that, in preparation of the RES, the province of North-Holland commis-
sioned a research published by CE Delft, which includes an estimated electricity
and heat demand for the province North-Holland [CE Delft, 2019].

Regional Electricity Sector

The region North-Holland South expects a very strong growth in electricity demand.
This strong growth is caused by economic development and the electrification of the
energy system [RES Noord-Holland Zuid, 2021]. The region aims to increase the
share of RE sources in the electricity sector and hereby focuses on onshore wind and
solar energy. Therefore, various so-called ’search areas’ are established in the RES of
region North-Holland South. A search area indicates where options for generating
wind and/or solar energy are further being investigated. This exploration takes
place in consultation with stakeholders. Within the search areas, the RES indicates
a current theoretical potential of 10,8 PJ/yr of onshore wind and solar energy for the
electricity supply. This potential includes 1,2 PJ/yr of large-scale centralized solar
energy, 6,1 PJ/yr of decentralized solar energy, 1,5 PJ/yr of onshore wind energy
and 2,0 PJ/yr existing wind and solar. However, search areas can be adjusted and
therefore this theoretical potential can change. The RES primarily indicates that
decentralized solar energy can count on a lot of support [RES Noord-Holland Zuid,
2021].
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Regional Heat Sector

The RSH is part of the RES and focuses on a renewable heat supply. The heat
demand of the built environment in the North-Holland South region is expected
to decline due to the implementation of energy-saving measures and electrification
of the heating supply. However, a transition to a renewable heat supply is still re-
quired [RES Noord-Holland Zuid, 2021]. Therefore, various so-called ’heat demand
clusters’ are established in the RSH. Heat demand clusters are areas where there is
sufficient heat demand and density of buildings. According to the RSH, these areas
mainly are located in an near large cities, such as Amsterdam. The RSH empha-
sizes that there is a focus on a collective heat supply in the form of DH networks.
In areas where the heat demand is lower, such as the outlying areas in the region,
individual electrical heating solutions or heating solutions that use renewable gas
are identified as more attractive [RES Noord-Holland Zuid, 2021].

Several heating sources available in the region North-Holland South for individual
or collective heat supply are discussed in the RSH: geothermal, industrial waste
heat, waste incineration, CHP heat, aquathermal, green gas, hydrogen and biomass
[RES Noord-Holland Zuid, 2021]. These sources were elaborated upon in detail
in section 4.2. For all sources it is emphasized that further research is required to
determine the real potential in the region.

• Geothermal: The RSH expresses a great interest in geothermal as a source for
DH supply. It is currently unknown how much heat from geothermal energy
is available in the North-Holland South region. To determine this, research
is currently being carried out into the presence of suitable earth layers and
some exploration permits are granted. Before extraction can take place, a
production license must also be granted.

• Industrial waste heat: The RSH also focuses on industrial waste heat as an
energy source for DH supply. As discussed in section 4.2, the industry op-
erates according to the principle of the trias energetica. As a result, a major
regional impact on the heat supply cannot be expected in advance. However,
in Amsterdam, Haarlemmermeer and Amstelland in particular, the RSH de-
termines datacenters to be a promising and possible DH source, providing
low-temperature heat.

• Waste incineration: The RSH identifies the AEB waste incineration power
plants to be supra-municipal sources. These plants provide high-temperature
heat and are connected to DH network Amsterdam North & West, as men-
tioned in section 6.2.5. The RSH discusses the possibility of expanding this
DH network as the heat supply capacity is not yet fully utilized.

• CHP heat: The Diemen power plant is identified by the RSH as a supra-
municipal CHP source. This plant provides high-temperature heat and is
connected to DH network Amsterdam South & East, as mentioned in section
6.2.5. The RSH also emphasizes the possibility of expanding this DH net-
work as the heat supply capacity of the plant is not yet fully utilized. As the
Diemen power plant is natural gas-fired, the region identifies the plant as tran-
sition source and uses the slogan ”better used than unused”. It can enable the
construction of DH networks to which sustainable sources can be connected
in the future. (Note: a transition source/fuel can be defined as ”a substitute
low-carbon fuel for higher content fossil fuels (coal and oil) to reduce CO2

emissions in the near future” Gürsan and de Gooyert [2021])

• Aquathermal: Aquathermal is a form of ambient heat and is expected to be
used as a source for collective or individual heat pumps. Heat pumps are
required to increase the source temperature to use temperature for heat supply.
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According to the RSH, aquathermal energy has a high theoretical potential in
the wetlands of North-Holland South.

• Green gas: The RSH plans to use green gas in individual boilers as a heat
source for the built environment only where no alternatives are possible (for
example, in historic city centers with little space in the subsoil and property
that is difficult to insulate). For that reason, the RSH recommends the munici-
palities to focus on alternative heat sources.

• Hydrogen: The RSH expects that green hydrogen can be produced after 2030,
when a lot of green electricity is available. However, the use of hydrogen to
heat or electrify homes is inefficient. Applying green hydrogen in the built
environment is therefore only identified as a realistic option in the future in
cases where there is no sufficient alternative. Hydrogen is not elaborated upon
further in the RSH.

• Biomass: According to the RSH, a vast majority of municipalities believe that
there is no support for additional installations for the combustion of, in par-
ticular, imported biofuels. On the other hand, there is support for the use of
local pruning and residual wood in existing installations. No potential is seen
for a large biomass installation with supra-municipal capacity.

6.4.2 Transition Vision for Heat

Additionally to the RSH of the RES, in the transition vision for heat (TVH) of the
region’s municipalities more concrete choices are made regarding which renewable
heating sources are implemented on a municipal level.

Approach

The region North-Holland South includes 29 municipalities, of which 15 have pub-
lished their TVH. The remaining municipalities plan to publish their TVH in 2022.
Table 6.3 shows the municipalities with their associated population in 2019 (base
year) derived from [CBS, 2019c]. From this table it can be derived that 72% of the
population of the region North-Holland South is covered by the currently published
TVHs. Therefore, these TVHs are assumed to represent the general regional plans
of the municipalities in a reasonably manner.

The 15 municipalities that have published their TVH aim to be natural gas free
before 2050. The municipalities have a similar approach to tackle the renewable
heat transition. First, for each neighborhood, potential renewable heating options
are identified. This choice is primarily based on source availability and social costs.
Then, possible ’promising neighborhoods’ are identified, for which specific renew-
able heating options are least uncertain. The municipality views these neighbor-
hoods as a starting point, while other neighborhoods mainly focus on improving
the insulation of existing buildings.

Renewable Heating Sources

The TVHs are explored and their planned renewable heat sources determined in
appendix B. Establishing the renewable energy mix for heating is a very local issue.
However, the municipalities of region North-Holland South seem to identify quite
similar sufficient renewable heating sources in line with the RSH.
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Municipality Population TVH Reference
Aalsmeer 31.728 Not yet published
Amstelveen 90.838 Gemeente Amstelveen [2021]
Amsterdam 862.965 Gemeente Amsterdam [2020]
Beemster 9.748 Not yet published
Beverwijk 41.176 Not yet published
Blaricum 11.202 Not yet published
Bloemendaal 23.410 Not yet published
Diemen 29.196 Gemeente Diemen [2021]
Edam-Volendam 36.099 Not yet published
Gooise Meren 57715 Not yet published
Haarlem 161265 Gemeente Haarlem [2021]
Haarlemmermeer 154.235 Not yet published
Heemskerk 39.164 Gemeente Heemskerk [2021]
Heemstede 27.286 Gemeente Heemstede [2021]
Hilversum 90.238 Gemeente Hilversum [2021]
Huizen 41.273 Not yet published
Landsmeer 11.488 Gemeente Landsmeer [2021]
Laren 11.195 Gemeente Laren [2021]
Oostzaan 9.757 Gemeente Oostzaan [2021]
Ouder-Amstel 13.916 Not yet published
Purmerend 80.117 Not yet published
Uithoorn 29.424 Gemeente Uithoorn [2021]
Velsen 68.348 Not yet published
Waterland 17.315 Gemeente Waterland [2021]
Weesp 19.334 Gemeente Weesp [2021]
Wijdemeren 24.013 Not yet published
Wormerland 16.329 Gemeente Wormerland [2021]
Zaanstad 155.885 Gemeente Zaanstad [2021]
Zandvoort 17.011 Not yet published
Total Population 2.181.670

Population with TVH 1.571.679

Population with TVH [%] 72%

Table 6.3: Municipalities of the region North-Holland South with their current population
TVH reference. Data Source: CBS [2019c]

The following three heat alternatives are identified in the TVHs:

• DH networks: The implementation of DH networks is seen as attractive in 14

out of 15 TVHs. Municipalities plan to extend their existing DH network or
implement a new DH network. Various local sources are planned to be used
for DH supply. Many municipalities consider geothermal energy to be a suf-
ficient source as it provides high-temperature heat. Moreover, aquathermal
and industrial waste heat (including waste heat from datacenters) are often
considered as sources providing low-temperature heat. Additionally, the mu-
nicipality of Amsterdam mentions biomass, waste incineration, solar thermal
and TES as sources for DH supply. The municipality of Haarlem also men-
tions solar thermal. However, the remainder of the municipalities do currently
not specifically plan for biomass, waste incineration, solar thermal and TES to
be used in the future.

• Individual (hybrid) heat pumps: The use of individual (hybrid) heat pumps is
mentioned in all TVHs. In old city centers, both a DH network and all-electric
solution are often expensive or not suitable for use. Therefore, municipalities
view hybrid heat pumps as a feasible option. Hybrid heat pumps use a gas-
fired boiler to supply heat at times when the heat demand is high. This gas
is planned to be natural gas from the existing gas network at first, which is
later substituted by green gas. Therefore, hybrid heat pumps can function as
a transition technology. Municipalities thus do not plan to remove the existing
gas network straight away.
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• Individual green gas boilers: In many TVHs, the use of existing individual
boilers fueled by green gas is discussed for areas in which DH networks and
hybrid heat pumps are insufficient. However, many TVHs emphasize that
this renewable heating option is of a last-resort nature, as there is much un-
certainty regarding the availability of green gas in the future energy system.

It becomes evident that the municipalities of region North-Holland South plan to
implement two main options for renewable heating: a collective solution in the form
of DH networks and an individual solution in the form of (hybrid) heat pumps.
However, there is still much uncertainty regarding the implementation of specific
renewable heating sources at specific locations and especially regarding the avail-
ability of DH sources.

6.4.3 Interviews

The published regional plans stated in the RES and TVHs are explored. Subse-
quently, interviews with the province North-Holland and the municipality of Ams-
terdam in order to obtain their viewpoint with regard to their role within the energy
transition. The information in this section is obtained through semi-structured inter-
views with the province North-Holland and the municipality of Amsterdam. The
interview protocol can be found in appendix C. The interviews with these govern-
mental actors focused on subject C of the interview protocol (collaboration).

According to an interviewee of the province North-Holland ”The province has a
small facilitating role in the energy transition of the region North-Holland South”
[Provincie Noord-Holland, 2022]. The province has established the Service Point
for Sustainable Energy (SPSE), which is a virtual independent entity. The SPSE sup-
ports municipalities, regions, housing associations and other stakeholders in the
province North-Holland with regards to the energy transition in the built environ-
ment. Therefore, this entity provides possibilities for a more integrated approach.
Currently, municipalities do not always have the knowledge or experience to man-
age the heat transition in their designated area. Moreover, the province notices
that many local heat initiatives are currently not well aligned. The province North-
Holland observes that different levels of government (municipalities, provinces and
national government) do not cooperate sufficiently, while this is necessary to make
the energy transition a success [Provincie Noord-Holland, 2022]. Moreover, ”the
national government makes insufficient use of the role that the province can play as
a middle government (between municipalities and national government) in the im-
plementation of energy policy by municipalities” [Provincie Noord-Holland, 2022].
Therefore, the province is planning to extend the SPSE with the purpose to sup-
port municipalities even more in their local heat transition in an integrated manner.
However, municipalities remain responsible for their own heat transition.

According to an interviewee of the municipality of Amsterdam, ”the municipali-
ties aim to play the role of facilitator for especially the heat transition” [Gemeente
Amsterdam, 2022]. Therefore, the developments regarding the Heat Act 2 are im-
portant to consider. Currently, municipalities plead for more options to be able to
steer their heat transition. Therefore, in the bill for the Heat Act 2, municipalities
designate areas as ’heat plots’. After a transparent allocation procedure, one heat
company is ultimately assigned the legal task of supplying heat to everyone in the
plot. This approach will result in a large governing capacity for the municipalities,
”which is really challenging” [Gemeente Amsterdam, 2022]. For example, with re-
gards to the somewhat monopolistic position of prominent DH network operators.
A benchmark is necessary in order to ensure fair energy prices. However, according
to an interviewee of the municipality of Amsterdam ”the heat transition needs to be
managed at a municipal level, as it is a local issue” [Gemeente Amsterdam, 2022].
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6.5 regional energy plans of non-governmental
actors

In the previous sections, the RES of the region North-Holland South and the TVHs
of the region’s municipalities are explored. The RES and TVHs provide guidelines
along which involved actors can create concrete plans. In this section, the regional
energy plans of other involved actors (section 6.2) are discussed. Regional energy
plans of these actors regarding renewable heat and electricity sources are relevant.
Part of the information in this section is obtained through semi-structured inter-
views with involved actors. The interview protocol can be found in appendix C.

6.5.1 Electricity and Heat Producers

The main electricity and heat producers in the region North-Holland South are
Vattenfall, AEB, Orgaworld and SVP, of which Vattenfall is the largest producer.

Interviews

With regard to electricity generation within region North-Holland South in 2050,
Vattenfall expects wind and decentralized solar to be the dominant energy sources.
Imported electricity, hydrogen and natural gas are expected to function as a back-up
for these fluctuating RE sources [Vattenfall, 2022c,d]. It was mentioned by an inter-
viewee that ”ideally to my personal opinion, nuclear energy would also function
as an electricity source” [Vattenfall, 2022c]. Currently, concrete plans of Vattenfall
include the realization of large-scale offshore wind farms and onshore wind farms
in other regions. Moreover, as fossil fuels are planned to be phased-out, Vattenfall
has closed the Hemweg-8 coal-fired power plant in January 2020. For the natural
gas-fired plants, there are no concrete plans yet for closure, since current energy
demand needs to be fulfilled. However, Vattenfall is conducting research regarding
the substitution of natural gas with green hydrogen [Vattenfall, 2022c,d]. Moreover,
there are no concrete plans regarding the closure of the biomass plants of AEB, Or-
gaworld and SVP. There is a plan for the construction of a new biomass plant in
Diemen. It is expected to be operational in the second half of 2023. However, as
biomass is often viewed as a transition source, this can cause for a strong decrease
of biomass-fired plants in the future energy system of 2050 [Vattenfall, 2022a,d,c;
Westpoort Warmte, 2022].

Furthermore, the waste incineration plants of AEB currently generate electricity and
heat. After the maximum amount of raw materials from the waste is removed, a
residual flow remains that is used for energy generation. However, a decrease in the
amount of waste that is usable for energy generation is expected in the future. This
is caused by the objective of the national government to become fully circular by
2050. The decreasing import volumes of waste may lead to the decommissioning of
one of the two units (for example, the AEC unit, the oldest of the two installations).
However, it is expected that there will be a shift towards more heat production and
less electricity production [Westpoort Warmte, 2022].

Moreover, Vattenfall expects energy sources for heat supply to be DH, (hybrid)
individual heat pumps and gas-fired individual boilers. Hydrogen is not expected
to provide heat in individual boilers and it is expected that green gas will be very
scarce due to ongoing public debates [Vattenfall, 2022c,d]. Therefore, there are
doubts with regard to the complete elimination of natural gas in the regional energy
system of 2050 [Vattenfall, 2022c]. It is expected that part of their natural gas-fired
plants are preserved. It is noteworthy that Vattenfall and installation company
Feenstra are currently developing a high-temperature individual heat pump. The
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heat pump system is presented to be a simple and affordable alternative to the
natural gas-fired individual boiler. The high-temperature heat pump system has
been specially developed for existing homes that are moderately insulated. The
first heat pumps are expected to be delivered from 2022 [Vattenfall, 2022b,a,c].

Additional Published Data

• According to the ’Annual and Sustainability Report 2020’ published by Vat-
tenfall [2020], Vattenfall is realizing major investment projects regarding on-
and offshore wind in the Netherlands. However, not yet in the specific North-
Holland South region. Furthermore, Vattenfall is exploring the possibilities
for using green hydrogen in existing power plants in a pilot project in Ger-
many. Vattenfall plans to run their Hemweg-9 plant entirely on green hy-
drogen by 2035. Furthermore, there are plans for the Diemen plants to run
on green hydrogen. Moreover, investments are planned for the Green Heat
Diemen project, where opportunities for a biomass-fired heat-only boiler (100

MW heat) are explored.

• According to the ’AEB Jaarverslag 2019’ published by AEB [2019], AEB aims
stimulate the circular economy by taking the lead in turning recovered raw
materials into locally applicable products. Moreover, AEB aims to increas-
ingly recover high-quality raw materials from waste by optimizing collection,
making use of social employment and applying state-of-the-art technology.

6.5.2 Electricity Network Operators

Electricity network operators in the region North-Holland South are TenneT, Lian-
der and (for the municipality of Heemstede) Stedin, of which the former is the
national grid operator and the latter two are regional grid operators.

Interviews

As electricity demand is expected to increase substantially, the electricity network
capacity is required to increase [Liander, 2022]. The electricity network in North-
Holland South is already reaching its capacity limits, especially in the Amsterdam
area. Moreover, many other future capacity bottlenecks are expected to occur in
the region North-Holland South. Therefore, the grid operators require to adapt
their investment plans in order to increase and maintain grid capacity in strategic
areas. According to an interviewee of Liander, ”this is challenging due to the large
required investments, lack of technicians and regulatory complexity, such as permit
applications” [Liander, 2022]. Currently, grid managers are expected to invest effi-
ciently, meaning that investment processes are only set in motion when contracts
have been signed with a customer. Pre-investments may not be made on the basis
of, for example, expected growth in the demand for grid capacity. This principle,
whereby network operators are not expected to invest in advance, is at odds with
the need to invest in sustainable alternatives in anticipation of the transition. There-
fore, grid operators call for laws that enable quicker network expansion [Liander,
2022]. Moreover, network operators aim to increase the flexibility of the grid by var-
ious measures. Liander stimulates demand-response and the use of home-batteries
in combination with solar panels as an alternative for delivering electricity back to
the grid [Liander, 2022]. Moreover, an interviewee of Liander stated that ”DH net-
works using collective heat pumps or E-boilers could provide options for improving
the flexibility of the electricity grid through thermal storage” [Liander, 2022].
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Additional Published Data

• According to the ’Infrastructure Outlook 2050’ report published by Gasunie
and TenneT [2019], further development of the energy transmission infrastruc-
ture for electricity is essential for the future energy system. This development
needs to be planned timely in an integrated way to find optimal solutions for
a faster and affordable energy transition. The network operators require legal
and regulatory frameworks to facilitate and steer the transition pathway.

• According to the ’Liander Jaarbericht 2020’ report published by Liander [2020],
Liander is working together with the municipality of Amsterdam and TenneT
on increasing the electricity grid capacity in the Amsterdam area. Moreover,
Liander is investigating the impact of the expected electrification on their in-
frastructure and is trying to coordinate the planning with the capacity and
replacement plans of the cables and pipelines.

6.5.3 Gas Network Operators

Gas network operators in the region North-Holland South are Gasunie, Liander and
for a very limited area Stedin, of which the former is the national grid operator and
the latter two are the regional grid operators.

Interviews

Gasunie and Liander expect green gas and hydrogen to play a role in the future
energy system [Gasunie, 2022; Liander, 2022]. According to a Liander interviewee
”the transition to green gas and hydrogen can preserve the value of the existing
natural gas infrastructure for society” [Liander, 2022]. This applies to (a large part
of) the Liander distribution networks, but also to the transmission and distribution
networks operated by Gasunie and Stedin. Currently, Liander is exploring possibil-
ities for the use of hydrogen in existing natural gas networks and the conversion
of electricity to hydrogen. Several pilots projects have been started [Liander, 2022].
Gasunie and Liander expect the role of natural gas to decrease as the amount of
renewable energy increases. Until then, natural gas is viewed as a good transition
alternative. However, according to a Gasunie interviewee, the use of large amounts
of hydrogen and particularly green gas for future renewable heating may be unre-
alistic, as much uncertainty is involved [Gasunie, 2022]. Therefore, there is a risk
for a natural gas lock-in, whenever the potential of hydrogen and green gas for
renewable heating purposes are currently overestimated [Gasunie, 2022].

Additional Published Data

• According to the ’Gasunie Jaarverslag’ report published by Gasunie [2020],
the transmission infrastructure for green gases are required to be further de-
veloped. Gasunie sees hydrogen as an important future energy carrier and
therefore intends to realize a ’hydrogen backbone’ for hydrogen transport.
The backbone can be realized in 2027, but also earlier if needed by allocating
(separating) pipes of the current natural gas transport network for hydrogen.
Hydrogen is mainly expected to be used for industrial clusters and for bal-
ancing the fluctuating electricity supply from wind and solar. In the field
of green gas, Gasunie is further developing the technology for supercritical
water gasification (a technology for the efficient conversion of wet biomass)
and gasification of woody residual flows. Current networks are ready for the
large-scale in-feed of green gas. Furthermore, they issue Guarantees of Origin
for green gas, produced by market parties. Gasunie expects that green gas
may play a role as a heating alternative either through individual boilers or
hybrid individual heat pumps [Gasunie, 2020].
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6.5.4 District Heating Network Operators

DH network operators in the region North-Holland south are Vattenfall, Westpoort
Warmte and SVP, of which Vattenfall operates the largest DH network.

Interviews

Vattenfall and Westpoort Warmte expect DH networks to play an important role
supplying heat in the regional energy system of 2050. DH is mainly expected to
be an important heating alternative in existing densely built areas. Therefore, an
increase in these networks is expected and being prepared for [Vattenfall, 2022a;
Westpoort Warmte, 2022].

The Amsterdam North & West and Amsterdam South & East DH networks are
planned to be extended and supplied with additional heat sources. Vattenfall and
Westpoort Warmte expect the future main DH sources to be geothermal, indus-
trial waste heat and ambient heat (aquathermal) [Vattenfall, 2022c,a,d; Westpoort
Warmte, 2022]. According to an interviewee of Vattenfall ”it is in some cases de-
sirable to connect multiple geothermal sources to the DH network in order to con-
tinuously supply the base load” [Vattenfall, 2022c]. Geothermal is a viable option
in areas where the DH demand is above a certain threshold. Together with mu-
nicipalities, the Province North-Holland and Eneco, Vattenfall is currently explor-
ing the possibilities for geothermal in the region North-Holland South [Provincie
Noord-Holland, 2022; Vattenfall, 2022c]. However, besides these main expected DH
sources, additional DH sources are required to deliver heat. Therefore, Vattenfall
is planning to realize an E-boiler to supply heat to the DH network of Amsterdam
South & East. [Vattenfall, 2022c,a,d,b; Westpoort Warmte, 2022]. However, there
are still policy challenges involved with this E-boiler, as currently the heat supplied
by this boiler is not classified as renewable, but as equally renewable as the elec-
tricity supply mix [Vattenfall, 2022a]. Furthermore, it is expected that (part of) the
waste incineration plants of AEB will still be available to deliver heat to the DH
network and the Diemen power plant could potentially supply heat using green
hydrogen [Westpoort Warmte, 2022; Vattenfall, 2022c,d]. The use of the existing
biomass plants as a future DH source is debatable [Vattenfall, 2022a,b].

Additional Published Data

• According to the ’Annual and Sustainability Report 2020’ published by Vat-
tenfall [2020], Vattenfall is planning major investment in DH networks. Invest-
ments are being made in the distribution operations in response to increased
capacity requirements, a high number of new connection requests and new
renewable production. This includes investments in the Amsterdam South &
East DH network, which will enable considerable growth in DH in the region.
Additionally, Vattenfall is developing a large 150 MW collective E-boiler in
Diemen with an efficiency of 99,9% (COP of 1). This E-boiler is planned to
supply heat to 20.000 households per year. The advantage of this location is
that there is already a large electricity connection and there is also a large heat
buffer in which any excess heat can be stored. Furthermore, Vattenfall is in-
volved in a feasibility study for geothermal heat, waste heat from data centres
and heat from various water sources in the region.

• According to the ’AEB Jaarverslag 2019’ report published by AEB [2019], AEB
sees serious opportunities to contribute to the growth of heat demand in Am-
sterdam by supplying heat to the DH network of Westpoort Warmte.

• According to the ’Rapportage Systeemstudie Energie-infrastructuur Noord-
Holland 2050’ published by CE Delft [2019], the estimated potential of high-
temperature waste heat sources available within the region is 2,9 PJ/yr.
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6.5.5 Electricity and Heat Suppliers

There are many electricity and heat suppliers active in the region North-Holland
South, such as Vattenfall, Essent, Eneco, ENGIE and Vandebron.

Interviews

Energy suppliers are dependent on the plans of electricity and heat producers and
end-users. Therefore, energy suppliers adapt their plans accordingly with the aim
to maintain their competitive position. With the increased supply and demand of
renewable energy, the role of energy suppliers change. The increase in decentrally
generated electricity and heat causes the role of energy suppliers becomes smaller.
Energy suppliers are starting to present themselves more as energy partners, provid-
ing customized advice for home-owners wanting to switch to renewable alternatives
[Vattenfall, 2022b].

Additional Published Data

• According to the ’Eneco Bestuursverslag 2020’ report published by Eneco
[2020], customer needs are transforming due to the energy transition. There
is pressure on the margin per customer and the loss of ’traditional’ energy
customer contracts. Eneco wants to create added value for customers and de-
velop new energy services with promising technologies such as solar panels,
heat pumps and smart use of data for Smart Home applications.

6.5.6 End-users in the Built Environment

The end-users of the built environment consists of households and services.

Interviews

End-user behavior results in a certain energy demand, energy supplier and, to a
certain extend, energy alternatives. End-user behavior or consumer choices can de-
pend on various values, such as affordability, functionality or climate awareness.
All of the involved actors are taking measures to change end-user’s behaviour in
many ways. End-users are increasingly stimulated to become more aware of the
energy transition, which can cause for energy to be used more efficiently and re-
newable energy alternatives to be chosen. An example is the ’salderingsregeling’ or
energy pricing [Gemeente Amsterdam, 2022]. It is also noteworthy that end-user
choices are impacted by the life time of individual energy alternatives. For instance,
as the average life time of a gas boiler is 15 years, this means that an end-user who
purchases a new gas boiler in 2015 is unlikely to adopt a new heating alternative
until 2030.

6.6 regional energy plans reflection
In the previous sections, regional energy policy and plans of the various involved
actors are explored. In this section, these plans are compared and reflected upon in
order to draw assumptions from them. These assumptions are eventually used to
estimate the energy flows of the regional electricity and heating sector of 2050.
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6.6.1 Overall Alignment

It can be derived that overall, the RES, TVHs and regional energy plans of non-
governmental actors are well aligned. This becomes evident as the regional plans
of the province and municipalities are recognized and supported by the regional
plans of the other involved actors. It becomes clear that the electricity transition
is mainly managed on a national policy level, while the heat transition is mainly
managed on a municipal level. From the interviews it can be concluded that the non-
governmental involved actors require legal and regulatory frameworks to facilitate
and steer the transition pathway. Specifically the TVHs of the municipalities are
used as a guideline along which involved actors can create concrete plans for the
heat transition. This is confirmed as the regional plans of the TVHs and other
actors are well aligned. Moreover, the implementation of the renewed Heat Act
2.0 could provide municipalities with more governing capacity, resulting in even
more alignment between governmental and non-governmental heat transition plans.
However, the leading role of municipalities in the heat transition is new and requires
them to collect new knowledge, expertise and competences, which can cause for
difficulties with regard to managing the local heat transition.

6.6.2 Municipalities Approaches

A misalignment can be identified in the municipalities approaches. There is much
uncertainty regarding the implementation of specific renewable heating sources sub-
stituting natural gas at specific locations and the availability of DH sources. Accord-
ing to the National Climate Agreement, municipalities are expected to present their
concrete implementation plan no later than 8 years before the end date of the nat-
ural gas supply. Municipalities can choose these end-dates, as long as they are
before 2050 [Rijksoverheid, 2019]. This means that theoretically, municipalities have
to present their plans no later than in 2042, in order to become natural gas free
before 2050. However, there are naturally always risks and uncertainties resulting
in delays. Overall, a reluctant and assertive approach to the heat transition can be
distinguished. Two examples are the municipality of Laren and the municipality of
Amsterdam.

• The municipality of Laren is reluctant to officially determine renewable heat-
ing options for specific areas [Gemeente Laren, 2021]. Until 2030, the mu-
nicipality of Laren plans to continue the heat supply with natural gas-fired
individual boilers. This is in line with their basic principle of not forcing
residents to take measures. Moreover, this approach provides extra time for
conducting research regarding suitable future heat sources [Gemeente Laren,
2021].

• The municipality of Amsterdam is an example of a more assertive municipal-
ity. The municipality of Amsterdam plans in their TVH to connect 66% of
the buildings to a DH network by 2040 [Gemeente Amsterdam, 2020]. The re-
mainder of the buildings are planned to be connected to a green gas network
or heated by individual heat pumps. The DH network is planned to be fed
by a mix of heat sources [Gemeente Amsterdam, 2019]. However, it is stated
that most of these sources yet need to be developed and connected [Gemeente
Amsterdam, 2020].

The approaches (reluctant/assertive) of the municipalities both bring along uncer-
tainties. A reluctant approach may result in delays regarding the transition to a re-
newable heat supply. Moreover, an assertive approach in times of uncertainty may
lead to potential malfunctioning infrastructural lock-ins, such as an implemented
DH network without sufficient DH sources. Moreover, different approaches may
result in misaligned local initiatives.
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6.6.3 Coal and Natural Gas

All of the actors unanimously plan and expect coal to be phased out within the
future energy system. Vattenfall has closed the Hemweg-8 coal-fired power plant
in 2020 and there are naturally no further plans for using coal as a electricity or
heating source. The national government aims for natural gas-fired power plants
to be phased-out. However, the province North-Holland, Vattenfall, Gasunie and
Liander view these plants as transition sources. There are currently no concrete
plans for closing these plants. Therefore, the view of natural gas as a transition
source can cause risks, such as a delay in the implementation of ’sufficient’ long-
term alternatives.

6.6.4 Nuclear

It was mentioned by a Vattenfall interviewee that nuclear energy would also ideally
function as an energy source. The use of nuclear power plants in the future energy
system was until recently not included in the plans of the national government.
However, in the most recent Coalition Agreement, it is planned that the nuclear
power plant in Borssele will remain open and two new nuclear power plants will be
realized in the future (after 2030). The siting of these plants will in all probability
not be within the region North-Holland South [Rijksoverheid, 2022].

6.6.5 Wind and Solar Energy

All of the involved actors expect the electricity demand to increase. This electri-
fication is unanimously expected to be supplied with regional onshore wind en-
ergy and decentralized solar energy, for which the RES determined a theoretical
potential. The biggest regional electricity supplier, Vattenfall, wishes to realize on-
shore wind farms in the region. However, only concrete plans for the realization
of offshore wind farms sited in the North sea are currently published. Despite
this, there are good possibilities to realize the full theoretical potential, which is
approximately three times the current capacity. Recent successfully developed on-
shore wind farms in other regions could accelerate the entire process and could
also stimulate other electricity producers to invest in onshore wind. Moreover, the
national and regional governments are very motivated. This motivation is also very
much required in order to realize the full theoretical potential for decentralized so-
lar, which is approximately eight times higher compared to now. In order to achieve
this challenging objective, it is necessary for homeowners to be provided with in-
centives and for Liander, Stedin and TenneT to adapt their grids. This brings along
certain challenges, due to the large required investments, lack of technicians and
regulatory complexity. However, currently homeowners are increasingly motivated
for improving environmental awareness and the installation of solar panels is pop-
ular and financially rewarding. Moreover, grid operators are aware of the plans
to increase decentralized solar and are currently working on solutions. For exam-
ple, home-batteries in combination with solar panels as an alternative for delivering
electricity back to the grid are advised.

6.6.6 Hydrogen

As mainly wind and solar are planned to supply future electricity, additional sources
are required to function as a back-up due to their intermittent nature. The RES and
TVHs do not include any expectations or plans. However, the national government,
province North-Holland, Vattenfall, TenneT, Liander and Gasunie expect hydrogen
to play a role in this. Hydrogen strategies have been published in collaboration
with the province, TenneT and Gasunie. Gasunie intends to realize a ’hydrogen
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backbone’ for hydrogen transport before 2027. This backbone is mainly expected
to be used for industrial clusters and for balancing the fluctuating electricity sup-
ply from wind and solar. Currently, Vattenfall is conducting research regarding
the substitution of natural gas with green hydrogen within the Hemweg-9 plant
and possibly within the Diemen-34 plant. However, the use of hydrogen in the
future energy system brings along challenges and uncertainties. Most importantly,
a sufficient amount of green hydrogen needs to be available. As currently the Vat-
tenfall power plants run on natural gas, their competitive position is relatively poor
compared to applications for which green hydrogen substitutes grey hydrogen (in-
dustrial clusters). Therefore, high capacities of wind and solar are required to be
installed or hydrogen needs to be imported from other countries. As the demand
for hydrogen is expected to be high in the future energy system, actors agree that
the use of hydrogen for supplying heat to buildings is not an obvious choice.

6.6.7 Waste Incineration

According to the RES, TVH of Amsterdam, Vattenfall, AEB and Westpoort Warmte,
the AEB waste incineration plants can contribute to the regional electricity and heat
supply in 2050. On one hand, the decreasing import volumes of waste may lead to
the decommissioning of one of the two units (for example, the AEC unit, the oldest
of the two installations). On the other hand, a shift towards more heat production
and less electricity production is expected. Therefore, the AEB plant can still be
expected to supply heat to the DH network of Amsterdam North & West.

6.6.8 Biomass

The use of biomass within the future energy system is a debatable topic. According
to all involved actors, biomass is viewed as a transition source and therefore is not
necessarily expected to deliver electricity or heat in 2050. This includes the province,
municipalities and Vattenfall. However, AEB, Orgaworld and SVP have no concrete
plans for closing their regional biomass plants. Furthermore, Vattenfall is planning
to realize a biomass heat-only boiler in Diemen, which can supply heat to the DH
network of Amsterdam West and South. Interestingly, the lack of public support
regarding biomass is very visible within this process. The municipality of Diemen
stated the following in 2018: “Vattenfall wants to build a biomass boiler within the
layout of the power plant in Diemen, which is controversial. Biomass is labeled
as ’renewable’ by the national government and therefore substantial subsidies are
provided. However, the municipalities of Diemen, Weesp, Gooise Meren and the
district of Amsterdam-Oost have not asked for this power plant, but will have to
deal with its adverse effects. The municipalities are doing everything within their le-
gal possibilities to stop the construction of the power plant. If that fails, they want to
legally enforce various agreements through a covenant with Vattenfall.” [Gemeente
Diemen, 2018]. As for now, the biomass boiler is not realized. The adverse ef-
fects that are mentioned represent objections regarding the environmental impact
of biomass creating a lack of public support. Clearly, a conflict of interest occurs
here. The view of certain sources as a transition source could be problematical as
the knowledge exists that the use of the source is not optimal and eventually needs
to be substituted. However, the use of biomass can play a viable role in delivering
heat to DH networks, while research regarding geothermal energy is conducted.
Therefore, a biomass lock-in can occur if the potential for long-term renewable DH
sources turns out to be insufficient.
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6.6.9 District Heating

According to the RES, TVHs and regional energy plans of Vattenfall and Westpoort
Warmte, DH networks are expected to be one of the three main sources for renew-
able heating in the regional future energy system. 14 out of 15 municipalities plan
to implement DH networks and the existing DH networks are expected to be ex-
panded. The main heat sources for the existing DH networks are currently the AEB
plants (waste incineration), the Orgaworld installation (biomass) and the Diemen
power plant (natural gas). However, the use of the biomass plants is not particu-
larly supported by the municipalities and the public as mentioned before. Moreover,
the RES identifies the Diemen plant as a transition DH source. Vattenfall plans to
transform this power plant into a green hydrogen plant. However, the use of hydro-
gen for providing heat is viewed as very inefficient by several actors.

According to the RES, the municipality of Amsterdam and Westpoort Warmte, the
waste incineration plants of AEB can play a role as a future DH source. Moreover,
the RES identified various DH sources with a large potential, namely geothermal,
industrial waste heat and aquathermal. In line with this, almost all municipalities
and the dominant DH operator, Vattenfall, expect the same three DH sources to be
dominant. Interestingly, the actors seem to have high hopes for geothermal to be-
come the prime DH source in the future energy system. However, there is still much
uncertainty regarding its availability in the region. The possibilities for geothermal
are currently explored with no break-trough results just yet. Moreover, the high-
temperature industrial waste heat sources have been identified. Low-temperature
industrial waste heat (datacenters) and aquathermal potential is yet to be explored.
Lastly, Vattenfall has currently plans for realizing an E-boiler for delivering heat
to the Amsterdam South & East DH network and the municipalities of Amsterdam
and Haarlem see potential in solar collective boilers. According to Liander, E-boilers
and collective heat pumps could provide flexibility options for the electricity grid.
However, currently the heat supplied by the E-boiler is not classified as renewable
by the Dutch government.

It can thus be stated that there is currently much uncertainty regarding the three
main future DH sources, especially regarding the desired geothermal source. There-
fore, it is surprising that the plans of the regional actors are quite well aligned
regarding the implementation of DH.

6.6.10 Individual Heat Supply

According to the RES, TVHs and regional energy plans, individual (hybrid) heat
pumps and individual gas boilers are the other two main future sources for renew-
able heating. Boilers are expected to be used as a last resort option, in areas were
DH and heat pumps are not possible. Interestingly, all of the published TVHs state
that green gas is planned to be used in both the hybrid heat pumps and the boilers.
Moreover, Gasunie and Liander expect green gas to play a role in heat provision.
However, a misalignment can be identified with regard to the extend of which green
gas is expected to be used for heat supply. The RES states clearly that the use of
green gas is desired to be limited due to ongoing public debates. Moreover, in-
volved actors such as Gasunie, Vattenfall, Westpoort Warmte expect the potential
of green gas to be insufficient for this in the region. Therefore, these actors still
expect natural gas to play a role in supplying heat in the future energy system. As
currently the regional energy system is locked in a natural gas-infrastructure and
it is technically feasible to use green gas within this existing gas-infrastructure, the
choice for green gas seems obvious. However, the choice of municipalities for green
gas can endanger the phasing-out of natural gas within the system, if its availabil-
ity eventually turns out to be low. Therefore, the desire to maintain the existing
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gas-infrastructure to eventually provide green gas for individual boilers and hybrid
heat pumps is a risk.

6.7 future regional electricity and heating flows
Regional energy plans as described in the previous sections will shape the future
energy system of region North-Holland South. The future electricity and heating
sector for energy supply of the built environment include various energy sources,
technologies and end-demand purposes. Naturally, as discussed in section 2.3, it is
challenging to forecast specific transition pathways and the structure of the future
energy system. However, based on the reflection of the regional energy plans, an
estimation of the future energy flows is made.

6.7.1 Assumptions

The estimation regarding the energy flows of the future regional energy system of
2050 is based on various assumptions. These assumptions are derived from the
regional energy plans and the reflection. The exact numerical assumptions can be
found in appendix D, along with the assumption base. The following assumptions
are made:

• The expected electricity and heat demands included in the RES fall within a
small range. For the estimation, the highest combination of heat and electricity
demand for the region North-Holland South is assumed in order to present
the most extreme values.

• Coal and natural gas as a source for electricity and heat supply are assumed
to be eliminated, due to the national climate objectives. Coal has been phased
out in 2020. Moreover, natural gas is assumed to be gradually phased out.

• No nuclear plants are assumed to be realized in the region North-Holland
South.

• The full theoretical regional potential of onshore wind and solar as presented
in the RES is assumed to supply electricity.

• In order to provide for the required flexibility in the electricity supply, hydro-
gen is assumed to play a role. It is assumed that the Hemweg-9 and Diemen-34

plant will be green hydrogen-fired.

• Hydrogen is assumed not to be used as a source for heating of the built envi-
ronment.

• Biomass as a source for electricity and heat supply is assumed to be fully
eliminated, due to the lack of public support.

• The contribution of green gas to the heat supply is assumed to be the maxi-
mum amount available stated in the RES for 2030. This also includes the green
gas used by hybrid individual heat pumps. As the use of green gas is often
mentioned but very uncertain, the maximum amount is assumed for 2050.

• The remainder of the heat demand is assumed to be supplied by DH networks
and individual heat pumps. It is assumed that the contribution of DH and in-
dividual heat pumps to the heat supply are both equal, as clearly a dominant
source can not be identified.

• It is assumed that the existing DH networks Amsterdam North & West and
Amsterdam South & East, will be extended. Moreover, it is expected that new
DH networks will be developed.
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• It is assumed that the contributions of geothermal, industrial waste heat and
aquathermal to the DH networks are equal, as the real potential of these ex-
pected main future sources is yet to be explored. Moreover, the full identified
potential of high-temperature waste heat sources is assumed to supply heat.
The remainder of the industrial waste heat is assumed to be low-temperature.

• The remainder of the DH supply is assumed to be filled with waste incinera-
tion, an E-boiler and collective solar boilers. Waste incineration is assumed to
still contribute to the electricity and heat supply. However, the AEC plant is
expected to be closed and there will be a shift towards more heat production
and less electricity production, so that the Amsterdam North & West DH net-
work can be supplied. Furthermore, the Diemen E-boiler is assumed to supply
heat to 20.000 households per year. Moreover, solar collective boilers are as-
sumed to supply heat to a neighborhood in Haarlem (Ramplaankwartier) and
to a comparable neighborhood in Amsterdam.

Validity

The assumptions are based on the regional energy plans and the reflection. From
the reflection, it became evident that there is still much uncertainty regarding the
exact contribution of renewable electricity and heating sources to the energy sup-
ply. Therefore, the contributions can deviate greatly from the assumptions that are
made. Resulting from the reflection, the biggest uncertainties are regarding the
exact availability of geothermal, low-temperature industrial waste heat and green
gas. The absence of the former two DH sources can lead to an increased electrifica-
tion for heat supply, while the absence of the latter heat source can lead to the use
of natural gas or green hydrogen in individual boilers. The use of hydrogen can
subsequently result in an increased electricity demand or green hydrogen import.

6.7.2 Interconnections of System Components

Figure 6.4 shows the comparison between the system diagrams of the current re-
gional energy system and the estimated future regional energy system. The system
diagrams visualize the differences between the interconnections of the system com-
ponents and the direction of the energy flows.

(a) Current (2019) national (b) Current (2019) regional

Figure 6.4: System diagrams of the interconnections between the system components of the
current and estimated future electricity and heating sector for the built environ-
ment of region North-Holland South



6.7 future regional electricity and heating flows 75

In the expected future regional energy system, some of the current components
remain. Fluctuating RE sources, such as onshore wind and solar still generate elec-
tricity and waste incineration CHP plants still produce both electricity and usable
heat for the DH networks. Moreover, ambient heat is used to fulfill heat demand in
a decentralized manner through individual heat pumps. However, some additional
components contribute to the energy supply in the future energy system. Green hy-
drogen is produced from electricity surpluses and substitutes coal and natural gas
within power plants. Moreover, green gas is produced through biomass fermen-
tation and gasification. The green gas is used as an energy source for individual
boilers and hybrid heat pumps. Furthermore, solar is used as a source for collective
boilers, which supply heat to the DH network. Lastly, geothermal, industrial waste
heat and ambient heat are used as a source for DH, via collective heat pumps in
case of low-temperature. Both types of heat pumps additionally require electricity.

6.7.3 Quantified Energy Flows

Figure 6.5 shows the comparison between the sankey diagrams of the current energy
system and the international scenario energy system. This figure illustrates the
major differences between the two energy systems in terms of quantified energy
flows.

(a) Current (2019) (b) Future (2050)

Figure 6.5: Sankey diagrams of the energy flows in PJ between the system components of
the current and estimated future electricity and heating sector for the built envi-
ronment of region North-Holland South. Left side of each diagram represents
supply, right side represents demand.

The final energy supply for electricity in the built environment experiences a shift
from natural gas to mainly import. Furthermore, other sources for electricity are
onshore wind, solar, hydrogen and waste incineration of which mainly the contri-
bution of solar increases. The final energy supply for heat in the built environment
shifts from natural gas to DH, ambient heat and green gas. All of these three sources
experience a substantial growth. Moreover, multiple sources are used for the DH
supply, namely geothermal, industrial waste heat, waste incineration, ambient heat
and solar. Geothermal, industrial waste heat and ambient heat are the largest con-
tributors. The share of RE sources within the future electricity, heating and district
heating supply on a regional scale are all 99%.
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6.8 interconnections between electricity and heat
In this section, the focus lies on the coupling elements forming interconnections
between electricity and heat within the current and future regional energy systems.

6.8.1 National Coupling Elements

In the current regional energy system, the three following specific interconnections
are identified:

• Individual heat pumps function as a coupling element between heat supply
and electricity demand.

• CHP plants function as a coupling element between heat supply and electricity
supply. The heat is delivered via DH networks.

In the future regional energy system, the same coupling elements as included in
the current energy system are expected to play a role. However, two additional
coupling element are included:

• Collective heat pumps function as a coupling element between heat supply
and electricity demand. The heat is delivered via DH networks.

• An collective electric boiler functions as a coupling element between heat sup-
ply and electricity demand. The heat is delivered via DH networks.

The first three coupling elements have already been discussed in section 5.6. Their
characteristics are also applicable to the regional coupling elements. Therefore, the
current and future average COPs as assumed for the individual and collective heat
pumps are applied here. The collective electric boiler (E-boiler) was not included
in the national energy system. In the future regional energy system, an E-boiler is
able to supply heat via the DH system. As discussed in section 6.5, an average COP
of 1 is assumed, as all the demanded electricity is converted into heat.

6.8.2 Quantified Interconnections

Figure 6.6 compares the contributions of the coupling elements for the current and
estimated future regional energy system to the heat supply, electricity demand and
electricity supply. Currently, the contribution of coupling elements to the heat sup-
ply is relatively small. However, in the future system, almost 70% of the heat sup-
ply technologies are estimated to be connected to the electricity sector. Similar to
in the national transition, an increased IES approach is thus expected to be taken
in order to achieve climate objectives. The individual heat pumps (orange colours)
contribute the most to this substantial increase. Moreover, it can be derived that
the contribution of the coupling elements to the electricity demand is estimated to
increase substantially. In the current energy system, a negligible interconnection is
made with electricity demand through individual heat pumps using ambient heat.
This contribution is so small (0,1%) that it is barely visible in the figure. In the
future energy system, the contribution to the electricity demand is estimated to in-
crease approximately 180 times. Again, the individual heat pumps (orange colours)
mainly contribute to this. Lastly, it becomes evident that the contribution of the
coupling elements to the electricity supply is expected to decrease extremely. Cur-
rently, CHP plants (blue colours) supply approximately half of the total electricity
supply. In the future energy system, natural gas-fired CHP plants are estimated to
be eliminated and only part of the waste incineration CHP plant are estimated to
contribute to the electricity supply.
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Figure 6.6: Regional contribution of current and future coupling elements to the heat supply,
electricity demand and electricity supply for the built environment

Overall, the heating system transitions from a system that has a connection with
electricity supply, to a system that is largely connected with electricity demand. The
waste incineration plants are estimated to fulfill approximately 16% of the electricity
demanded by heat alternatives. The remainder of the electricity demand is required
to be fulfilled by other sources.

6.9 conclusion

6.9.1 Regional Energy Transition

In this chapter, the fourth sub-question How are the electricity and heating sector ex-
pected to transition according to the regional energy plans in a specific Dutch region? is
answered as follows:

The electricity transition is mainly managed on a national policy level, while the
heat transition is mainly managed on a municipal level. Therefore, municipalities
have a lot of responsibility regarding facilitating the local heat transition. However,
municipalities lack experience with regard to managing the local heat transition,
which can result in misaligned local initiatives, delays or malfunctioning lock-ins
in the region North-Holland South. Therefore, the province North-Holland wishes
to improve the collaboration of municipalities among each other and with other
actors by establishing the Service Point for Sustainable Energy (SPSE). Currently,
the overall regional energy plans of the involved actors are well aligned, except for
some misalignments regarding municipalities approaches and the use of transition
sources, such as natural gas and biomass.

The current regional energy system is primarily based on natural gas. According to
the Regional Energy Strategy (RES), Transition Visions for Heat (TVH) and regional
energy plans of involved non-governmental actors, an estimation is made of the fu-
ture energy system of the region North-Holland South. The energy system includes
a significant electrification, which is based on a large-scale supply of imported elec-
tricity. Moreover, solar, wind and waste incineration supply part of the electricity,
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while hydrogen functions as a means for providing flexibility. Especially the large
planned increase in solar panels can be challenging. The energy system uses DH,
(hybrid) individual heat pumps and green gas individual boilers to supply heat.
These renewable heating alternatives each have various challenges to overcome be-
fore large scale implementation can be realized, regarding infrastructure, source
availability and costs. Sources for DH are estimated to be geothermal, industrial
waste heat, ambient heat and waste incineration. However, research still is required
to confirm the availability of these DH sources.

6.9.2 Regional District Heating Transition

In the national analysis in chapter 5, it was concluded that the national transition
to renewable DH can potentially cause for five trends. The regional analysis was
conducted in order to explore how these trends are substantiated within the region
of North-Holland South. The fifth sub-question What is the impact of the transition
to renewable district heating on the electricity and heating sector according to the regional
energy plans of a specific Dutch region? is answered as follows:

Trend 1: Increased DH Supply

It is expected that DH will become one of the most important heating alternatives
increasing its contribution to the heat supply from 7% to 42,5%. The aim is to even-
tually substitute the current individual natural gas-fired boilers. The implementa-
tion and expansion of DH networks seems to be very popular amongst involved
actors. Many municipalities have identified neighborhoods in which a DH network
is desirable. Municipalities want collaborate with DH network operators and heat
producers in order to realize these networks. However, as DH networks are natu-
rally dependent on their DH sources, the availability of these sources in the region
determines if the desired DH networks can actually be realized.

Trend 2: Competition with Other Heating Alternatives

Municipalities see potential in (hybrid green gas) individual heat pumps and green
gas-fired individual boilers as other heating alternatives. DH and individual heat
pumps are preferred over green gas boilers. Green gas boilers are planned to be
used only where no alternatives are possible. A misalignment was identified re-
garding the use of green gas. On one hand, the municipalities and grid operators
expect green gas to play a role. On the other hand, the RES, heat producers, grid
operators and DH operators do not foresee a sufficient potential for green gas for re-
newable heat supply. As currently the regional energy system is locked in a natural
gas-infrastructure and it is technically feasible to use green gas within this existing
gas-infrastructure, the choice for green gas seems obvious. However, the choice of
municipalities for green gas can endanger the phasing-out of natural gas within the
system, if its availability eventually turns out to be low.

Trend 3: Varying and Uncertain DH Sources

DH sources are expected to shift from mainly natural gas-fired CHP plants to re-
newable alternatives. From the RES and TVHs it becomes evident that there is
no room for coal, natural gas and biomass in the regional energy system of 2050.
Heat producers thus prepare to close or re-design these power plants. However,
these plans cause for some confusion, as natural gas and biomass are viewed as
transition sources. Therefore, heat producers can be reluctant to make decisions re-
garding closure or re-design, especially when new DH networks are being realized.

As the DH supply is expected to increase substantially, renewable DH sources are
desperately required. In the RES, several potential DH sources are described. Many
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of these DH sources also appear in the TVHs of the municipalities. Geothermal,
industrial waste heat and ambient heat are planned to be the biggest DH sources.
Additionally, collective solar and electric boilers and waste incineration CHP plants
contribute. Municipalities and DH operators are very motivated to discover a suf-
ficient amount of geothermal energy. If there is sufficient potential, geothermal is
desired to supply the base load of the DH supply. Therefore, exploratory research
is being conducted and permits are pending. However, at this rate, the first geother-
mal source is not operational before 2030. Moreover, serious delays can occur due
to the lack of public support, especially regarding the large-scale application of
geothermal. Simultaneously, the potential of industrial waste heat and ambient
heat is explored and solar and e-boilers are being developed. The realization of
these sources brings along less uncertainties compared to geothermal. However,
serious investments and collaboration are required in order to realize these plans.
Overall, there is still a long way to go before the future DH sources are actually
realized. This stimulates transition sources such as biomass and natural gas to be
part of the energy system longer. Moreover, it can stimulate the desire for other
renewable heating alternatives, such as individual heat pumps and individual boil-
ers.

Trend 4: Increased Electricity Demand

DH networks are perceived as promising due to the potential of the DH network
to use high-temperature sources, such as geothermal, high-temperature industrial
waste heat and waste incineration. As these sources do not require a collective heat
pump, they limit the electricity demand. If a high potential for geothermal and
high-temperature waste heat is realized, less electricity will be required to fulfill the
DH demand and vice versa. In addition to these high-temperature sources, low-
temperature waste heat from datacenters identified as DH source. As the tempera-
ture of this source is still higher than that of ambient heat, less electricity is required
to upgrade the heat. Collective heat pumps using ambient heat are also considered
as a DH source. However, the higher temperature DH sources are preferred. DH
competes to a certain extend with individual heat pumps. Individual heat pumps
use ambient heat and therefore require more electricity compared to DH networks
that use high-temperature sources or low-temperature industrial waste heat. There-
fore, individual heat pumps put more pressure on the electricity grid.

Overall, it can be stated that it is expected that both the future heating sector in gen-
eral and DH specifically will demand more electricity than in the current regional
energy system. The heating sector is thus estimated to be electrified. In order to
sufficiently supply the demanded electricity, the capacity of the electricity grid is
required to increase. Therefore, the grid operators plan to adapt their investment
plans in order to increase and maintain grid capacity in strategic areas. An advan-
tage of DH is that the involved coupling elements provide options regarding the
balancing of the electricity grid, as collective heat pumps and electric boilers can be
combined with a heat buffer. This way, renewable heat can be stored. The potential
of this flexibility mechanism depends on the thermal storage capacity of the buffers.

Trend 5: Decreased Electricity Supply

In the current system, the natural gas-fired CHP plant is the largest coupling el-
ement and contributor to both the DH and electricity supply. These plants are
planned to be eliminated, resulting in an electricity supply gap. As the electricity
demand is estimated to increase, the realization of sufficient electricity generation
capacity is crucial.
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6.9.3 Overall Conclusion

In the region North-Holland South, both governmental and non-governmental ac-
tors expect the most important heating alternatives to be DH and individual heat
pumps. Therefore, the transition to a renewable heating system is estimated to re-
sult in an increased electricity demand. Electrification of the heating sector through
especially individual heat pumps is expected. DH is viewed by all involved actors
as a promising renewable heating alternative and there seems to be a ’DH hype’.
DH networks are perceived as promising due to the many potential renewable DH
sources. The use of high-temperature DH sources can limit electricity demand,
while the use of low-temperature sources in combination with a collective heat
pump can provide flexibility to the electricity grid. Therefore, DH could provide
some relief for the electricity system.

However, research still is required to confirm the availability of DH sources, es-
pecially for geothermal. Therefore, different approaches of municipalities lead to
different potential risks. Whenever municipalities assertively choose to implement
DH networks connected to transition sources such as natural gas and biomass, there
is a possibility that sources such as geothermal are not available. This can cause mu-
nicipalities to be locked-in in a DH infrastructure without sufficient renewable DH
sources. Moreover, whenever municipalities have a reluctant approach, this can re-
sult in a delay of policies leading to not meeting climate objectives. Lastly, different
approaches may result in misaligned local initiatives.



7 N AT I O N A L V E R S U S R E G I O N A L
E N E R GY S Y S T E M S

In this chapter, the national and regional energy systems as explored in chapter
5 and 6 are compared in order to determine similarities and differences in their
transition. The sixth sub-question How do the transitions of the national and regional
electricity and heating sector compare? is answered. The methods as discussed in
chapter 3 are applied.

7.1 current energy systems
The regional energy system of North-Holland South is part of the national Dutch
energy system. In this section, the current energy systems of the areas are com-
pared.

7.1.1 Area Properties

The region North-Holland South is characterized by a highly urbanized area around
Amsterdam. The surrounding areas have a more rural character with agricultural
activity. However, many residential areas can also be identified there. Table 7.1
shows the national and regional area properties for the built environment in 2019.
Overall, the region has a much higher building density than the Netherlands [CBS,
2019c]. This property heavily impacts the manner in which the regional energy sys-
tem is designed [Keirstead et al., 2012].

Property National Regional Share [%]
Population [#] 17.282.163 2.181.670 13

Buildings [#] 7.814.912 978.902 13

Surface [ha] 4.154.303 162.665 4

Building Density [#/ha] 1,9 6,0 316

Table 7.1: National and regional area properties of the built environment in 2019. Data
Sources: CBS [2019c,d, 2015a]

7.1.2 Current Energy Flows

Figure 7.1 and figure 7.2 depict the comparison between the interconnections of the
system components and the quantified energy flows of the current national and re-
gional electricity and heating sector respectively.

81
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(a) Current (2019) national (b) Current (2019) regional

Figure 7.1: System diagrams of the interconnections between the system components of the
regional and national electricity and heating sector for the built environment in
2019

(a) Current (2019) national (b) Current (2019) regional

Figure 7.2: Sankey diagrams of the energy flows in PJ between the system components of
the current national and regional electricity and heating sector for the built envi-
ronment

It can be derived that the systems are quite similar, except for the contribution of
nuclear power plants and import to the electricity supply and the contribution of
industrial waste heat for DH supply. Both energy systems currently heavily rely on
natural gas for electricity and heating supply. However, in the regional electricity
sector, relatively more natural gas and coal are used to supply electricity, while rela-
tively less wind and solar are contributing. The difference in wind energy is partly
explained by the absence of offshore wind in the regional energy system. Further-
more, the contribution of waste incineration to the DH supply is relatively higher
in the regional system. The availability of this DH source can be an explanation
for the larger DH supply in the region North-Holland South. Moreover, the higher
building density within the region can also stimulate the implementation of DH
networks.
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7.2 future energy systems
In this section, the future energy system of the region North-Holland South is com-
pared to the energy systems of the national scenarios.

7.2.1 Driving Factors

When comparing the driving forces of the scenarios as discussed in section 5.4 with
the regional energy plans of the case study, several observations can be done.

• A resemblance can be identified with regard to the regional scenario. In this
scenario, the Dutch government outsources the governance of the energy tran-
sition largely to provinces and municipalities. Residents and companies are
actively involved in projects initiated by local government bodies, such as solar
PV, DH and home insulation. This approach is quite similar to the identified
approach regarding the heat transition.

• A resemblance can be identified with regard to the national scenario. In this
scenario, the national government takes the lead. This will lead to projects
with high start-up costs, such as large-scale offshore wind and a national
hydrogen infrastructure. This approach is quite similar to the identified ap-
proach regarding the transition of the electricity sector.

It could therefore be the case that the national scenario will have a similar electricity
supply mix to the case study, while the regional scenario will have a similar heat
supply mix.

7.2.2 Electricity Supply

Figure 7.3 depicts the comparison between the future electricity supply of region
North-Holland South and the national scenarios. With regard to wind and solar,
the composition of the regional electricity supply mix is similar to the regional and
national scenario, as solar is clearly a bigger contributor than wind. These scenarios
assume a large installation of decentralized solar panels by residents, as depicted in
figure 7.4. This trend can also be identified in the case study. Moreover, no central-
ized electricity generation via solar is estimated in the region. This expectation fits
the most with the regional scenario, as the share of centralized solar is the lowest.

With regard to import and the use of hydrogen, the regional supply mix compares
to the international scenario. In the international scenario, the use of imported
electricity and hydrogen was explained by the level of openness of the energy mar-
kets. Resulting from this, an advanced international infrastructure for the exchange
of energy carriers (hydrogen, electricity) may be required. The use of imported
electricity in the region can be explained by the fact that the region is part of the
Netherlands. Therefore, the imported electricity does not necessarily originate from
other countries, but from other regions as well, which is quite plausible. Moreover,
the use of hydrogen in the region is explained by the conversion of the natural gas
power plants into green hydrogen plants to provide flexibility. The used hydrogen
is imported from other regions, such as hydrogen produced at the North-Sea.
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Figure 7.3: Final energy demand of the built environment in the case study (2050) and sce-
narios (2050)

Figure 7.4: Final energy demand of the built environment in the case study (2050) and sce-
narios (2050)

7.2.3 Heat Supply

The comparison between the future heat supply of region North-Holland South and
the national scenarios is depicted in figure 7.5. The three main heating alternatives
are identified to be DH, individual heat pumps and individual boilers. DH and
individual heat pumps are included in all of the scenarios. However, the use of
green gas in individual boilers is not. The composition of the heat supply mix is
quite similar to in the regional and national scenario. However, no individual solar
boilers were assumed to be used. Biomass, hydrogen and natural gas for heat sup-
ply of the built environment were assumed not to be used according to the regional
energy plans.

In the regional scenario, a political driver for DH is the local governance of the
energy system, which causes DH networks to be realized. Therefore, the share of
DH is higher than the share of individual heat pumps. In the national scenario,
the national government takes the lead in the heat transition and therefore, solely
large-scale DH networks are realized. This results in a lower share of DH. From the
analysis of the regional energy plans, it became evident that indeed the implemen-
tation of DH networks on all scales is an attractive renewable heating alternative
for municipalities. The impression was created within the TVHs that municipalities
preferred the use of DH networks over individual heat pumps, due to lower social
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Figure 7.5: Final energy demand of the built environment in the case study (2050) and sce-
narios (2050)

costs and less electricity demand. Therefore, although the share of DH and individ-
ual heat pumps are equal in the regional energy system, it fits the regional energy
scenario the most.

7.2.4 District Heating Supply

Figure 7.6 depicts the comparison between the future DH supply of region North-
Holland South and the national scenarios. The DH sources identified were geother-
mal, ambient heat, industrial waste heat, waste incineration and an electric boiler.
Except for the electric boiler, these DH sources were included in the scenarios. How-
ever, this exact composition of the DH supply mix is not similar to any of the sce-
narios. Biomass, hydrogen and green gas for DH supply of the built environment
were assumed not to be used according to the regional energy plans.

Figure 7.6: Final energy demand of the built environment in the case study (2050) and sce-
narios (2050)

With regard to geothermal, the regional and national scenario compare the most
to the case study. It can be derived that in the regional scenario, the high share of
geothermal as DH supply source in the regional scenarios is a result of municipal in-
centives. Municipalities are actively searching for geothermal sources to make heat
available to their residents. Additionally, municipalities jointly realize larger-scale
heat networks, in order for municipalities with less geothermal potential to have suf-
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ficient available heat. These larger-scale heat network also explain the high share
of geothermal in the national scenario, in which the national government takes the
lead. From the regional energy plans, it became evident that the geothermal is an
attractive option for municipalities and DH operators. Municipalities really take the
lead in the search for geothermal and desire to realize a large potential. Therefore,
the regional energy system fits regional scenario the most with regard to geother-
mal.

Waste incineration emerges in the national, European and international scenario.
These scenarios are not particularly driven by a high level of public environmental
awareness. Therefore, it can be derived that there would be public support regard-
ing waste incineration in combination with CCS. Moreover, it can be derived that in
that case there will be waste to incinerate, as no fully circular economy is achieved.
In the case study, the use of the AEB waste incineration plant for DH supply is
also stimulated and not necessarily objected. As the share of waste incineration is
the highest in the international scenario, the regional energy system resembles this
scenario the most.

Lastly, there is much unclarity regarding the expectations for industrial waste heat
and ambient heat. Industrial waste heat only emerges in the international, ADAPT
and TRANSFORM scenario. With regards to share, the international scenario com-
pares the most to the case study. From the driving forces of the international sce-
nario, it is not clear why industrial waste heat is used as a DH source. Moreover, it
is also not clear why the regional scenario does not expect industrial waste heat to
play a role in their DH supply. From the regional energy plans it became evident
that municipalities stimulate the use of industrial waste heat from high temperature
sources and datacenters, as these are local DH sources.

7.2.5 Interconnections between Electricity and Heat

Figures 7.7, 7.8 and 7.9 compare the contributions of the coupling elements for the
regional energy system and the scenarios to the heat supply, electricity demand and
electricity supply respectively.

Figure 7.7: Contribution of coupling elements to the heat supply for the built environment
in the case study (2050) and the scenarios (2050)
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Figure 7.8: Contribution of coupling elements to the electricity demand for the built environ-
ment in the case study (2050) and the scenarios (2050)

Figure 5.10 and 5.11 show that the regional energy system compares most with the
national scenario with regards to percentages. Both of these systems expect almost
70% of the heat supply technologies to be connected to the electricity sector. Mainly
individual heat pumps (orange colours) and collective heat pumps (green colours)
contribute to this, as they demand electricity in order to function. The use of collec-
tive hydrogen boilers and individual hydrogen heat pumps is not included in the
regional energy system and therefore, the demanded electricity remains average.

Figure 7.9: Contribution of coupling elements to the electricity supply for the built environ-
ment in the case study (2050) and the scenarios (2050)

From figure 5.12 it becomes evident that the regional energy system expects the
contribution of the CHP plants to be approximately 3,5%. The European scenario
compares most with this as the contribution is expected to be 1% and no green
gas-fired CHP plants are included.
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7.3 conclusion
In this chapter, the sixth sub-question How do the transitions of the national and re-
gional electricity and heating sector compare? is answered as follows:

Both the national and regional current energy systems have similar interconnections
and are highly dependent on natural gas. The driving forces of the regional and
national scenario strongly resemble the case study approach with regard to the heat-
ing and electricity sector respectively. However, it can be concluded that the future
regional energy system of 2050 resembles a mix of mainly the regional, national and
international scenarios.

This resemblance does not mean that the future national energy system of 2050 also
will resemble a mix of the regional, national and international scenario. The results
of merely one Dutch region can not be generalized with regard to the national
energy system. This is strengthened by the differences in area properties between
the region North-Holland South and the Netherlands. Moreover, the estimation of
the future regional energy system was based on many assumptions with associated
uncertainties.



8 D I S C U S S I O N A N D C O N C L U S I O N

In this thesis, the impact of the transition from traditional to renewable DH on the
Dutch electricity and heating sector is explored on both a national and regional
level. In this chapter, the main findings are discussed and reflected upon. Lastly, a
final conclusion is given.

8.1 main findings
By combing the findings of the sub-questions answered throughout this thesis, the
main research question What is the impact of the transition from traditional to renewable
district heating on the Dutch electricity and heating sector? is answered.

The current Dutch energy system is experiencing an infrastructural natural gas lock-
in, complicating the transition to a renewable energy system. In the national scenar-
ios, there is much consent with regard to the energy mix for large-scale renewable
electricity supply, while there is a great deviation in expected renewable heating
alternatives. Moreover, the availability of renewable heating sources and especially
DH sources is currently quite uncertain. The transition to renewable DH does not
always seem to make sense alongside the strong expectations of a fully renewable
electricity supply. This is mainly due to the elimination of the current main DH
source, the natural gas-fired CHP plant. Overall, it is currently not clear how to
exactly realize the national heat transition.

Regional energy plans provided more clarity to the implementation of DH in the
region North-Holland South. The transition to a renewable DH system in the region
is expected to have an impact on the electricity and heating sector.

• Electricity sector: I) the use of renewable high-temperature DH sources limits
electricity demand, II) the use of renewable low-temperature sources in com-
bination with a collective heat pump or E-boiler increases electricity demand,
but can provide flexibility to the electricity grid through thermal storage.

• Heating sector: I) individual natural gas-fired boilers are substituted, II) cur-
rent DH sources are substituted by uncertain renewable DH sources.

Both governmental and non-governmental actors expect renewable DH to be an
important heating alternative in the region, despite the uncertainty regarding DH
source availability. Regional future DH sources are estimated to be geothermal, in-
dustrial waste heat, ambient heat and waste incineration. However, there is a long
and uncertain way to go before these DH sources are actually realized. Current
research regarding source availability is not sufficient and there is potential for the
lack of public support. This uncertainty causes risks to occur, as transition sources
such as biomass and natural gas are stimulated to be part of the energy system for
a longer period. The use of transition sources can cause delays in the implementa-
tion of long-term alternatives. Moreover, if DH systems are connected to transition
sources while renewable DH sources will not become available, the energy system
will be locked-in in a traditional DH infrastructure. Lastly, uncertainty may result
in different approaches and misaligned local initiatives.

89
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In order to fully understand the impact of the transition to renewable DH, it is im-
portant to understand the context in which this transition occurs. First, the regional
energy system expects a significant electrification. This electrification needs to be
supported by large volumes of renewable electricity. This can be challenging, as
there must be a sufficient amount of regionally imported electricity, wind and solar
energy and an enhanced electricity grid. Second, besides DH networks, planned re-
newable heating alternatives are mainly (hybrid green gas) individual heat pumps
and a limited amount of green gas-fired individual boilers. Uncertainty regarding
source availability is also applicable here, causing risks to occur. The use of individ-
ual heat pumps substantially increases the electricity demand. Moreover, the choice
of municipalities for green gas can endanger the phasing-out of natural gas within
the system and cause an infrastructural lock-in of the existing gas-infrastructure, if
the availability of green gas eventually turns out to be low.

Considering this specific regional context, the impact of the transition to renewable
DH can be beneficial. First, the implementation of DH in combination with both
high- and low-temperature sources can provide some needed relief for the electric-
ity sector. Secondly, there are uncertainties and risks related to source availability
involved with all of the regionally planned renewable heating alternatives. These
risks can be spread by implementing renewable DH, as there are many potential DH
sources (even though uncertain). However, due to the involved uncertainties, risks
and complex interactions between actors, technology and institutions, designing the
future heat supply is challenging and decision-making is difficult. The heat transi-
tion is mainly managed on a municipal level without much collaboration with other
levels of government. Municipalities have the final responsibility. Their identified
lack of experience with regard to managing the local heat transition can increase
the risks of misaligned local initiatives, policy delays and malfunctioning lock-ins.

8.2 societal reflection
The findings of this thesis have societal implications for policy and practice that
result in several recommendations for policy-makers and project developers. This
will bring the Netherlands closer to becoming natural gas free and achieve national
climate objectives.

8.2.1 Societal Implications

The implementation of DH can be beneficial under specific local conditions. How-
ever, there are still uncertainties regarding the availability of energy sources. This
is the case for DH sources specifically, but also with regard to green gas and re-
newable electricity required for other renewable heating alternatives. Due to the
urgency of the heat transition, choices regarding renewable heating alternatives and
synergies between electricity and heat must be made now. The better these choices
are made, the more misaligned local initiatives, policy delays and malfunctioning
infrastructural and heat source lock-ins can be prevented. Therefore, municipalities
are strongly advised to collect new knowledge, expertise and competences regard-
ing the facilitation of the heat transition. This can help with creating the legal and
regulatory frameworks required to steer the transition pathway. Hereby, several fac-
tors are particularly important.

First, municipalities are advised to recognize the potential risk of delay and infras-
tructural and source related lock-ins within their decision-making. Hereby, an im-
portant factor is the careful use of transition sources. It is recommended to conduct
risk assessment studies, include back-up sources for heat supply within the feasibil-
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ity studies and determine the real potential of planned heat sources as soon as pos-
sible. This contributes to forming more certain, adaptive and concrete energy plans.
It is advised to monitor and stimulate the development of planned heat sources,
specifically geothermal, industrial waste heat and green gas. This can be done by
collaborating with the national government, energy producers and grid operators
and provide incentives. Simultaneously, municipalities are advised to monitor and
increase the participation of citizens in the heat transition. It is advised to actively
invite and thoroughly involve local residents to the decision-making process in an
early stage, especially in order to create public support for geothermal and green
gas as heat sources. Lastly, due to the expectation for a substantial electrification
of the heating sector, it is important for municipalities to monitor the renewable
electricity demanded by heat alternatives. Depending on the electrification of the
heating sector and the need for flexibility, municipalities can stimulate thermal stor-
age in combination with coupling elements within DH systems.

Besides the important role that municipalities need to play, provinces are advised
to play a role in the collaboration between involved actors, as different approaches
can lead to misaligned local initiatives. It is recommended to further monitor and
facilitate the collaboration between different municipalities, energy producers and
grid operators and act as a intermediary between municipalities and national gov-
ernment. It is important to stimulate supra-municipal collaborations, the sharing
of developments and the evaluation and alignment of concrete plans. Moreover,
energy producers and grid operators are advised to respond to the mentioned rec-
ommendations for municipalities. They are advised to pursue the exploration of
the potential for geothermal heat, industrial waste heat and green gas and investi-
gate the possibilities for thermal storage within the energy system. Electricity grid
operators are recommended to address the need for flexibility and collaborate with
DH grid operators and heat producers.

Moreover, the expectation for a substantial electrification of the heating sector also
has implications for the national government. First, it is recommended to imple-
ment policies that enable electricity grid operators to pre-invest to increase grid
capacity. As a large electrification of the heating sector is expected, electricity grids
require to have a sufficient capacity in order to prevent congestion. Moreover, the
national government is advised to keep monitoring the national expected increased
electricity demand and associated required generated and imported electricity.

Following from this last point, all involved actors are advised to be highly aware of
the increasing dependency on electricity. A fully renewable electricity supply is ex-
pected to be based on large shares of solar and wind energy and possibly imported
electricity. This raises questions regarding the future import demand of Dutch re-
gions and the Netherlands as a whole. The extent to which electricity import is
possible, is dependent on how other countries design their future energy system
and geopolitical conditions. A risk occurs when other countries are not able or
willing to export electricity for a fair price (or not at all), while the Dutch electricity
supply can not fulfill demand. As other European countries are also shifting from
conventional sources to fluctuating RE sources, it is uncertain if a sufficient amount
of electricity will be available to sustain Europe’s security of supply. According
to TenneT [2020] ”an important risk of a greater decline in security of supply is a
greater decline in available flexible production capacity in the European system”.
The dependency on imported electricity as a main energy carrier raises questions
regarding the desirability of the expected strong electrification of the heating sector.
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8.2.2 Recommendations for Policy-Makers and Project Developers

The recommendations for the involved regional actors following from the societal
implications of the main findings are summarized in table 8.1.

Actor Recommendation Based on Main Finding
Municipalities

• Recognize the identified risks of delays
and infrastructural and heat source lock-
ins within energy plans

• Monitor and stimulate the development
of (district) heat sources, especially
geothermal, industrial waste heat and
green gas

• Monitor and increase the participation
of citizens in the heat transition, espe-
cially regarding large-scale geothermal
and green gas applications

• Monitor the renewable electricity de-
manded by heat alternatives

• Stimulate thermal storage combined with
coupling elements in DH systems

• Actively take part in collaboration with
other municipalities and involved actors

• (District) heat source uncertainty leads to
risks of delays and infrastructural and
heat source lock-ins

• Large amounts of uncertain (district) heat
sources are required, especially geother-
mal, industrial waste heat and green gas

• The potential lack of public support can
cause serious delays in the development
of expected (district) heat sources, espe-
cially geothermal and green gas

• A significant electrification of the heating
sector is expected

• DH systems can provide relief for the elec-
tricity sector through thermal storage

• Different approaches can lead to mis-
aligned local initiatives

Provinces
• Monitor, facilitate and stimulate the col-

laboration between different municipali-
ties, energy producers and grid operators
by extending the SPSE

• Act as a intermediary between municipal-
ities and national government

• Different approaches can lead to mis-
aligned local initiatives

• Different levels of government (municipal-
ities, provinces and national government)
do not cooperate sufficiently

Energy
producers &
Grid
operators

• Explore the potential for geothermal heat,
industrial waste heat and green gas

• Investigate the possibilities for thermal
storage combined with coupling elements

• Collaboration between electricity grid op-
erators, DH grid operators and heat pro-
ducers

• Large amounts of uncertain (district) heat
sources are required, especially geother-
mal, industrial waste heat and green gas

• DH systems can provide relief for the elec-
tricity sector through thermal storage

• Different approaches can lead to mis-
aligned local initiatives

National
government • Implement policies that enable the elec-

tricity grid operators to pre-invest to in-
crease grid capacity

• Closely monitor the national expected in-
creased electricity demand and associated
required generated and imported electric-
ity

• Closely monitor progress of local heat
transitions via provinces

• The expected electrification requires an
enhanced electricity grid

• The expected electrification needs to be
supported by large volumes of renewable
electricity

• Municipalities lack experience with re-
gard to managing the local heat transition

Table 8.1: Recommendations for involved regional actors
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8.3 academic reflection
This thesis has implications within the academic field. In the academic reflection,
the scientific contribution of this thesis is discussed. Moreover, the applicability of
the CoSEM perspective is highlighted and limitations of the research are addressed.

8.3.1 Scientific Contribution

As mentioned in section 2.1, a particular subset of literature emphasizes the impor-
tance of DH within an IES [Lund et al., 2018b,a; Yu et al., 2018; Askeland et al.,
2019; Li et al., 2020; Wang et al., 2021; Golmohamadi et al., 2022]. Accordingly, the
present thesis shows that the Dutch electricity and heating sector are becoming in-
creasingly integrated and an important role for DH is identified. However, Lund
et al. [2018a] concluded that the primary current challenge is the understanding of
the implementation of DH systems in an IES, in which an understanding of the
local concrete conditions is required. Therefore, the present thesis contributes to ex-
isting scientific literature. It offers new and in-depth insights into the local concrete
conditions involved with the transition to renewable DH by using an exploratory
and mixed-methods case study approach.

The impact of the transition to renewable DH systems on the electricity and heat-
ing sector depends on the local context. The local context can vary and herewith
the desirability of renewable DH systems. Hereby, it is important to consider the
availability of renewable sources for not only DH, but also for the other expected
heating alternatives. Different implications are caused by a different heat mix and
source availability. It is noteworthy that this thesis discussed the implications of the
use of transition sources in the energy system. The use of transition sources such
as natural gas and biomass could potentially be problematic, as they can cause for
delays in the implementation of ’sufficient’ long-term alternatives. This observa-
tion is in line with Unruh [2000]; Erickson et al. [2015]; Safari et al. [2019]; Gürsan
and de Gooyert [2021]. Gürsan and de Gooyert [2021] state that ”taking advantage
of a transition fuel comes also with challenges. Initial investments to a potential
transition fuel such as natural gas could lock-out emerging renewable technologies
for extended periods”. Moreover, the use of transition sources can cause for infras-
tructural and heat source lock-ins. For example, the desire to maintain the existing
natural gas-infrastructure to eventually provide green gas for individual boilers and
hybrid heat pumps poses a risk, as the potential of green gas is very uncertain. This
can result in a infrastructural natural gas lock-in.

Another important identified local factor is the management of the heat transition.
Designing the future heat supply is a challenging endeavour, that is managed on
a municipal level. According to Vringer et al. [2021] ”the most relevant question
in the public interest is whether Dutch municipalities have sufficient capacity to
achieve the local CO2 emission reduction targets.” In the present thesis it is con-
cluded that municipalities sometimes struggle with the responsibility to implement
the required legal and regulatory frameworks to steer the heat transition pathway,
due to their lack of experience. This supports Rodhouse et al. [2021], stating ” it
has proven difficult [for municipalities] to get different groups of citizens actively
engaged in planning and execution phases of the heat transition”.
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8.3.2 CoSEM Perspective

This thesis is performed in partial fulfillment of the requirements for the degree
of the Master of Science (MSc) Complex Systems Engineering and Management
(CoSEM) at Delft University of Technology. The MSc CoSEM explores innovations
in complex socio-technical environments, such as energy system transitions. In
this thesis, the DH technology and sources are considered within the context of
the Dutch electricity and heating transition. The complex nature of the DH tran-
sition within an integrated and dynamic energy system is indicated by a diversity
of perspectives. The DH system needs to remain technologically and economically
viable. Moreover, the system should comply with existing policies and consider
the interests of various involved actors, such as municipalities, heat producers, grid
operators and end-users. Therefore, this thesis covers values originating from both
the public and private domains. Simultaneously, these perspectives continuously
change due to the transition of the energy system as a whole. In conclusion, this
thesis is very suited as a CoSEM thesis, due to the high level of complexity and the
technological, economic, policy and social components.

8.3.3 Limitations of the Research

This thesis is subject to several limitations due to the research scope and the research
methodology.

Research Scope

This thesis considers the impact of the transition from current to future renew-
able DH on the electricity and heating sector of the built environment. Therefore
other end-demand sectors were out of scope. However, the inclusion of other end-
demand sectors such as industry, could have provided a more complete view on
the transition of the integrated energy system. Moreover, this thesis included vari-
ous involved actors in the regional analysis. A limitation is that certain actors were
excluded, as at some point a line must be draw. The inclusion of more actors could
have provided more perspectives on the regional energy transition and therefore a
better basis for the regional assumptions.

Research Methodology

In this thesis, the single case study method was used in an exploratory manner. As
the thesis is exploratory and not aimed at drawing a generalizing conclusion, the
problem of case selection was smaller. However, not all of the municipalities within
of the RES region North-Holland South have published their TVH reports. There-
fore, another region could have been picked in which this was the case. This could
have resulted in more complete results and a higher validity of the assumptions.

For data collection, a desk study was conducted regarding scenario reports for the
Dutch national energy system of 2050. However, there were only two published re-
ports that met the determined requirements: I) focus on long-term scenarios (2050),
II) recently published, III) published by independent research groups. These two
reports provided a total of six scenarios. However, by including reports that do not
fulfill all the requirements, a broader perspective on future national trends could
have been provided. Moreover, currently the use of nuclear power plants within the
national Dutch energy system is a subject of discussion with the national govern-
ment. This interesting development is not included within the national scenarios.
Therefore, these scenarios do not reflect the latest developments. Furthermore, for
data collection, semi-structured interviews were conducted with involved regional
actors. A limitation here is the number of interviewees. Due to time constraints,
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a limited number of interviews was conducted, while the inclusion of more inter-
views could have provided more perspectives on the regional energy transition.
This could have provided a better basis for the assumptions on which the regional
energy system estimation was based. Therefore, more interviews could have been
conducted with interviewees from the same or different actor-groups. Furthermore,
end-users were not interviewed. To compensate for this, the view of a local munici-
pality regarding end-user behaviour was derived. Moreover, it was difficult to cap-
ture the expectations of the involved actors. Sometimes, interviewees contradicted
themselves or were not clear in formulating their answers. Moreover, the interview
data could have been compromised by the interviewees or interviewer being biased.
The interviewee data is thus of a subjective nature, which is a limitation of a qual-
itative exploratory case study based on interviews. However, additionally to the
interviews, published data, such as the RES, TVHs and future strategy reports have
been analyzed. This helped with confirming interview information and providing
additional information regarding concrete plans and expectations.

Moreover, for data analysis, an energy flow analysis was conducted. Based on the
interviews and the published data, assumptions were made in order to estimate the
future regional energy system. In cases where a lot of uncertainty is involved, it
was really difficult to convert qualitative information into quantitative assumptions.
This was for example the case with regard to the use of green gas for heat supply
and the availability of geothermal and industrial waste heat. Therefore, some as-
sumptions are very uncertain. Furthermore, a scenario analysis was conducted for
data analysis. Hereby, there are limitations associated with the modelling of the
scenarios by Berenschot & Kalavasta [2020]; TNO [2020b]. The scenarios are limited
by assumptions with regard to future developments, which may not be completely
substantiated. Moreover, models are always simplifications of reality and this can
obscure the representation of the analyzed energy system. Therefore, scenarios are
limited in terms of technological, economic, policy and social details. Furthermore,
for data analysis, a stakeholder analysis was conducted. A limitation is the omis-
sion of certain stakeholders, as at some point a line must be drawn. This point is
also addressed in the research scope limitations. In the stakeholder analysis, or-
ganizations that are involved with or responsible over the energy flows within the
regional electricity and heating sector are included. The inclusion of more stake-
holders, such as environmental associations and housing associations, could have
provided more perspectives on the regional energy transition and therefore a better
basis for the regional assumptions.

8.4 suggestions for future research
Several promising areas for further research are identified. First, a focus for future
research can be whether the conclusions of this thesis can be generalised for the
Netherlands. Therefore, it is suggested to conduct more case studies and explore
the energy plans of the other 29 energy regions within the Netherlands. It is of
interest to estimate the future energy systems of these regions and to explore how
involved actors approach the regional energy transition. Subsequently, the regions
can be compared with each other and a cumulative future energy system can be de-
termined. This cumulative future energy system can be compared with the national
energy scenarios in order to determine similarities between them. This can help
with validating or excluding certain scenario trends to a certain extent. When con-
ducting other case studies, it is suggested to broaden the perspective of the research
and include other end-demand sectors, such as industry and transport. Therefore,
the interconnections and synergies between these end-demand sectors can be inves-
tigated. Moreover, in order to broaden the perspective and keep up with the latest
developments, it is suggested to include recent national scenario reports, resulting
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in more scenarios which reflect more recent developments, such as the implemen-
tation of nuclear power plants. Moreover, within the case studies, certain sugges-
tions can be implemented to improve the basis for the regional assumptions. It is
suggested to include more TVHs of municipalities when these are published and
available. Moreover, it is suggested to include more stakeholders in the case study
and conduct more interviews. These interviews can be held with interviewees from
the same or a different actor group (i.e. heat producers).

Furthermore, it is suggested for further research to focus on the smart use of DH
within an integrated energy system. DH systems are perceived as promising as
they offer possibilities for increase electricity flexibility. Therefore, research regard-
ing the smart operation of collective heat pumps or E-boilers in combination with
thermal storage within a local integrated energy system is of interest. This can
also be applied to the flexibility options that individual heat pumps have to offer.
Therefore, the interconnections and synergies between electricity and heating can
be investigated on a deeper level, taking heat and electricity demand curves and
storage capacity into account. This can for example be achieved by modelling re-
gional energy systems. Other aspects, such as costs can then also be included.

Moreover, it is suggested to conduct research regarding the governance capacity
of municipalities for realizing the heat transition. Involved regional actors require
legal and regulatory frameworks to steer the transition pathway. It is of interest
to determine if these frameworks are currently realized and how to speed up this
process. For example, currently sufficient legal and regulatory frameworks are in
place for regulating the gas and electricity sector. However, these frameworks can
be required in the future for regulating DH systems.

8.5 conclusion
This thesis explored the impact of the transition from a traditional to a renewable
DH system on the Dutch electricity and heating sector. On a national level, it is cur-
rently not clear how to exactly realize the heat transition. However, from the case
study of the region North-Holland South, it became evident that renewable DH is
expected to be one of the main heating alternatives. The transition to renewable
DH can partly substitute the current natural gas-based heat supply and provide
some relief for the electricity sector, when renewable high- and/or low-temperature
DH sources are available. These impacts are promising considering the regional
context: the system is currently experiencing a natural gas lock-in and is expecting
a significant electrification. However, local renewable DH sources are still uncertain.

This uncertainty causes risks to occur, such as misaligned local initiatives, policy
delays and malfunctioning infrastructural and heat source lock-ins. However, in
the region North-Holland South, all of the expected renewable heat sources (DH
sources, renewable electricity and green gas) bring along uncertainties and similar
risks. Therefore, the implementation of a range of renewable heating alternatives
contributes to spreading the risks. Renewable DH is particularly helpful, as there
are many theoretically potential DH sources and DH can provide some relief for
the electricity sector. However, spreading the risks does not remove these risks. An
ultimate shortage of a large part of the planned heat sources or major delays in real-
izing them, would be problematic. Whenever this is the case in more Dutch energy
regions, the achievement of the national climate goals will be endangered.
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The way in which the risks and the local (district) heat transition are managed de-
pends on the decision-making by involved actors, especially municipalities. In the
region North-Holland South, choices regarding renewable heating sources and syn-
ergies between electricity and heat must be made and effective legal and regulatory
frameworks are urgently required. Due to their final responsibility and current lack
of experience, municipalities are strongly advised to collect new knowledge, exper-
tise and competences. Hereby, important factors to consider are I) the potential
risk of delays and infrastructural and source related lock-ins, II) the development of
the potential for different (district) heat sources, III) the participation of citizens in
the heat transition and IV) the possibilities for thermal storage in combination with
coupling elements (such as heat pumps or E-boilers) within DH systems. Moreover,
provinces, energy producers and grid operators can support municipalities in doing
this, especially with regard to exploring the potential of heat sources and thermal
storage. Lastly, involved actors are advised to be highly aware of the risks involved
with the increasing dependency on electricity in the heating sector in their decision-
making.

Urgent and significant changes in the Dutch energy system are required. The men-
tioned recommendations can be implemented within the region North-Holland
South and possibly within other energy regions, depending on their heat transi-
tion development. For achieving national climate goals, it is important to take an
integrated approach, make future-proof choices and act now!
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Lund, H., Möller, B., Mathiesen, B. V., and Dyrelund, A. (2010). The role of district
heating in future renewable energy systems. Energy, 35(3).

Lund, H., Østergaard, P. A., Chang, M., Werner, S., Svendsen, S., Sorknæs, P.,
Thorsen, J. E., Hvelplund, F., Mortensen, B. O. G., Mathiesen, B. V., Bojesen,
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A A P P E N D I X A : E N E R GY S Y S T E M S O F
T H E S C E N A R I O S

The driving forces of the scenarios addressed in section 5.4 shape the structure of
the scenario’s energy system. In the following sections, the energy systems of the
scenarios are presented in terms of the interconnection of system components and
quantified energy flows. The scope of the scenarios from the reports includes the
total energy demand of the Dutch energy system. Therefore, subsectors included
are the built environment, transport and industry. As this thesis focuses specifically
on the built environment and the electricity and heating sector (see section 3.1.1),
the scope of the scenario analysis considers the heat and electricity demand of the
built environment in 2050.

a.0.1 Regional Scenario

The regional scenario by Berenschot & Kalavasta [2020] is depicted in a system
diagram in figure A.1.

Figure A.1: System diagram of the interconnections between the system components of the
Dutch electricity and heating sector for the built environment in the regional
scenario for 2050. Data sources: Berenschot & Kalavasta [2020]
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The quantified energy flows of the regional scenario by Berenschot & Kalavasta
[2020] are depicted in figure A.2.

Figure A.2: Sankey diagram of the energy flows in PJ between the system components of
the Dutch electricity and heating sector for the built environment in the regional
scenario for 2050. Left side represents supply, right side represents demand. Data
sources: Berenschot & Kalavasta [2020]

a.0.2 National Scenario

The national scenario by Berenschot & Kalavasta [2020] is depicted in a system
diagram in figure A.3.

Figure A.3: System diagram of the interconnections between the system components of the
Dutch electricity and heating sector for the built environment in the national
scenario for 2050. Data sources: Berenschot & Kalavasta [2020]

The quantified energy flows of the national scenario by Berenschot & Kalavasta
[2020] are depicted in figure A.4.
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Figure A.4: Sankey diagram of the energy flows in PJ between the system components of
the Dutch electricity and heating sector for the built environment in the national
scenario for 2050. Left side represents supply, right side represents demand. Data
sources: Berenschot & Kalavasta [2020]

a.0.3 European Scenario

The European scenario by Berenschot & Kalavasta [2020] is depicted in a system
diagram in figure A.5.

Figure A.5: System diagram of the interconnections between the system components of the
Dutch electricity and heating sector for the built environment in the European
scenario for 2050. Data sources: Berenschot & Kalavasta [2020]. Software: Mi-
crosoft Visio

The quantified energy flows of the European scenario by Berenschot & Kalavasta
[2020] are depicted in figure A.6.
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Figure A.6: Sankey diagram of the energy flows in PJ between the system components of the
Dutch electricity and heating sector for the built environment in the European
scenario for 2050. Left side represents supply, right side represents demand. Data
sources: Berenschot & Kalavasta [2020]

a.0.4 International Scenario

The international scenario by Berenschot & Kalavasta [2020] is depicted in a system
diagram in figure A.7.

Figure A.7: System diagram of the interconnections between the system components of the
Dutch electricity and heating sector for the built environment in the international
scenario for 2050. Data sources: Berenschot & Kalavasta [2020]
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The quantified energy flows of the international scenario by Berenschot & Kalavasta
[2020] are depicted in figure A.6.

Figure A.8: Sankey diagram of the energy flows in PJ between the system components of the
Dutch electricity and heating sector for the built environment in the international
scenario for 2050. Left side represents supply, right side represents demand. Data
sources: Berenschot & Kalavasta [2020]

a.0.5 ADAPT Scenario

The ADAPT scenario by TNO [2020b] is depicted in a system diagram in figure A.9.

Figure A.9: System diagram of the interconnections between the system components of the
Dutch electricity and heating sector for the built environment in the ADAPT
scenario for 2050. Data sources: TNO [2020b]

The quantified energy flows of the ADAPT scenario by TNO [2020b] are depicted
in figure A.10.
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Figure A.10: Sankey diagram of the energy flows in PJ between the system components of
the Dutch electricity and heating sector for the built environment in the ADAPT
scenario for 2050. Left side represents supply, right side represents demand.
Data sources: TNO [2020b]

a.0.6 TRANSFORM Scenario

The TRANSFORM scenario by TNO [2020b] is depicted in a system diagram in
figure A.11 and is quite similar to the ADAPT scenario depicted in figure A.9.

Figure A.11: System diagram of the interconnections between the system components of the
Dutch electricity and heating sector for the built environment in the TRANS-
FORM scenario for 2050. Data sources: TNO [2020b]
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The quantified energy flows of the TRANSFORM scenario by TNO [2020b] are de-
picted in figure A.12 and are nearly similar to the energy flows of the ADAPT
scenario depicted in figure A.10.

Figure A.12: Sankey diagram of the energy flows in PJ between the system components of
the Dutch electricity and heating sector for the built environment in the TRANS-
FORM scenario for 2050. Left side represents supply, right side represents de-
mand. Data sources: TNO [2020b]



B A P P E N D I X B : R E N E W A B L E H E AT I N G
S O U R C E S O F M U N I C I PA L I T I E S

The Transition Vision for Heat (TVH) of the various municipalities of the region
North-Holland include concrete plans for the heat transition, as discussed in section
6.4.2. Table B.1 shows the municipalities and their planned renewable heat sources
and DH sources.

Municipality Renewable Heat Sources DH Sources Reference
Amstelveen DH network, (hybrid) individ-

ual heat pumps
Industrial waste heat, aquather-
mal, geothermal

Gemeente Amstelveen [2021]

Amsterdam DH network, (hybrid) individ-
ual heat pumps, individual
green gas boiler

Industrial waste heat, aquather-
mal, geothermal, TES, biomass,
solar, waste incineration

Gemeente Amsterdam [2020]

Diemen DH network, (hybrid) individ-
ual heat pumps

Industrial waste heat, aquather-
mal

Gemeente Diemen [2021]

Haarlem DH network, (hybrid) individ-
ual heat pumps, individual
green gas boiler

Industrial waste heat, geother-
mal, solar

Gemeente Haarlem [2021]

Heemskerk DH network, (hybrid) individ-
ual heat pumps, individual
green gas boiler

Aquathermal, geothermal Gemeente Heemskerk [2021]

Heemstede DH network, (hybrid) individ-
ual heat pumps, individual
green gas boiler

Not specified Gemeente Heemstede [2021]

Hilversum DH network, (hybrid) individ-
ual heat pumps, individual
green gas boiler

Industrial waste heat, aquather-
mal, geothermal

Gemeente Hilversum [2021]

Landsmeer DH network, individual heat
pumps

Not specified Gemeente Landsmeer [2021]

Laren (Hybrid) individual heat
pumps, individual green gas

Not applicable Gemeente Laren [2021]

Oostzaan DH network, (hybrid) individ-
ual heat pumps

Aquathermal Gemeente Oostzaan [2021]

Uithoorn DH network, (hybrid) individ-
ual heat pumps

Aquathermal Gemeente Uithoorn [2021]

Waterland DH network, (hybrid) individ-
ual heat pumps

Not specified Gemeente Waterland [2021]

Weesp DH network, (hybrid) individ-
ual heat pumps, individual
green gas boiler

Industrial waste heat, aquather-
mal

Gemeente Weesp [2021]

Wormerland DH network, (hybrid) individ-
ual heat pumps, individual
green gas boiler

Industrial waste heat, aquather-
mal

Gemeente Wormerland [2021]

Zaanstad DH network, (hybrid) individ-
ual heat pumps, individual
green gas boiler

Aquathermal geothermal Gemeente Zaanstad [2021]

Table B.1: Municipalities of the region North-Holland South and their planned renewable
heating sources according to their TVHs
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C A P P E N D I X C : I N T E R V I E W P R OTO C O L

c.1 interview protocol
Introduction
This thesis explores the impact of the transition from traditional to renewable dis-
trict heating systems on the Dutch electricity and heat sector. Specifically, the impact
of this transition on the supply and demand balances of various heat and electricity
sources is analyzed. The purpose of this interview is to collect knowledge about
the expectations and plans regarding the energy transition in the region North-
Holland South up until 2050. With this knowledge, better insight can be gained
into the future energy system of the region and the process towards this system. By
participating in this interview you contribute to case-specific data collection. The
interview is expected to last 60 minutes. This interview consists of the following
parts: heat transition, electricity transition & cooperation.

Part A: Heat transition

1. What do you think will be the future role of district heating networks in the
region North-Holland South in 2050?

2. What do you think will be the most important sources for district heating
networks in this region in 2050?

3. What makes you expect these specific heat sources?

4. Are there concrete plans within your organization regarding the development
of these specific heat sources?

5. What problems do you see with regard to the development of these specific
heat sources up to 2050?

6. What solutions are necessary to solve these problems according to you?

7. In addition to district heating networks, what do you think are important
sources of heat in the region North-Holland South in 2050?

8. What makes you expect these specific heat sources?

9. Are there concrete plans within your organization regarding the development
of these specific heat sources?

10. What problems do you see with regard to the development of these specific
heat sources up to 2050?

11. What solutions are necessary to solve these problems according to you?

Part B: Electricity Transition

1. What do you think will be the most important sources of electricity in the
region North-Holland South in 2050?

2. What makes you expect these specific resources?
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3. Are there concrete plans within your organization regarding the development
of these specific sources?

4. What problems do you see regarding the development of these specific sources
up to 2050?

5. What solutions are necessary to solve these problems according to you?

Part C: Collaboration

1. Who do you think are the most important actors involved in the energy tran-
sition of the region North-Holland South?

2. What is the role of your organization within this process?

3. How are the concrete plans of the involved actors coordinated?

4. Is a certain actor playing a leading role in making concrete plans? If yes,
which actor?

5. To what extent are the RES/TVHs of the region North-Holland South taken
into account when making concrete plans for the future energy system?

6. Do you think the developments in the heat and electricity sector are well
aligned?

These were the questions. Thank you very much for your attention and time! If you
have any questions, you can always contact Simone de Bruin.



D A P P E N D I X D : A S S U M P T I O N S
R E G I O N A L F U T U R E E N E R GY S Y S T E M

Table D.1 and D.2 show numerical assumptions on which the estimated future elec-
tricity and heating sector of region North-Holland South are based, as discussed in
section 6.7.

End-Demand Contribution [PJ] Assumption Base
Electricity 37,4 RES
Heat 44,3 RES

Electricity Supply Contribution [PJ] Assumption Base
Solar 8,3 RES, Vattenfall
Wind 2,5 RES, Vattenfall
Hydrogen 2,0 Vattenfall, TenneT, Gasunie, Liander
Waste Incineration 0,6 RES, AEB, Westpoort Warmte, Vattenfall
Import 24,0 RES, Vattenfall, TenneT, Liander

Heat Supply Contribution [PJ] Assumption Base
District Heating 18,8 RES, TVHs, Vattenfall, Westpoort Warmte
Ambient Heat 18,8 RES, TVHs, Vattenfall
Green Gas 6,7 RES, TVHs, Gasunie, Liander, Vattenfall

District Heating Supply Contribution [PJ] Assumption Base
Geothermal 5,9 RES, TVHs, Vattenfall, Westpoort Warmte
Industrial Waste Heat (HT) 2,8 RES, TVHs, Vattenfall, Westpoort Warmte
Industrial Waste Heat (LT) 3,1 RES, TVHs, Vattenfall, Westpoort Warmte
Ambient Heat 5,9 RES, TVHs, Vattenfall, Westpoort Warmte
Waste Incineration 0,8 RES, TVHs, Vattenfall, Westpoort Warmte, AEB
Solar 0,01 TVHs
Electric 0,24 Vattenfall

Table D.1: Assumptions for the energy flows of the electricity and heating sector of the re-
gional future energy system (2050)

Producer Plant Location Energy Source Capacity [MW]
Vattenfall Hemweg-8 Amsterdam Coal Closed
Vattenfall Hemweg-9 Amsterdam Hydrogen 435

Vattenfall Diemen-33 Diemen Hydrogen Closed
Vattenfall Diemen-34 Diemen Hydrogen 435*
Vattenfall Ijmond-1 Cluster Velsen Natural Gas Closed
Vattenfall Velsen-24 Cluster Velsen Natural Gas Closed
Vattenfall Velsen-25 Cluster Velsen Natural Gas Closed
AEB AEC Amsterdam Waste Closed
AEB HRC Amsterdam Waste 60*
AEB Biomass Plant Amsterdam Biomass Closed
Orgaworld Greenmills Amsterdam Biomass Closed
SVP de Purmer Purmerend Biomass Closed

Table D.2: Assumed power (and heat) plants in region North-Holland South in 2050
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