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Summary 

This report is the Deliverable 1.5 in the ReUseHeat project, and is the result of the work carried out 

in Task 1.3 and is a part of Work package 1 of the project. The aim of the report is to put the 

identified annual available heat potentials from four different heat sources into the perspective of a 

national energy system to assess how they can be integrated and utilized.  

The report presents an analysis of the four potential heat sources investigated in the ReUseHeat 

project; data centers, waste water treatment, metro ventilation, and service sector cooling. These 

heat sources have in common that they need a heat pump to boost the temperature to a sufficient 

level for heat supply. The four heat sources using heat pumps are analyzed in the context of the 

national energy systems of Germany, Spain, France, and Romania using the respective available 

heat potentials identified in Task 1.2 of the project. 

Key findings 

The results of the analyses and assessments have provided a number of key findings that 

characterize a technical and economic potential for the utilization of the four excess heat sources 

analyzed in the study at a national level: 

 Utilization of urban excess heat can both reduce costs and primary energy supply 

It is found for all the four studied countries that when introducing a balanced amount of excess heat 

that allows the heat pumps to operate flexibly, it can reduce the total energy system costs by up to 

1 B€/year as well as 50 TWh of biomass. The costs invested in the heat pump can be covered by the 

reduction in fuel consumption.  It has not been found to reduce CO2-emmissions significantly because 

in 2015 the heat pumps induce an increased power production based on fossil fuel which balances 

out the total savings in fuel and in 2050 there are mainly CO2-neutral fuels to replace. 

 The total potential is bigger than what can be utilized in the countries 

It is found that the combined potential of the four sources of heat is bigger than what can be utilized 

in all the four countries. This is mainly due to the fact that the available excess heat alone in all cases 

is 50% or above that of the total district heating demand, and in several cases (Spain, France and 

Romania in 2050) above 100%. At the same time a large proportion of the heat is available in the 

summer, where the heat demand is low, and mostly covered with other low-cost sources of heat. 

 All the types of heat sources can be feasible, but it depends on the system they are 

used in 

All the types of heat sources are found to have a potential for being feasible in the four countries – 

and likely in most of the remaining EU member states, and both in 2015 and 2050. If there is a large 

amount of low-cost excess heat or other cheap heat sources available in the system to cover large 

parts of the demand, there might not be any more costly production to replace. In the scenarios for 

the countries, the heat pumps can replace some heat production in heat-only fuel boilers, and in 

systems when they can replace a lot of this, it is more feasible to implement low-temperature urban 

excess heat. 

 The availability of heat in the winter is defining for how much is feasible to utilize 

It is not found feasible to have capacities of heat pumps larger than what is needed to recover the 

available heat in the winter. The installed capacity of the heat pump in a given situation is a large 

share of the total life cycle costs of utilizing the excess heat source. For most of the heat sources the 

peak of available heat is in the summer, however the heat demand in the summer is low, and often 

covered by other sources of heat.  

 Heat pumps should be prepared to operate flexibly but are able to work as baseload 
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A flexible operation of the heat pumps is found to be feasible in the total energy system perspective. 

Flexibility means being able to change the operation of the heat pump in response to energy system 

conditions, e.g. by reducing or turning off production at low wind power production or high electricity 

prices. The heat pumps may in some systems and conditions work as baseload most of the time, but 

the ability to operate flexibly increases the ability to integrate renewable electricity and replace fuel 

consumption more effectively. 

 No significant difference in feasibility of the sources have been identified 

No significant difference between the feasibility of the heat sources have been identified, even though 

the amount of available heat that can be recovered vary largely. The coefficient of performance (COP) 

between the sources are slightly different but as all the sources have relatively high COPs already, it 

does not make a very big difference in the overall system feasibility. Also, the temperatures that 

determine the COP can vary from one case to another, which might shift the balance of which sources 

are most feasible. 

 Baseload heat supply in a district heating system is limiting the feasibility of heat 

pumps 

In cases with large amounts of baseload excess heat and thereby less production on boilers, heat 

pumps are less feasible because they are mainly feasible where they can replace boilers. In the 2050 

models, particularly in France, there is a large amount of low-cost baseload excess heat, which does 

not leave many situations for the heat pumps to operate during the summer season. If less excess 

heat would be present, and more of the demand in summer would be available to cover with a heat 

pump, the feasibility would be better. 

Approach and methods 

The first step in the analysis is an allocation of the annual total available heat potentials to hourly 

profiles. This is done using differentiated assumptions of hourly distribution of temperatures and the 

generation of the heat. In addition to this an hourly profile of the heat pump’s COP for district heating 

supply is calculated. This provides information of how much electricity is needed and finally the 

accessible heat output of the heat pumps can be calculated at an hourly and annual level.  

The potential accessible heat is considered in a number of ways to provide insight into issues such 

as whether the integration of the heat sources are feasible in the current energy system, in a future 

energy system based on renewable energy and how these energy sources compete with other heat 

sources. To analyze these issues a number of scenarios illustrating different energy system contexts 

and ways of integrating the heat sources are developed. On the basis of these initial analyses, one 

final scenario is proposed for each country to show how the heat sources could be integrated and 

how it influences the energy supply and economy of the total system. 

The scenarios are created in EnergyPLAN, an advanced energy system analysis simulation tool. 

EnergyPLAN calculates the energy system operation on hourly level considering the interactions 

between the different energy sectors, e.g. electricity, heating, industry and transport. The model 

provides detailed information about how the different scenarios work which can be used to compare 

the scenarios on a number of different parameters. 

Recommendations 

Based on the results it can generally be recommended to work further with the assessment of the 

potential for the heat sources and the implementation of the technology. To bring more insight to 

where and which kinds of system configurations it makes particularly good sense to implement these 

heat sources, some concrete case studies and city analyses should be carried out along with 

development of business cases for different countries or regions. This can illustrate where there are 

some technically and business economically feasible potentials for the heat sources. Moreover, it can 

point to eventual barriers to the feasibility in certain situations. In some cases, there might also be 

a need for adjusting the regulatory framework to enable the socioeconomic potential identified being 

realized through actual investments in the utilization of the suggested heat sources.  
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1 Introduction 
The ReUseHeat project aims to demonstrate and assess a number of unconventional urban excess 

heat sources (data centers, sewage water treatment facilities, metro stations and service sector 

buildings) for the supply of heat (e.g. via district heating (DH) systems). This report will focus at the 

technical barriers of utilizing available excess heat at a national level, but also issues related to 

economy and feasibility of these investments. The purpose of this is to accelerate the market uptake 

of ReUseHeat solutions by facilitating implementation through a handbook that outlines business 

models, contractual and legal arrangements, financing and technology solutions. 

In this work package (WP1), the aim is to quantify the potential of excess heat in in the 28 member 

states of the European Union (EU). This is done using a combination of several approaches; an 

extensive geographical mapping of the heat sources, energy systems analyses at country and city 

level, and a survey addressing owners of excess heat. There are already large amounts of excess 

heat available today from conventional excess heat sources, meaning thermal power production, 

waste incineration or large industrial facilities, and there are many examples of this already being 

used for the supply of DH. However, the unconventional excess heat sources are characterized by 

lower temperature levels, making it more challenging and costly to utilize them compared to 

conventional sources. This may also be the reason why the unconventional sources are not currently 

in widespread use as a source for heat supply.  

In the Heat Roadmap Europe (HRE) project, the amounts of available excess heat from conventional 

sources were geographically mapped and estimated, and these estimates are used in the ReUseHeat 

project as well. In the HRE project a number of country specific scenarios were developed. These 

scenarios analyzed the potentials in different solutions for the future heat supply in Europe. The 

scenarios describe how the heating sector in the EU can play an important role in the decarbonization 

of the total energy supply. This includes substantial reductions in heating demands, expansions of 

DH and large-scale introduction of heat pumps (HPs) in DH supply and in buildings with individual 

heat supply. Unconventional heat sources are included indirectly in these scenarios through the use 

of heat pumps for DH, but not quantified or analyzed specifically. 

In Task 1.3 of ReUseHeat the role of the unconventional excess heat sources will be analyzed in 

national energy system models for the four countries represented by the four project demonstrators; 

Germany, Spain, France and Romania. These country models are based on the country models for 

the HRE project adjusted to match the needs in the ReUseHeat project. The data created in Task 1.2 

will be the basis for the potentials for the available excess heat. The four excess heat sources will be 

characterized in terms of temporal availability and costs and, in a first step in the analysis, developed 

individually in the framework of each of the four countries for 2015 and 2050. In the second step of 

the analysis, the four heat sources are combined and balanced to identify an ideal utilization of these 

new heat sources. In addition to these primary analyses, a number of sensitivity analyses will be 

performed to identify critical or sensitive assumptions and frame the results in a better understanding 

of the drivers and constraints. 

Deliverable 1.5, this document, includes a presentation of the approaches, tools and data sources in 

chapter 2. In chapter 3 the results of the different analysis parts are presented and discussed. In 

chapter 4, the general findings will be discussed and recommendations and areas of further and 

future research will be identified. Chapter 0 contains a list of references and Chapter 6 holds the 

appendix which presents a number of additional figures and tables for the final scenarios. 
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2 Theory and methods 
This chapter describes the theory and methods used for conducting the analysis in Task 1.3 regarding 

national potentials for integrating excess heat sources. The chapter contains details regarding the 

energy systems analysis approach, the energy systems analysis tool applied and its limitations as 

well as a description of key data inputs.  

2.1 Smart energy systems and heat pumps 
The development towards sustainable and renewable energy supply is a very challenging transition, 

influencing many aspects of the society such as economy, environment and social practices. There 

are many different interests at stake in this development and many ideas about how the transition 

should take place, and conceptualizations of the design principles underpinning such an energy 

system. In this study, the smart energy systems approach [1] is used as a framework for the 

assessment of the urban excess heat sources. This approach focuses on the need to integrate the 

different energy sectors, e.g. through power-to-heat using large heat pumps for DH. This section 

briefly outlines the ideas and concepts in relation to the energy system perspective, the future 

development of DH and how heat pumps fit into this. 

2.1.1 Smart energy systems approach 

A smart energy system is an energy system that integrates smart electric grids, smart thermal grids, 

and smart gas grids to integrate larger amounts of fluctuating renewable resources, in order to 

reduce the need for fuels and increase the cost-effectiveness of a renewable energy supply [1,2].  

Figure 1 shows that the different lines – the smart electric, thermal and gas grids – are connected 

through a number of different conversion technologies and recovery systems, which can be activated 

in different situations, e.g. high demands, low production of wind power, high production or solar 

energy etc. 

It is important that all significant parts or sectors of the general energy related supply, mainly 

electricity, heating, transport and industry are included in the system perspective, and integrated to 

utilize the synergies between them (see Figure 1). For example, an industrial facility can be 

integrated with a DH system by supplying an excess of process heat to the DH network to reduce 

energy consumption for the alternative source of heating. Or as the highlighted example in Figure 1 

illustrates; the integration between the electricity production and heat supply through an electric 

heat pump and possibly a thermal storage allows for the re-distribution of electric energy to other 

sectors and forms of (cheaper) storage. 

In the integration between the heating and electricity sectors, heat pumps play a particularly 

important role. Heat pumps in individual buildings can replace the need for boilers consuming fuel 

locally at an improved energy efficiency because of the external heat source it uses. At the same 

time, the switch from fuel to electricity based heating enables an increased penetration of 

(fluctuating) renewable sources of electricity instead of the fuel consumed in the local boilers. Heat 

pumps in DH systems can also play an important role in the integration between heating and 

electricity systems, similar to the building-scale heat pumps, by replacing fuels and absorbing 

renewable electricity when it is abundant. However, the DH heat pumps have some additional 

benefits compared to building-scale ones. These can utilize large excess heat sources that would not 

have been of any use without a heat pump, which is hardly feasible if it is just to cover the heat 

demand of a single building. This ensures efficient use of resources, can replace fuel in the alternative 

heat source, and improve the overall energy system efficiency. At the same time, heat pumps in DH 

systems can operate more flexibly than heat pumps in single buildings, because they do not need to 

cover the whole demand. They will usually be deployed in a system to supplement a variety other 

heat sources, e.g. boilers and combined heat and power (CHP) plants, and can therefore work 

according to the heat demand but also to balance the electricity system. For example, if the electricity 

price is high, the CHP plant will operate and produce electricity and heat, whereas when the electricity 

price is low the heat pump can consume electricity to produce heat. In addition, if there is access to 
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thermal storage capacity the heat pump might not even be limited to follow the heat demand and 

can be even more responsive to the power markets. 

 

Figure 1: Conceptual drawing of a smart energy system with the path from wind power to heat supply though a heat pump is 
highlighted in green. 

2.1.2 4th generation district heating (4DH) 

The 4th generation of district heating (4DH) is a concept that describes the future of DH technology 

and systems [3]. 4DH is closely linked to the concept of smart energy, and 4DH can be seen as the 

DH part of a smart energy system because there is a focus on the interaction points with other energy 

sectors and exploitation of possible synergies. An increasing amount of research is performed to 

identify the potentials and possible applications for different technologies, system types and 

geographical regions [4]. 

Figure 2 illustrates the major changes over time and the potential changes for the future of DH. The 

temperatures of supply have been generally decreasing over time, in close connection to an 

increasing energy efficiency of the systems. The increasing energy efficiency comes through a 

reduction in the heat losses from the distribution grid, but also because of the ability it integrate 

various new heat sources. The new sources of heat include renewable energy as well as different 

kinds of excess heat. These new sources also imply an increased integration with other energy sectors 

to improve the system flexibility. For example, electric heat pumps for DH and district cooling, 

prosumers and low-energy buildings and biomass conversion for fuel production (both as a possible 

demand for process heat but also as production of excess heat). 

One of the important features of 4DH compared to previous DH systems is the reduced temperature 

levels in both the demand and the supply of heat. This improves the ability to integrate new sources 

of heat because when the supply temperatures are lower the demands for temperatures of the heat 

source that feed into the system can also be lower. This means that new sources of heat can now 

become relevant for DH supply, and the efficiency of utilizing the existing sources can increase. 
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Figure 2: Principal illustration of the development of district heating technology and systems, categorizing it in four 
generations, where the development includes increasing efficiency, decreasing temperatures in the grids, more different heat 
sources, higher share of renewable energy and an increasing integration with other energy sectors. [3]  

2.1.3 Heat pumps and heat sources 

The different possible heat sources for heat pumps can be seen as a wide range of different sources 

with different efficiency and feasibility (see Figure 3). The high-temperature excess heat (far right) 

is here defined as a heat source that does not need the temperature boost of a heat pump to be fed 

into a DH system. These are generally preferable because they do not need the additional investment 

for the heat pump plant. If there are no, or not enough, such heat sources available, lower 

temperature ones can be considered, however this will require a heat pump. An example of a source 

for a heat pump could be low temperature excess heat from industry. If the excess heat temperature 

level is close to the one of the DH system, the temperature boost needed is low, and the seasonal 

coefficient of performance (SCOP) will be correspondingly high. On the other end of the range of 

sources for heat pumps there would be ambient temperature heat sources, e.g. sea water or ambient 

air. These sources would require more contribution from the heat pump to raise the temperature, 

particularly in the winter because of large difference between the heat source and the DH supply 

temperature, which would end up at a lower SCOP. This is also discussed and elaborated in [5]. 

In the Heat Roadmap Europe 4 (HRE4) project, which this work is building on, high shares of heat 

pumps and excess heat has been found feasible in DH supply [6]. However, since preliminary work 

for that project showed that ambient temperature heat sources are highly abundant in Europe, it has 

not been investigated which heat sources there are available, how different heat sources compare, 

how the heat sources are distributed temporally and how the coefficient of performance (COP) vary 

across the year. In addition, unconventional excess heat was not considered. These issues are 

addressed in more detail in this report, and in that sense contribute a novel perspective to future DH 

supplies in this report. 
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Figure 3: Principal diagram illustrating the increasing feasibility of heat sources with increasing temperatures. Heat sources 
with temperatures above the DH supply temperature might be utilized without a heat pump, however to utilize a heat source 
with a temperature, a heat pump is needed. 

2.2 Analytical approach 
The analysis in Task 1.3 is based on national energy systems including all energy sectors in the four 

project countries. These sectors are for heating, cooling, transport, industry and electricity. The 

reasoning behind including all energy sectors is to ensure that all effects across energy sectors are 

reflected in the analysis. For example, the integration of excess heating sources might influence the 

operation of CHP plants and heat pumps, which would then influence the electricity demand and 

generation.  

All the analyses are carried out in each of the four case countries and for both an energy system 

design resembling the existing system (2015) and a future system with a high share of renewable 

energy sources (RES) and a high share of DH coverage in the heating sectors (2050). The future 

2050 scenario is based on the recommendations and system design in the project HRE4 about 

designing low-carbon heating and cooling strategies for Europe [6]. 

The energy system analyses are grouped into three types of analysis; individual heat source analysis, 

combined sector analysis and sensitivity analysis. 

2.2.1 Individual heat source analysis 

The individual heat source analysis investigates the effects of integrating each of the heat sources 

separately rather than in combination. Hence, the effects of each heat source are visible in the energy 

system along with its feasibility on the evaluation parameters. 

For each heat source, some key factors are taken into account, including the temporality of the 

supply over the year. This is based on the heat source temperature variations and will reflect the 

COP for each hour of the year. This is significant in terms of the system heat supply and might 

influence parameters such as excess electricity and DH generation and primary energy demands.   



ReUseHeat                     Deliverable 1.5 
  

Page 19  

These analyses will identify the heat generation proportions that can be replaced by the excess heat 

sources and whether the energy system flexibility can handle these types of generation sources. For 

example, the analysis will investigate the connection between these mainly baseload heat sources in 

periods with lower heat demands (summer) and whether they allow simultaneous integration of 

fluctuating heat sources such as solar thermal.  

2.2.2 Combined heat source analysis 

The purpose of the combined heat source analysis is to assess the potential of combining these four 

heat sources if they are installed at the same time, since it is more likely that these types of sources 

would be developed in parallel in the future. This is analyzed for each country in the 2015 and 2050 

scenarios.  

Various types of analyses are carried out according to the heat sources that are replaced. For 

example, it might make a significant difference whether the excess heat sources replace baseload 

heat sources such as industrial excess heat, waste incineration or geothermal heating compared to 

fluctuating sources such as solar thermal or dispatchable production from CHP plants, heat pumps 

or fuel boilers.  

2.3 Scenario structure 
To be able to perform the different analyses outlined in Section 2.2, a scenario structure is developed 

to allow for a systematic comparison and assessment of the impacts of introducing the four new heat 

sources.  

The core of the individual heat source scenario structure is the five by four matrix defined by the 

four countries of the study and the four analyzed heat sources. This is illustrated in Table 1. The idea 

with this structure is simply to analyze what the impact is of introducing the different heat sources 

into an energy system compare to a reference where no new heat sources are introduced. 

Table 1: Core scenario structure defined by the analyzed countries and heat sources. The blank cells represent the different 
scenarios. 

 Germany Spain France Romania 

Reference scenario (no new heat sources) Scenario    

Data center cooling Scenario    

Waste water treatment Scenario    

Metro ventilation …    

Cooling in the service sector     

 

In addition to this, a few more dimensions have been added to the analysis, illustrated in Table 2. 

This is in total sums up to 120 scenarios, where some of the references are identical. In Section 

2.3.2, these dimensions are further elaborated and justified. The total heat source utilization and 

Heat pump operation utilization are two ways of integrating the heat sources, that will be further 

explained in Section 2.3.2. 
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Table 2: Additional scenario dimensions of year and HP utilization. The blank cells represent the different sets of scenarios. 

 2015 2050 2050 without 

existing HPs 

Reference scenario (no new heat sources) Scenario   

Total heat source utilization Scenario   

HP operation utilization …   

2.3.1 Reference scenarios 

This section provides an overview of the references scenarios that are used for analyzing the 

integration of the four heat sources. These are respectively the 2015 reference, the 2050 HRE 

scenario and the same 2050 HRE scenarios without heat pumps, for each of the four countries. In 

addition, an initial overview of the heat potentials for the four heat sources is presented in connection 

to the DH market shares between the four countries. 

All the reference energy system models are made based on data from a baseline model of the JRC-

EU-TIMES model for all the countries in the EU. The 2015 models are aligned to statistical data for 

2015 on a range of parameters. The 2050 baseline is made as a continuation of the 2015 models 

with a set of constraints. To read more about the JRC-EU-TIMES and the baseline scenarios that the 

HRE scenarios are built on, see [7] and the methodology report on how the general modelling 

approach in HRE4 is designed [8]. The HRE scenarios for 2015 and 2050 are developed for 

EnergyPLAN almost solely using the data from the mentioned baseline, and the two are therefore 

similar on the annual values, however EnergyPLAN adds the hourly dimension to these baselines. 

2.3.1.1 2015 reference models 
The 2015 reference models serve as a starting point for the analysis of the excess heat sources. The 

2015 models have been used for developing the 2050 HRE models and are also used for analyzing 

the feasibility of the excess heat sources in an energy system resembling the current systems. 

There are large differences across the four countries in terms of DH shares as these are above 20% 

of the total heat demand in Romania and lower than 1% Spain. In Germany the share is about 12% 

of the heat demand and about 5% in France. Hence, additional analysis of Spain and France with 

expanded DH networks have also been performed. This will allow for discussing whether the excess 

heat sources can contribute in systems that resemble the current systems or if these sources are 

only feasible in future systems (with more DH) with higher proportions of renewable energy. The DH 

shares of total space heating and hot water demands are expanded to 12% in the Spanish and French 

energy systems, which is the current EU average.  

2.3.1.2 2050 reference models 
The 2050 reference models are based on the so-called Heat Roadmaps developed in conjunction with 

the HRE4. These models have been designed to decarbonize the heating and cooling sectors in the 

various countries in 2050 through a multitude of measures. These measures include heat savings, 

expansions of DH supply, integration of renewable heating and electricity sources as well as excess 

heating from more conventional excess heat sources such as waste-to-energy, industries and 

conversion from condensing thermal plants to CHP plants. Hence, in this scenario large-scale heat 

pumps are already installed in varying degree in the four countries.  

The district heat supply mix is illustrated in Figure 4 for both 2015 and 2050 suggesting that DH 

systems are extensively expanded in some countries at the same time as heat demand reductions 

of up to 30% are introduced. The total DH coverage in the HRE4 countries increases from around 

12% to 45%. 
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Figure 4: District heating production as the total of the 14 HRE4 countries for the Baseline (BL) for 2015 and the HRE scenarios 
for 2050. The figure shows heat production from the DH plants including grid losses. 

In Figure 5 the development of the heat supply for individually heated buildings without district 

heating can be seen. Here, the impact of the substantial reductions of heat demands can be seen as 

well as the shift towards DH supply. Contrary to the diversification of heat sources seen in the DH 

supply, the heat demands in individually heated buildings are suggested to be covered only with heat 

pumps. 

 

Figure 5: Heat production in buildings with individual heating systems, i.e. everything that is not district heating, as the total 
of the 14 HRE4 countries for the Baseline (BL) for 2015 and the HRE scenarios for 2050. 

2.3.1.3 2050 reference models without heat pumps 
These models are basically identical to the 2050 reference models, just without the existing heat 

pump capacity. In 2015 there are almost no existing heat pump capacity in DH, so these references 
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are only made for 2050. These additional reference scenarios are introduced because in the HRE 

scenarios, the heat pump capacities have already been optimized to the 2050 energy system design, 

which makes it hard for additional heat pump capacity using the new urban excess heat sources to 

compete and be feasible. However, when they are introduced in a system without the heat pumps, 

it is a different situation. This is done to illustrate the two extreme situations. 

Therefore, this approach has been chosen, where the four heat sources are assessed in two different 

contexts; 1) where the existing HP capacity and production is maintained the new heat sources are 

added to the existing capacity and 2) where the existing heat pump capacity and production is 

removed and the new heat sources introduced into an energy system without heat pumps in DH. It 

will be more feasible to introduce the heat pumps with the new heat sources in situation 2 because 

the energy systems are here not saturated with heat pumps as in situation 1.  

If a heat source in a country is feasible in situation 1 it has a very good overall potential for being 

feasible in many situations. If it is only feasible in situation 2 (without HPs) the heat sources will 

have a role to play in many places, but will be in higher competition with other sources. If it is not 

feasible in situation 2, its feasibility is seen as more limited to being feasible in DH systems with a 

lack of other heat sources. 

2.3.2 New heat source scenarios 

These scenarios are the alternatives to the reference scenarios and represent the energy systems 

with the new heat sources included. As indicated, a number of different conditions have been tested 

for the implementation of these heat sources, and these are explained here. 

2.3.2.1 2015 and 2050 energy system 
The reason for modelling both 2015 and 2050 is to distinguish the effect of implementing the heat 

sources in a 2015 scenario compared to a 2050 scenario. The 2015 model will here represent the 

short-term feasibility of starting the integration of the heat sources today, whereas the 2050 

scenarios represents the long-term feasibility of utilizing these heat sources in the context of the 

HRE scenarios. 

2.3.2.2 Total heat and HP operation scenarios 
The different heat sources are available at different quantities both in annual terms, but the temporal 

distribution over a year is also different between the different sources. The availability at any point 

in time limits the utility of the heat source at that point. If the available heat is always utilized fully 

during the year, the full annual potential available heat is thereby utilized representing the total heat. 

However, this may not be feasible to do all year around for all heat sources. For example, in some 

hours of the year the DH demand may be low or fully covered by other (more feasible) heat sources 

and hence not feasible to operate the heat pump. At other points in time, the additional electricity 

production may be very costly and an alternative to the heat pump may be more feasible, resulting 

in the possible and preferable heat pump operation scenario. To determine at which time it is feasible 

to operate the heat pumps, an hourly level analysis is required and the EnergyPLAN energy systems 

analysis tool is used. The EnergyPLAN tool is presented in more detail in Section 2.5.1. 

In Figure 6 the difference between the two ways of integrating the heat sources are illustrated for 

the case of France 2015 and waste water treatment. It can be seen how the Total heat scenario 

(green) is different from the HP operation scenario (red). In the HP operation situation in this specific 

example, the heat pump operates during all hours, but mostly at part load, and the operation in this 

particular period is equivalent to a 66% capacity factor. This means that in the Total heat scenarios, 

the full theoretical potential available heat is utilized, whereas in the HP operation scenarios, the 

heat is only utilized when the heat pump operation is feasible in the energy system. The EnergyPLAN 

model calculates the most energy efficient operation of the heat pumps according to the energy 

system and the available resources and demands. This results in an hourly production profile of the 

heat pumps over a full year. The hourly heat source availability is then scaled down according to the 

hourly heat pump operation, similar to the HP operation graph in Figure 6. 
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Figure 6: Example to illustrate the total available heat and the HP operation for the case of France 2015 waste water 
treatment. 

This method allows a comparison of the two situations where; 1) the heat source is utilized to its full 

potential disregarding the energy system dynamics by forcing it into the supply mix. 2) Where the 

heat source is utilized according to when it is feasible to operate the heat pump. In situation 1 the 

capacity of the installed heat pump, and thereby the investment, have the most operating hours. 

However, in situation 2 some electricity consumption in the heat pumps can be saved, at times where 

the electricity is expensive, or the heat production is in low demand. The feasibility then depends on 

the temporal distribution of the heat sources, the COP and the energy system in which it is 

implemented.  

2.3.2.3 Combined heat source scenarios 
In the combined heat source scenarios, the four potential heat sources are combined in one scenario 

for each country. This is done to illustrate how the accessible heat potentials fit together in one 

scenario, both in terms of energy but also in terms of economy. Here, the available heat potentials 

are scaled down and the hourly distributions customized to let the heat sources fit into the systems 

in the best possible way. 

In these analyses the scenarios “without heat pumps” are used as a starting point. This means that 

the results will show the heat pumps to have a relatively higher increase in feasibility than they would 

have been if it would have been using the scenarios with the existing capacity of heat pumps, since 

the starting points are different. Furthermore, the heat sources are introduced with the “HP 

operation” approach. This means that a relatively large capacity is installed but operating fewer 

hours. Alternatively, it could have been analyzed with a small capacity running baseload. That would 

have given a more feasible result per MW installed, but a lower overall feasible capacity. 

In the case of France, the level of baseload excess heat in the reference scenario is very high. This 

is mainly due to a very high production of synthetic fuel in France, which generates excess heat. In 

the HRE4 project, where the reference scenarios come from, the synthetic fuel production facilities 

were allocated in the JRC-EU-TIMES model, and a large proportion was here placed in France through 

in the optimization process. This large amount of excess heat has shown to be a challenge to the 

feasibility of heat pumps to utilize the heat sources analyzed in this study. The assumptions that lead 

to an extra high production of synthetic fuel in France might not end up to be true, so to be able to 

analyze the potential for the four new heat sources in France, an alternative reference scenario has 

been created for the country study for France. The production of excess heat from fuel production 

has been reduced to about 50% which makes the total level of excess heat production similar to that 
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other countries. If this assumption is not altered like described here, it is not found feasible at all to 

utilize the analyzed unconventional excess heat sources at all. 

2.4 Data collection 
This section contains a description of the key data assumptions for developing the energy system 

scenarios and for the excess heat sources.  

2.4.1 Data exchange between tasks 

Data have been coordinated and shared between tasks 1.2, 1.3 and 1.4 in the project. Specifically, 

task 1.2 working on identifying excess heat potentials in the EU provided data for the four countries 

that are analyzed in this report. This data includes annual excess heat potentials for five categories 

depending on the distance to nearest DH network, see also Table 5. In addition, temporal 

temperature distributions for metros were provided from this task. The data inputs between the two 

modelling tasks (1.3 and 1.4) were coordinated so conclusions can be drawn for national and city 

scale analysis applying similar assumptions. These assumptions for 2015 and 2050 include for 

example fuel and CO2 prices and technology data (investments, O&M, lifetimes, efficiencies) for a 

range of technologies.  

Moreover, data has been provided from WP3 regarding the demonstration sites. Some of this data 

concern cost assumptions and these have been used as guidelines for cost ranges of excess heat 

production costs. Ultimately, heat pump technology data is based on data from the Danish Energy 

Agency (DEA) as this data is assumed to represent more market mature technologies [9]. However, 

sensitivity analyses are performed using the cost assumptions based on the demonstrator cases in 

ReUseHeat.  

2.4.2 Main sources of data 

A significant volume of data is necessary when modelling a complete national energy system. To 

avoid redoing this comprehensive assignment of data collection previous cost and technology data 

has to a large degree been applied in this report. This allows for more focus on developing new 

insights regarding the feasibility of excess heating. The main data inputs for the 2015 reference 

models and the 2050 HRE models have been collected in conjunction with the HRE4 project. The 

main sources for technology data in these models are adapted in HRE from the technology catalogues 

from the DEA that are continuously updated and include technologies within all energy sectors (i.e. 

also heating/cooling) which is rare [10,11]. For cost inputs a comprehensive database has been 

compiled at Aalborg University for assisting in energy system analyses. All the main cost parameters 

are included in the HRE4 cost database [12]. 

One particularly interesting set of costs for this study is for the technology data for heat pumps for 

DH production. The efficiencies and capacities are defined and elaborated in this project report, 

however, the cost assumptions are based on external references, namely the HRE4 project. In the 

report Review of the cost variation in energy plants across the 14 MSs [13] the costs for DH heat 

pumps are presented. A method to differentiate costs across the EU member states is applied to the 

heat pumps as well as to all other investment costs assumed in the reference models. The cost 

assumptions for heat pumps applied in this study is presented in Table 3. 



ReUseHeat                     Deliverable 1.5 
  

Page 25  

Table 3: Cost assumptions for district heating heat pumps, for the four countries and 2015 and 2050. 

Parameter Unit Germany Spain France Romania 

2015 2050 2015 2050 2015 2050 2015 2050 

Investment cost M€/MW-e 2.39 3.04 2.22 2.84 2.39 3.09 2.02 2.54 

Fixed operation 

and 

maintenance 

% of 

invest-

ment pr 

year 

0.28 0.38 0.28 0.38 0.28 0.38 0.28 0.38 

Technical 

lifetime 

years 25 25 25 25 25 25 25 25 

 

It can be seen that the costs for heat pumps increase towards 2050, which may seem 

counterintuitive. It is hard to determine the future development of these investment costs, but this 

can be seen as a results of the changing policies regarding the refrigerants in the heat pumps, but 

also the fact that as more heat pumps are implemented, fewer large “easy to use” heat sources will 

be available, which means that the uptake of the heat pump may be more complicated as well as 

the average capacity may decrease because heat sources of less quantity are used. The use of the 

higher heat pump cost is also seen as a conservative cost to avoid overestimating the potentials. 

Fuel prices is another important parameter in the calculations. The fuel prices are also adopted from 

the HRE4 project and presented in Table 4. The price levels for 2050 are based on the World Energy 

Outlook of the IEA, “Sustainable development scenario” from 2017 [14]. 

Table 4: Fuel price assumptions applied in the analyses. 

[€/GJ] Germany Spain France Romania 

2015 2050 2015 2050 2015 2050 2015 2050 

Coal 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 

Oil 7.6 12.1 7.6 12.1 7.6 12.1 7.6 12.1 

Gas 5.7 9.3 5.7 9.3 5.7 9.3 5.7 9.3 

Wood pellets 7.7 9.4 7.7 9.5 7.7 9.3 7.7 8.8 

Local biomass 7.9 7.9 7.4 7.4 8.1 8.1 6.5 6.5 

 

2.4.3 Excess heat data 

The available excess heat for the four countries divided on the four heat sources for 2015 is the 

starting point for the calculations in this study. This data is taken directly from D1.4 [15], where the 

methods and assumptions behind the numbers are presented. The available excess heating potentials 

for the four unconventional heat sources are presented in Table 5. Here, the potentials are divided 

into identified geographical areas as distances to potential DH areas. The 2 km distances are used 

for 2015. In the following section it is elaborated how the available heat for 2050 is derived. 

For data centers an increase in electricity consumption towards 2050 is assumed of 300% [16], 

however this is highly uncertain. This simultaneously results in a factor three higher excess heat 

generation, assumed to apply equally to the four countries.  

For service sector excess heating the increase towards 2050 is assumed to correspond to the increase 

in cooling shares in this sector between 2015 and 2050 as calculated in the HRE4 project [6]. Hence 

the increase for Germany in service sector excess potentials is 324%, 212% in Spain, 329% in France 

and 411% in Romania.  
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A last parameter in calculating the potentials for 2050 is the access to DH systems. The DH systems 

are expected to expand towards 2050, which means that the range of 2 km from DH will also 

increase. For example, in Spain in 2015 only 4.2 TWh of waste water excess heat are in the 2 km 

range however, 17.8 TWh are technically available. The waste water flow is not expected to increase 

much towards 2050, but as the DH coverage is increasing significantly in Spain, many more 

wastewater treatment plants will be in the 2 km range of DH. To account for this effect, a DH access 

factor is introduced, specifying how much of the total technical potential can be reached in 2050 

given the particular increase of DH. These numbers are only rough estimates as no better values 

have been found on this. The values for the respective countries are; Germany: 0.8, Spain: 0.9, 

France: 0.7 and Romania: 0.7. The final numbers are illustrated in Figure 7 comparing the 2015 

values to the projected 2050 values. 

 

Figure 7: Available excess heat assumed to be located near potential DH areas, hence available to DH supply. Showing the 
potentials divided on countries and heat sources for 2015 and the projection for 2050. 



Table 5: Available excess heat potentials for each heat source in the four countries for 2015 and 2050. Five ranges of heat source potentials are presented for 2015 using the potentials within 2 km 
of a district heating network as the default values for the analysis (shaded in grey). For service sector buildings it was not possible to distinguish in this way and hence all the potentials are used for 
this heat source. The 2015 values are based on [15] whereas the 2050 projections are calculated for this study.  

Available 

excess heat 

(TWh/year) 

 Germany Spain France Romania 

  
Inside 

DH 

2 

km 

5 

km 

10 

km 
All 

Inside 

DH 

2 

km 

5 

km 

10 

km 
All 

Inside 

DH 

2 

km 

5 

km 

10 

km 
All 

Inside 

DH 

2 

km 

5 

km 

10 

km 
All 

Data centers 

2015 10.3 10.8 11.2 11.3 11.8 3.2 3.2 3.2 3.2 5.3 7.8 8.5 8.8 9.3 10.1 0.9 1.0 1.0 1.0 1.0 

2050 - 28.3 - - - - 14.3 - - - - 21.1 - - - - 2.0 - - - 

Waste water 

2015 13.4 22.4 26.4 30.3 46.1 2.3 4.2 4.8 5.0 17.8 12.3 15.8 16.6 17.9 25.1 1.7 3.4 3.5 3.6 4.9 

2050 - 36.8 - - - - 16.1 - - - - 17.6 - - - - 3.4 - - - 

Metros 

2015 1.3 1.3 1.3 1.3 1.3 1.9 1.9 2.0 2.0 2.2 2.1 2.1 2.1 2.1 2.2 0.2 0.2 0.2 0.2 0.2 

2050 - 1.3 - - - - 2.0 - - - - 2.1 - - - - 0.2 - - - 

Service sector 

2015 4.9 - - - 10.8 11.0 - - - 32.4 9.3 - - - 14.2 1.4 - - - 1.9 

2050 - - - - 27.9 - - - - 61.9 - - - - 32.6 - - - - 5.5 

 



2.5 Numerical modelling of scenarios 

2.5.1 EnergyPLAN 

The analyses are conducted using the advanced energy system analysis tool EnergyPLAN version 

14.0 [17]. This tool is a deterministic input-output computer model that simulates the operation of 

the energy system on an hourly resolution for one year. Hence, it is designed for developing a range 

of alternative future scenarios of possible development trajectories rather than identifying optimal 

investment decisions. The tool includes all energy sectors and has the ability to analyze a large range 

of technologies that are likely to be a part of future renewable energy systems. Some of these include 

a variety of electricity and DH sources along with energy storages in the forms of thermal, electric, 

gaseous and liquid storages. For each hour of the year energy balances are calculated for DH 

networks and electricity grids, but also for hydrogen, cooling and natural gas.   

The input/output factors in EnergyPLAN are displayed in Figure 8.  

 

Figure 8: EnergyPLAN input and output categories, regulation strategies and distribution data [2]. 

Key data inputs include demand and generation profiles for each hour as specified in Figure 8 along 

with cost data for all technologies and fuels. Furthermore, two regulation strategies exist depending 

on the scope of the analysis. These strategies either optimize the operation of the system based on 

fuel-efficiency (technical regulation) or based on optimizing economic performance for the individual 

plants (market regulation). In the analysis in this report a technical simulation strategy is applied, 

which means that the model uses a predefined merit order of available supply units to define the 

concrete dispatch. In addition, a social interest rate is applied uniformly to all the technologies in the 

system based on [18]. The interest rate value applied in the analysis is 3%, to represent the socio-

economic nature of long-term energy system planning and design. 
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EnergyPLAN has previously been used in numerous studies of national energy systems [19] for 

analyzing the role of specific technologies as well as the design of 100% renewable energy systems. 

The tool has previously been applied to the project countries [20,21]. 

2.5.2 Scenario implementation 

Most of the relevant data needed for the models is included in the EnergyPLAN reference scenarios 

models presented in Section 2.3.1 about the reference scenarios. In these reference models a 

number of inputs have been altered between the different scenarios. The parameters that have been 

changed reflect the introduction of the heat pumps utilizing the heat sources in the energy system, 

technically and economically. 

The technical part of the implementation includes adjustment of the following parameters: 

 The accessible heat (TWh) 
 Hourly distribution of the accessible heat (Distribution file) 
 Electricity consumption in the heat pumps (TWh) 
 Hourly distribution of the electricity consumption (Distribution file) 

 Peak capacity of power plants (MW-e) 

 

The accessible heat and the electricity consumption is basically the input and output of the heat 

pumps and the hourly distributions are used to allocate this temporally over the modelled year. See 

Section 2.6 for more details about these hourly distribution profiles. The power plant capacity is 

adjusted to be able to cover the new peak demand, which changes because of the new electricity 

consumption that is introduced with the heat pumps. The power plant capacity is set to the peak 

demand that occurs in one hour of the year. 

To cover the economic changes from the reference scenarios to the heat source scenarios, the 

following parameters have been adjusted: 

 Total investment costs of heat pumps (M€) 
 Technical lifetime of heat pumps (years) 

 Fixed operation and maintenance of heat pumps per year (% of investment cost) 

 

The total investment cost of heat pumps is defined according to the peak power consumption of the 

heat pump at any hour of the year. The concrete parameters are presented in Table 3 along with the 

technical lifetime and fixed operation and maintenance. 

A number of other parameters change endogenously because they are linked to inbuilt functions in 

EnergyPLAN, for example, the cost of power plants, where it is only necessary to adjust the capacity 

and then the total ost is automatically updated. 

2.5.3 Evaluation parameters 

The analyses are quantitatively evaluated for their effects on a range of feasibility parameters. These 

parameters are energy system costs, primary energy demand, CO2-emissions, excess electricity, 

excess DH and capacity factor. They are elaborated in the following. 

Energy system costs include the total energy system investments, operation and maintenance, fuel 

expenditures, CO2 costs and electricity exchange. These are aggregated for the full year provides a 

single number (with a range of subcategories) for the annualized total costs of the energy system 

per year (M€/year). These costs are from the perspective of society and hence no taxes nor subsidies 

are included.   

Primary energy supply describes the total energy resources required for the energy system before 

any conversion or transformation processes take place. Other types of energy demands can be 

measured at the point of consumption in the building (delivered energy demand) or the final energy 

consumed in the building energy units (e.g. boilers, heat pumps or DH substations). However, 

primary energy represents the effects throughout all the processes in the energy system and is more 
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suited for evaluating fuel efficiency. For example, changes in DH supply temperatures will affect the 

DH network losses and are included in the primary energy demand, but not in the final energy 

demand. Primary energy is calculated as a single number for the total energy system (TWh/year) 

and is also subdivided into various categories where especially biomass demands are important to 

the study.  

CO2-emissions include the total energy system CO2-emissions from fuel consumption. The main 

changes to emissions in this report is due to heat supply changes, but emission changes could also 

originate from altered electricity supply profiles when more heat pumps are installed. CO2-emissions 

are expressed as a single number for the total energy system (Mt/year). 

Excess electricity generation represents the electricity generation throughout the year that cannot 

be utilized, stored or exported. This value is a representation of the energy system flexibility and is 

influenced by flexible technologies such as heat pumps, CHP plants and various types of storages. 

Excess district heating generation is rather similar to the excess electricity generation parameter. 

This value represents the DH generation that cannot be utilized or stored for other periods with heat 

demands. Hence, the flexibility in the heating sector will highly influence this parameter, for example 

based on the level of baseload production. This parameter is displayed for the full year (TWh/year) 

and a threshold of 5% of the annual district heat demand is set as the upper limit. 

Capacity factor is an expression of how much the installed capacity on average is utilized over the 

simulated year. A capacity factor of 1 implies a baseload operating unit being on all the time and a 

factor of 0.5 implied that the unit is operating half the hours of the year. This can be used as an 

indication of the role the unit plays in the energy system. 

2.6 Calculation of hourly profiles 
The temporal distribution of the heat sources and their potentials and the corresponding electricity 

consumption in the heat pumps and the final accessible heat from the heat pumps for DH supply, is 

important to this study. The details of how this has been derived and calculated is presented in this 

section. 

2.6.1 Temporal distribution of available heat 

The point of departure in this procedure is the available heat of each heat source and each country. 

The total annual values produced in Task 1.2, have been allocated to an hourly resolution using 

different methods between the heat sources. Some of the main assumptions in this context are also 

based on the work done in Task 1.2 and documented in Deliverable 1.4 [15]. Table 6 shows an 

overview of the heat sources and their main temporal allocation method. 

Table 6: Allocation method and key assumptions for the distribution of annual heat source potential into hourly profiles for 
four analyzed heat sources. 

Heat source Main allocation method 

Data center cooling Constant production assumed. 

Waste water treatment Relative to a sine function of the COP with annual cycle using a 

heat source with a maximum of 15 oC in August and a minimum 

of 8 oC in February. 

Metro ventilation Annual cycle with monthly values based on data from Task 1.2 

presented in Deliverable 1.4. 

Cooling in the service sector Assumed proportional to service sector space cooling. Hourly 

profiles from HRE4 is applied. 
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In Figure 9 the annual potential for available heat distribution is illustrated for an example for 

Germany for the 2050 potentials. It can be seen that the heat sources of data centers and waste 

water treatment are distributed relatively evenly across the year based on these assumptions. Metro 

ventilation and cooling in the service sector on the other hand have a certain baseload potential, 

which is different between the countries. The example in the figure represents the other countries 

and both years for the points explained here. However, as the total potential in each of the heat 

sources are different between the countries (as seen in Table 5) the shares of each of the sources 

are thereby also different.  

 

Figure 9: Share of peak availability of each of the heat sources based on the chosen allocation method. 

2.6.2 Temperatures and COPs 

To calculate the needed electricity to run the heat pump for each hour, a calculation of the COP is 

required, which again needs assumptions of the temperature levels of which it operates. Both the 

temperatures on the cold side (the heat source) and the hot side (DH supply) is relevant for the 

calculation of the COP. First, the basic assumptions are presented, followed by the method of how 

the COP is calculated. 

The temperature levels are in all cases calculated as a simple sine function reaching a maximum 

temperature in August and a minimum temperature in February. These temperatures are assumed 

to be the same in the 2015 and 2050 scenarios. In Table 7 the assumed temperature levels in the 

calculations are presented. 

Table 7: Assumed set point temperatures of the heat sources for the calculation of the COP variation for the four heat sources. 

Heat source temperatures Max temperature (summer) Min temperature (winter) 

Data center cooling 30 oC 25 oC 

Waste water treatment 15 oC 8 oC 

Metro ventilation 35 oC 5 oC 

Cooling in the service sector 40 oC 25 oC 
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Along with the heat source temperatures several assumptions have been used in the calculation of 

the COP. These are presented in Table 8. The DH supply and return temperatures are assumed here 

to be 90 and 50 oC respectively today and 75 and 40 oC in 2050. This assumes that DH systems have 

lower temperatures in the future when new systems are employed and old systems are renovated. 

The 75 / 40 oC system represents a mix of current technology and future 4th generation DH 

technology. The cycle efficiencies are the share of the total theoretically possible COP given the 

temperature assumption. It is for the heat sources for 2015 based on values documented in 

Deliverable 1.4 and for 2050 an efficiency increase of 10% is assumed to represent technological 

improvements. The cooling of heat source is assumed to be 5 K in all cases. This is only used in the 

calculation of the COP since it is depending on how far down the temperature of the heat sources 

have to be cooled. 

Table 8: Assumptions for the district heating (DH) supply and heat pumps for the calculation of the heat pump’s COP for the 
utilization the heat sources. 

(2015 / 2050) DH Supply 

temperature 

(oC) 

DH Return 

temperature 

(oC) 

Cycle 

efficiency 

Cooling of 

heat source 

ΔT (K)  

Data center cooling 90 / 75 50 / 40 0.50 / 0.55 5 

Waste water treatment 90 / 75 50 / 40 0.65 / 0.72 5 

Metro ventilation 90 / 75 50 / 40 0.67 / 0.74 5 

Cooling in the service sector 90 / 75 50 / 40 0.46 / 0.51 5 

 

The COP has been calculated assuming a Lorentz cycle because of the varying temperatures of the 

heat sources. It is defined in Equation (1). 

𝐶𝑂𝑃 = 𝜂𝐿 ∗ 𝜂𝐶       (1) 

ηC is here the cycle efficiency presented in Table 8 above and ηL is defined in Equation (2). 

𝜂𝐿 =
𝑇𝐴𝐻

𝑇𝐴𝐻−𝑇𝐴𝐿
        (2) 

In (2) TH refers to the logarithmic mean absolute temperature. Subscript H refers to the high 

temperature side of the heat pump, the condenser, and the subscript L refers to the low temperature 

side of the heat pump, which is the evaporator. TA for either of the two is defined in (3). 

𝑇𝐴 =
𝑇𝐴𝑖𝑛−𝑇𝐴𝑜𝑢𝑡

𝐿𝑛(
𝑇𝐴𝑖𝑛
𝑇𝐴𝑜𝑢𝑡

)
       (3) 

For TAH the in and out values refer to the return and supply temperatures of DH respectively, seen 

in Table 8 above. For TAL the in value refers to the heat source temperature and for the out value it 

refers to the heat source temperature minus the ΔT of 5K.  

2.6.3 Electricity consumption and heat production 

The electricity consumption (E) is calculated based on the COP and the available heat utilized (HL), 

see Equation (4).  

𝐸 =
𝐻𝐿

𝐶𝑂𝑃−1
        (4) 

The total heat production of the heat pump, the accessible heat (HS) is defined in (5). 
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𝐻𝑆 = 𝐸 + 𝐻𝐿        (5) 

In simple terms, this is saying that the output of the heat pump, the accessible heat, equals the sum 

of the contribution of the electric pump and the heat from the heat source. This is illustrated in Figure 

10. In this example it can be seen that the heat source is available at a higher quantity in the 

summer. However, the contribution from the heat pump is larger in the winter because of lower 

temperatures and lower COP and therefore the heat pump consumes more electricity to produce less 

heat. 

 

Figure 10: Distribution of accessible excess heat from waste water treatment divided into the shares coming from the 
electricity contribution through the heat pump and the share from the available heat from the heat source over one full year. 

2.6.4 Heat pump operation profiles 

The heat pump operation scenarios are based on the assumption that the heat pumps using the heat 

sources can operate flexibly according to supply and demand in both the electricity and DH systems. 

This means that the heat pump will not necessarily operate all the time and not utilize all the available 

heat, however, it will use the heat at points in time where it is feasible in the energy system. 

The operation of the heat pump is determined in the EnergyPLAN model when running the scenarios. 

An example of this can be seen in Figure 6. This is done for each country in each year to account for 

the fact that the energy systems are very different in 2015 and 2050, and the heat pumps therefore 

can be expected to operate differently. The operation distributions comprise a fraction of the total 

heat pump capacity, which is operated at any given hour. 

2.6.5 Combined country profiles 

For the combined country scenarios, the distributions for heat production and electricity consumption 

are simply based on the sum of the different relevant heat sources for each country on hourly level, 

weighted by the installed capacity of each of the heat sources. For each country scenario, that results 

in one hourly profile for heat production and one hourly profile for electricity consumption. 

In the analysis, these profiles are customized to provide the best possible result of the energy system 

operation. For example to reduce the baseload level avoiding unnecessary consumption of electricity. 

Or by removing single high peaks in the profile, to reduce the needed installed capacity in the heat 

pumps and the power plants and thereby also reducing the investment costs. The details of this is 

described further in the relevant sections where applied. 
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3 Results 
The results chapter is divided in three parts. The first part is outlining the initial results of the analysis 

of the available excess heat, calculation of accessible excess heat and SCOP for the different scenarios 

and how that relates to the national energy systems in which it is implemented. The second part is 

presenting the results and findings of the individual heat source analysis and finally, in the third part 

of the results the combined country scenarios are presented and it is discussed how much of the 

accessible heat that can be utilized. 

3.1 Excess heat source potentials 
The excess heat sources differ in terms of total volumes and relative availability across the countries. 

Moreover, there is also significant technical barriers for integrating the excess heating as DH currently 

is almost non-existing in some of the countries (i.e. less than 1% in Spain). Also, the accessible heat 

potentials, which is the sum of the available heat and the contribution from the electric heat pump, 

is calculated and summarized. This section frames and presents the excess heat potentials in relation 

to the surrounding energy systems. 

3.1.1 Excess heat potentials relative to heat demands 

Figure 11 presents the four excess heat sources within 2 km of a DH network as a share of the total 

heat demands in 2015. For data centers, the potentials equal approximately 2% of the total heat 

demand on average while the potentials from waste water treatment plants are at around 3% on 

average across the countries. The metro potentials have the lowest potentials below 1% of the total 

heat demand while there are large difference across the countries for the service sector cooling 

potentials. In Germany, France and Romania the potentials are 1-3% of the heat demands while this 

is significantly higher in Spain as the potentials here equal more than 20% of the total heat demand. 

The large difference for this excess heat source is due to the higher demand for space cooling in 

Spain in combination with a lower relative demand for heating. 

 

Figure 11: The available excess heat source potentials as a share of the total heat demands for 2015. Service sector cooling in 
Spain is 22%. 

When combining the four excess heat sources significant shares of the DH can be supplied by these 

sources as illustrated in Figure 12. In the countries with the lowest DH shares (Spain and France) 

these four sources alone can supply more than the total district heat demand in 2015 for one year. 

In the countries with more extended DH networks (Germany and Romania) the four excess heat 

sources combined equal 40-50% of the annual district heat demands. In comparison to the total heat 
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demands, the four excess heat sources equal 6-10% in most of the countries while the share is above 

30% in Spain. This shows that the excess heat potentials are highest in Spain, also because of a 

relatively lower heat demand per capita. 

The heating shares in the 2050 scenarios with lower heat demands and higher DH shares (see section 

2.3.1.2) and projected 2050 excess heating potentials as described in section 2.4.3 have been 

visualized in Figure 12 as well. In this case, the excess heating shares of the 2050 district heat 

demand is above 100% for Spain, France and Romania, where in Germany the share is 40%. When 

comparing to the total heat demand the excess heating share increases from 2015 to 20-30% in 

2050, except for Spain where almost all the heat demand, in annual terms, can be supplied by these 

heat sources (95%). The excess heat shares therefore could increase in future decarbonized energy 

systems due to lower heat demands and expanded DH networks.  

 

Figure 12: The combined potential of the four heat sources compared to the total heat demand and the district heating 
demand. The share of the district heat demand in Spain exceeds 5000% as the district heating demand is limited in 2015.  

Some of the differences in Figure 12 can be explained by the relative heat demands between the 

countries per capita. In Figure 13 the heat demands are presented per capita indicating clear 

differences between the heat demand per capita in 2015, for example Germany has three times 

higher heat demand per capita than Spain. These differences are less significant in 2050, but still 

prevail. Also, from a per capita perspective Spain has the highest excess heat potentials exceeding 

the district heat demand per capita in 2050 (despite a district heat share of 70% of the total heat 

demand). Hence, there are large relative differences between the countries already today.  
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Figure 13: The heat demand, district heat demand and excess heat potential per capita in 2015 and 2050. Population data for 
2050 are based on [22]. Notice that the Romanian population is expected to decline towards 2050 while the other county 
populations are expected to grow.  

One key consideration to have in mind is the temporality of the excess heat availability. The shares 

presented above assumes that all excess heat can be integrated for every hour of the year, however 

this will not be the situation in reality. There will be numerous hours of the year where the excess 

heat generation do not match the district heat demands and hence will wither results in 

overproduction or need for additional generation from other technologies. This is the focus of the 

analysis in the subsequent sections where the excess heat potentials are modelled on an hourly 

resolution in each of the four countries under a variety of conditions.  

3.1.2 Accessible heat potential 

The accessible heat varies from country to country and also between the different sources. In Table 

9 the accessible heat for the different countries, heat sources and years is given. Both of the 

strategies of how to integrate the heat sources; Total heat and HP Operation are given. The SCOP is 

also given for each case. From the table, it can be seen that the HP Operation accessible heat is 

significantly lower than the Total heat values. The reason for this is that in the HP Operation situation, 

the heat pumps are only operating when it is feasible in the energy system, and therefore, not 

utilizing the full potential of the available heat.  

It can also be seen that the SCOP is higher in 2050 than in 2015. This is due to two different issues, 

which can be seen in Table 8. The first is that the heat pumps efficiency (cycle efficiency) is assumed 

to increase by 10% towards 2050. The other issue is that the DH supply system temperature levels 

are assumed the decrease as a result of a development towards low temperature DH and 4DH. 

Generally this means that the heat pumps will be using less electricity in the future to recover the 

available heat. It should also be noted that the SCOP is lower for the HP Operation cases than the 

Total heat cases. This is due to the fact that the heat pumps operate less in the warm season in the 

HP Operation cases, where a higher COP can generally be achieved, whereas in the Total heat cases, 

the high COP during the summer is fully utilizes. This tendency is mostly pronounced for the Metro 

ventilation and the Service sector cooling heat sources, because these have larger fluctuations in the 

seasonal temperatures. 
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Table 9: Total accessible heat divided between the four countries and four heat sources, in both 2015 and 2050 and in the two 
different ways of integrating the heat sources; Total heat and HP Operation. In addition, the SCOP for the different situations 
is given. 

[TWh]  Germany Spain France Romania 

  2015 2050 2015 2050 2015 2050 2015 2050 

Data 
centers 

Total heat 14,6 34,4 4,4 17,3 11,5 25,7 1,3 2,5 

SCOP 3.8 5.6 3.8 5.6 3.8 5.6 3.8 5.6 
HP Operation 4,9 11,5 1,5 5,2 3,8 6,2 0,4 0,7 

SCOP 3.7 5.4 3.7 5.4 3.7 5.4 3.7 5.4 

Waste 
water 
treatment 

Total heat 30,8 46,3 5,7 20,2 21,7 22,1 4,6 4,3 

SCOP 3.7 4.9 3.7 4.9 3.7 4.9 3.7 4.9 
HP Operation 9,8 15,5 1,9 6,1 7,3 5,3 1,5 1,2 

SCOP 3.5 4.7 3.5 4.7 3.5 4.7 3.5 4.7 

Metro 
ventilation 

Total heat 1,7 1,6 2,5 2,3 2,6 2,4 0,3 0,3 

SCOP 4.7 6.8 4.8 6.9 4.8 6.9 4.8 6.9 
HP Operation 0,4 0,5 0,6 0,7 1,1 0,6 0,1 0,1 

SCOP 3.7 5.3 3.7 5.5 3.8 5.4 3.7 5.3 

Service 
sector 
cooling 

Total heat 6,4 32,7 14,4 72,8 12,2 38,3 1,9 6,5 

SCOP 4.2 6.7 4.2 6.7 4.2 6.7 4.2 6.7 
HP Operation 1,3 18,7 3,6 32,9 6,2 16,4 0,4 2,6 

SCOP 3.5 6.1 3.6 6.0 3.7 6.0 3.5 5.8 
 

3.1.3 Summary of findings 

It is found that the combined potential of the four sources of heat is bigger than what can be utilized 

in all the four countries. This is mainly due to the fact that the available excess heat alone in several 

cases is above 100% of the DH demand. This occurs in Spain and France in 2015 and in Spain, 

France and Romania in 2050. In the remaining cases the available heat is about 40% of the DH 

demand, which is still a significant amount. On top of the available heat comes the electricity 

contribution from the heat pump, so the totals will end up even bigger. 

It is also found that when the total accessible heat is limited by the operation profile of a system 

integrated heat pump, the accessible heat drops substantially, due to the difference in availability of 

heat and the feasibility of operating a heat pump in an energy system perspective. The COPs can be 

expected to increase towards 2050 as a result of increasing efficiency of heat pumps and reducing 

temperatures of DH supply, however, the HP operation is mainly present in the times of year when 

the COP is low, hence the actual SCOP of the systems will be lower when applying a flexible HP 

operation. 

3.2 Individual heat source analyses 
In this section the potential heat sources are put into context of the energy systems of the respective 

countries. The heat sources are introduced individually into the countries energy systems, in some 

different ways to illustrate different conditions and ways of integrating the heat sources. In these 

analyses it is not considered exactly how much can be integrated in each individual country, but 

rather how the different heat sources and countries compare when a heat source is integrated at full 

scale. 

3.2.1 Energy system impact of excess heat 

Initially it is analyzed what impact the introduction of excess heat using heat pumps have on the 

energy system, no matter which source that is in question. Figure 14 shows the basic change in CHP 

and boiler production in an energy system when heat pumps are introduced, for the case of Germany 
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2050. This is just an example and do not consider any limitation in available heat. It can be seen 

that the heat pumps are in the beginning mainly replacing boiler production, with a good reflection 

in the system costs. However, at a certain point there is not much more boiler production to replace, 

and the cost curve reaches a low peak. From here on, the costs start to increase and the installed 

capacity can no longer be utilized effectively. The impact on the CHP production in this case is very 

small, but after the peak in costs, the CHP production starts to decrease as well, and will decrease 

more or less depending on how the heat pumps are operated. This is discussed further in the following 

sections. 

 

Figure 14: Example of the changes in district heating production based on CHP and boilers with the introduction of heat pumps 
in the case of Germany for 2050. 

The other heat sources that are in the scenarios; industrial excess heat, waste incineration heat 

recovery, geothermal heat and solar thermal heat are not influenced at all and therefore not included 

in the figure here. These are not influenced because they are assumed to have a marginal operation 

cost that is very low or even zero. Hence, the operation of the heat pump cannot compete. 

The excess heat sources are integrated in order to supply DH and is therefore primarily related to 

the heating sectors. However, because the analyses in this report applies a full energy system 

perspective, the effects on other sectors are also analyzed. As mentioned above the most effective 

situation for utilizing the excess heat with a heat pump, is when it can replace the operation of a 

boiler. However, in some cases in the modelled individual heat sources scenarios, CHP production is 

replaced. In Figure 15 the effect of replacing CHP production with heat pumps can be seen. When a 

heat pump directly replaces a CHP plant, there is an increased need for power production, both 

because the heat pump introduced a new electricity demand, but also because of the electricity that 

would have been produced at the CHP plant. Since the CHP plant had to operate in the first place, it 

is likely at a time where there is not much wind or solar power production, so the increased power 

demand will most likely have to be produced at a thermal condensing power plant. This is the trend 

that can also be seen in the figure. In most cases there will only be a very small efficiency 

improvement to gain, if any at all. Therefore, the heat pumps should mainly be replacing boiler 

operation. 
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Figure 15: Marginal change to electricity production in France in HRE 2050 (with heat pumps) once the excess heat sources 
are implemented. Scenarios of Total heat and HP Operation are presented for each heat source.  

3.2.2 Flexibility of operation 

The importance on the flexibility of the heat pumps is assessed by comparing the Total heat and the 

HP Operation scenarios. Figure 16 illustrates the marginal change in DH production for Germany 

compared to the reference scenario. The Figure is divided between the two different operation 

strategies; one total where all the excess heat potentials are implemented, and a second the HP 

operation mode where the potentials are adjusted so they align better with the energy system 

demands. 

 

Figure 16: Marginal change to DH production in Germany in HRE 2050 once the excess heat sources are implemented. 
Scenarios of Total heat and HP Operation are presented for each heat source. A negative DH balance indicates an 
overproduction of heat that cannot be used.  

The figure indicates the importance of the operation profile for the heat pumps utilizing the excess 

heat potentials. When comparing the Total heat operation mode with the HP Operation mode 

significant differences occur in terms of the potentials integrated and thereby the effects on the DH 

production mix and overproduction. For example, the CHP production is reduced much more in the 

total operation mode than in the operation mode, which is not an effective use of the heat pumps as 

shown previously. Even in the HP Operation scenarios there is a significant amount of CHP being 

reduced which indicates a further potential for improvement that will be addressed in the combined 

country analysis. Moreover the overproduction of DH is lower once the HP operation is applied. It is 

therefore crucial to consider not just the potentials that are integrated, but also how they align with 

the rest of the energy system. 
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The effects of adjusting the excess heat profiles more to the energy system demands also influence 

the overall energy system costs. For all the four heat sources the costs are either similar or lower 

once the HP operation profile is applied. This is a consequence of the lower overproduction of DH and 

hence less heating that is wasted and adding no value to the energy system and reduced need for 

installed capacity of heat pumps.  

In Figure 17 it can be seen how the heat pumps operate in the HP operation scenarios. The CHP 

plants generally produce heat where there is also a demand for electricity production, so in some 

hours they do not operate, and the heat demand is covered by other sources. This is generally when 

there is a large production of wind or solar power, and it can be seen that heat pumps and electric 

boilers are always operating when the CHP is not, as they consume the power production from wind 

and solar. The electric boilers generally operate when the heat pumps are already at their maximum 

capacity, as the heat pumps are more efficient in the power to heat conversion. The boilers work as 

a last option in the supply mix, when there are no more efficient units available at a given time. 

 

Figure 17: District heating production in hourly resolution showing a week in February. The example of flexible HP operation 
without existing HPs in Spain 2050. 

The heat pumps might operate in baseload in certain conditions, particularly in energy systems with 

a lot of production using boilers. This could be in systems with no access to heat from CHP plants, 

geothermal or industrial excess heat. In a system where the heat pump could operate baseload 

replacing boiler production, it would often be a feasible solution. The ability to reduce or turn off the 

production at times where a CHP plant might occasionally deliver some heat, however, is a very 

important feature, since that can contribute to balancing the total electricity system. 

3.2.3 Limits to integration of excess heat sources  

One of the main limiting factors to the integration of excess heat is the mismatch between heat 

demand and the availability of the excess heat. Figure 18 shows this mismatch as the temporal 

distribution of the four heat sources and the heat demand is presented. The peaks of the available 

heat is in the summer for all the analyzed sources except Data centers, which is constant here. The 

accessibility differs only slightly from the availability in terms of temporal distribution as it is only the 

share coming from electricity that varies with the changes in the COP. 

It can be seen that all the sources have a base level and some fluctuations up from this. For example, 

the service sector cooling has a base level of about 5000 MW, which can be seen as the minimum in 

the winter. The minimum level of the combined sources is in this case 9300 MW. The mismatch is 

highest for the service sector cooling, but also Metro ventilation and Waste water treatment has it to 

some extent. In addition to these excess heat sources there are also a number of other heat sources, 

of where several will be of lower cost, e.g. high temperature industrial excess heat. This means that 

there may not be much potential for replacing boiler production left, particularly in the summer. This 
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indicates that even though a large proportion of the accessible heat is in the summer, it may not be 

feasible to utilize it. 

When acknowledging the common characteristic of a base level, and that heat pumps should probably 

not be dimensioned to utilize more than this base level, the four sources can be seen as very similar, 

because they all have a base level and this is what defines the potential. Some are of cause 

proportionally bigger, as in this example for Spain where Service sector cooling is larger than Waste 

water treatment and so on. However, when a heat pump is designed according to the base level, it 

is mostly a matter of scale, because this means that the heat pumps are then able to operate at full 

capacity at any time when feasible during the year.  

In this perspective, no significant difference in feasibility between the four heat sources have been 

identified. The main difference is here the differences in COP and the corresponding electricity 

consumption. The differences will most likely be much more dependent on local conditions, such as 

specific temperature availability at the concrete heat source, technical installation requirements, the 

local DH supply temperatures and the mix and location of other heat sources in the DH supply system. 

 

Figure 18: Accessible heat of the four heat sources in Spain in 2050 and the heat demand on weekly resolution in time. 

As previously mentioned, the volume of excess heating as well as the operation profile of the heat 

source has a significant influence on the overproduction of DH for a national energy system. Figure 

19 shows the DH overproduction for Spain in 2050. There are clear differences between the two 

types of operation modes as the DH overproduction is less than half for the operation mode compared 

to the total operation mode scenarios. Especially for the service sector excess heat potentials the 

overproduction of DH gets extensive above 35% of the total district heat production. This is due to 

the limitations of the energy system of absorbing this heating, especially during summer periods 

where the heat demands are low and the excess heat potentials from cooling are high. Hence, two 

factors should be considered: 1) the total potential that the energy system can absorb (flexibility) 

and the temporal feasibility of the heat source and the energy system, i.e. when is the heat produced 

versus when the energy system demands occur. 
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Figure 19: District heating overproduction for Spain in 2050 as a share of the total district heating production.  

 

3.2.4 The competition between different heat sources 

The assumptions for the existing energy system in where the heat sources are suggested 

implemented in, are very important because that defines which heat sources can be replaced and 

ultimately how much can be saved in the operational costs of the energy supply.  

In Figure 20 three examples of situations in terms of heat sources in France 2050 are shown. In each 

of the situations the DH production mix is presented with and without the heat source integrated – 

here the heat from Data centers of 6.2 TWh/year. These three examples give very different results 

in how the new heat source is able to replace other sources. In the first situation where the existing 

capacity of heat pumps is still in place, there is almost no room for the heat pumps in the supply 

mix, and they replace only 1 TWh of boiler production and 3 TWh of CHP production, which is not a 

very effective utilization, as discussed previously.  

In the second situation, the scenario without HPs, the heat source replaces 5 TWh of boiler production 

and only 1 TWh of CHP production, which is a much more effective use of the investment in the heat 

pumps. In this situation the excess heat production of introducing an additional heat source is only 

increasing slightly. In the last situation, without HPs and excess heat, the introduced heat source 

replaces boiler production 1 to 1 and it do not generate any excess DH production as the total 

production exactly meets the demand. This means that the heap pumps are very effective in this 

situation. 

This should not be interpreted as saying that heat pumps using low temperature excess heat are 

more feasible than high temperature industrial excess heat for example. On the contrary; if there is 

baseload high temperature excess heat sources available that will most likely be preferable to using 

low temperature excess heat using a heat pump because it do not require the investment in the heat 

pump or the electricity consumption for the pump. However, if there is no high temperature excess 

heat that can be used directly, heat pumps using excess heat can play an important role replacing 

boiler production. The competition is not only with other excess heat sources. For example 

geothermal or solar thermal can in many cases also be in competition with excess heat using heat 

pumps, even though they are in many ways different, they all require a significant investment and 

cover their investment by replacing units with high operation costs – mainly boilers. This means that 

the concrete system will have to be assessed carefully before it can be decided what is the most 

appropriate production mix and excess heat and heat pumps should be a part of that. 
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Figure 20: District heating production in the case of France 2050. Illustrating the change when implementing the Data center 
excess heat using the HP Operation profile in three different conditions. The standard reference with all sources still present, 
the situation without heat pumps and a situation without heat pumps and the baseload excess heat.  

3.2.5 The influence on national CO2-emissions 

The CHP plants and condensing power plants have different efficiencies and consume different fuels, 

which affects the primary energy supply. Figure 21 illustrates the changes to the primary energy 

supply for France in 2015 as a share of the total primary energy. The introduction of “fuel-free” 

excess heating sources replaces CHP plants and DH boilers that previously consumed fuels in the 

forms of natural gas and biomass. However, as previously explained the condensing power plants 

operate more and in the French situation illustrated in the figure these currently consume coal. 

Hence, integrating excess heat sources for this case reduces natural gas and biomass while increasing 

coal consumption. This naturally depends on the fuel mix for the thermal technologies in a specific 

country. 

The integration of excess heat sources influences the primary energy supply as seen in Figure 21. 

This also has an effect on the energy system CO2-emissions as illustrated in Figure 22 where the 

changes are indicated for each country in the 2015 scenarios for each heat source. It is difficult to 

draw general conclusions across the heat sources as some scenarios suggest increasing emissions 

while other scenarios indicate reductions. The influence on the CO2-emissions is higher in the 

scenarios where the largest volume of excess heating is implemented, i.e. the sewage potentials in 

2015. The emissions only increase with the new heat sources while the opposite effects occur for the 

French energy systems. In Spain and Romania, the influence seems dependent on whether the total 

heat is utilized, for which the emissions increase, of if the HP Operation is applied, for which the 

emissions decrease. 
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Figure 21: Marginal change to energy primary energy supply in France in 2015 once the excess heat sources are implemented. 
Scenarios of Total heat and HP Operation are presented for each heat source. 

 

Figure 22: Changes to energy system CO2-emissions from integrating the excess heat sources in the 2015 scenarios.  

The reason for increasing CO2-emissions in Germany is the increase in coal consumption for 

condensing power plants while the natural gas and biomass consumption decreases at CHP plants 

and DH boilers. Since coal has a higher CO2 intensity than natural gas and biomass, the overall effect 

is an increase. In the French energy system, the DH network is limited in 2015 and therefore also 

the volume of CHP plants. Consequently, a higher proportion of DH boilers are replaced in France 

when integrating excess heating sources and thus less additional condensing power plant operation 

is required. This results in a small increase in coal consumption while the natural gas consumption 

has a higher decrease, ultimately reducing the energy system emissions.  

Even though it is hard to draw general conclusions regarding the changes of CO2-emissions, it should 

be noticed that the overall influence on the total energy system CO2-emissions is limited to less than 

1% in all scenarios. 

In the 2050 scenarios it is assumed that most of the heating is supplied by renewable resources and 

hence integration of excess heating will not influence the CO2-emissions. There is a bit of fossil fuels 

left in the reference scenarios for 2050, but the mix of fuels in 2050 in different types of plant in 

different countries is not certain enough to make any general conclusion on it at this point. 

What can be concluded is that integrating further excess heat does not automatically reduce CO2-

emissions as this depends on the energy system characteristics and which technologies (and their 

fuel mix) are replaced and the changes to the emissions in general are small in the picture. 

-0,80%

-0,60%

-0,40%

-0,20%

0,00%

0,20%

0,40%

Data Sewage Metro Services Data Sewage Metro Services

Total Operation

C
h

an
ge

s 
to

 p
ri

m
ar

y 
en

er
gy

 s
u

p
p

ly
 a

s 
a 

sh
ar

e 
o

f 
to

ta
l P

ES

Coal Oil Ngas Biomass Hydro

-0,2%

-0,1%

0,0%

0,1%

0,2%

0,3%

0,4%

0,5%

0,6%

0,7%

0,8%

Total Operation Total Operation Total Operation Total Operation

Data Sewage Metro Services

C
O

2
 c

h
a

n
g

e
s 

co
m

p
a

re
d

 t
o

 r
e

fe
re

n
ce

s

Germany France Spain Romania



ReUseHeat             Deliverable 1.5 
 

Page 46  

3.2.6 Summary of findings 
A flexible operation of the heat pumps is found to be feasible in the total energy system perspective, 

compared to a baseload operation or one that is just connected to the heat demand. The ability to 

change the operation of the heat pump as a response to system conditions is found to be important, 

e.g. by reducing or turning off production at low wind power production or high electricity prices. 

They may in some systems and conditions work as baseload most of the time, but the ability to 

operate flexibly increases the ability to integrate renewable electricity and replace fuel consumption 

more effectively. 

It is not found feasible to have capacities of heat pumps larger than what is needed to recover the 

available heat in the winter. The installed capacity of the heat pump in a given situation is a large 

share of the total life cycle costs of utilizing the excess heat source. For most of the heat sources the 

peak of available heat is in the summer, however the heat demand in the summer is low, and often 

covered by other sources of heat. 

All the heat sources are found to have a potential for being feasible in the four countries – and likely 

in most of the remaining EU member states, and both in 2015 and 2050. If there is a large amount 

of low-cost excess heat available in the system or other cheap heat sources to cover large parts of 

the demand there might not be any more boiler production to replace. No significant difference 

between the feasibility of the heat sources have been identified, even though the amount of available 

heat that can be recovered vary largely. The COP between the sources are slightly different but as 

all the sources have relatively high COPs already, it does not make a very big difference in the overall 

system feasibility. Also, the temperatures that constitute the COP can vary from one case to another, 

which might shift the balance of which sources are most feasible. 

No significant potentials of reducing CO2-emmissions have been identified, but a tendency that lower 

emission are achieved when HPs are integrated in a flexible way, in line with the HP operation 

scenarios. In 2015 is has more of an influence because there are more fossil fuels in the system 

compared to 2050 where most fuels are based on renewables including biomass. 

3.3 Combined country scenarios 
In the previous section the heat sources was analyzed individually and not considering how much of 

the potential is economically feasible to integrate in the energy systems of the four countries. This 

section builds on the previous, by combining the different sources and adjusting them to the specific 

country. For each country a scenario is presented of how the four sources can be combined in a 

feasible way, indicating an economically feasible potential of integrating the analyzed urban excess 

heat sources. 

In Table 10 a number of figures are presented for each country to illustrate how the introduction of 

the analyzed heat sources influence the energy system of each of the countries in terms of energy 

balance, system operation and economy. The first section in the table present general energy system 

figures, where the second section in the table present figures related to the heat pumps and the 

excess heat. The results will be discussed in the following sections 3.3.1 and 3.3.2. More details for 

each of the scenarios are enclosed in the Appendix. 
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Table 10: Summary of key indicators from the combined country scenarios for 2015 and 2050. 

 Germany Spain France Romania 
 Unit 2015 2050 2015 2050 2015 2050 2015 2050 
Primary energy supply  TWh 3,371 2,510 1,319 1,416 2,813 2,290 336 371 

- Reduction  TWh 3 29 2 10 7 7 1 2 

Energy system costs B€ 200 215 73 114 143 175 15 23 

- Reduction M€ -11 575 15 62 166 60 18 33 

Excess electricity 
production 

TWh 0.0 75.3 0.0 34.3 27.0 55.3 0.0 7.7 

Peak power consumption MW-e 64.3 235.7 27.2 133.4 29.4 206.0 4.7 23.9 

         
Installed Heat pump 
capacity 

GW-
th 

2.9 13.5 1.3 6.4 3.1 3.9 0.6 1.0 

Heat pump capacity factor - 32% 29% 33% 24% 33% 25% 32% 25% 

SCOP - 3.7 5.4 3.7 5.3 3.8 5.3 3.7 5.4 

Utilized accessible excess 

heat 
TWh 8.2 34.7 3.7 13.5 9.2 8.6 1.8 2.3 

 

3.3.1 Reductions in system costs and primary energy 

The total suggested amount of excess heat to be utilized by investment in heat pumps will generate 

an economic reduction in energy system costs of 730 M€/year in 2050. If this is representative to 

the rest of the EU, the total potential reduction in costs would be 1.8 B€/year, scaling by the heat 

demands. To put this a bit in perspective; if the amount is divided according to the DH demand in 

the countries in 2050 and an average heat demand of 5 MWh/year/consumer is assumed, it is 

equivalent to a saving of 10 €/year/consumer on average across EU. This is of cause a too simple 

way of calculating it, and should only be seen as an illustration of the scale of the possible savings. 

This indicates that the economic savings possible are not extremely big, but not negligible either. 

And the solutions are not relevant in all DH systems, so in the places where there are excess heat 

sources available, it will have a larger influence on the local system costs. 

In 2015, there is also a potential for reducing the energy system costs amounting to 200 M€/year in 

total for the four countries. The lower potential today in monetary terms should be seen in the light 

that DH covers 3-4 times larger a share of the heat demand in 2050 compared to 2015, which 

explains the difference. As this is a historical year it says that if the heat pumps had been in place in 

2015, the costs for the heat supply would have been lower. This indicates that there is a potential 

already today to consider implementing heat pumps and utilizing excess heat. In Spain and France, 

the DH potential is increased to the EU average of 12% to illustrate the potential in case DH is also 

expanded.  

In Germany there is no general potential in 2015 as seen in Table 10, the possible reduction is 

negative for even a small capacity of heat pumps. This should not be interpreted as there not being 

any potential in Germany, but rather that the general economic conditions are less attractive in 

Germany and that the business cases will be fewer. In this connection it can be mentioned that 

Germany has far the best potentials in 2050, so the trend is suggesting that it might soon or already 

today be more feasible than the results for 2015 indicates. 

In France, the trend is opposite than in Germany, where the economic reduction in costs is lower for 

the 2050 scenario compared to 2015. This is a result of two things. Firstly, the conditions in 2015 

are exceptionally favorable for heat pumps in 2015. As can be seen in Table 10, there is in France 

as the only country in 2015 an excess of electricity production, which is caused by a relatively large 

and inflexible nuclear power production. The heat pumps operating flexibly are able to use the 

electricity from the nuclear production when it is not needed. This is the same situation as when a 

large amount of wind and solar power (that can also be seen as inflexible) is introduced in 2050 and 

creates excess electricity in all the countries. Secondly, in France 2050 the conditions for heat pumps 
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are not that good because of a large share of baseload excess heat, and even though it has been 

reduced to be more comparable to the other countries, there is also a larger share of geothermal 

heat, which improves the issue. 

Similar to the costs, there is also a potential for reducing the primary energy supply by introducing 

the heat pumps and excess heat. In the 2050 scenarios there is in total 48 TWh of possible saving 

in primary energy, where in 2015 it is only 10. The lower value in 2015 is both a result of the lower 

coverage of DH compared to 2050, but also that more of the electricity is produced in thermal power 

plants, where in 2050 more of the electricity comes as a reduction of the excess electricity production. 

In some situations the heat pumps will be using excess electricity and excess heat to deliver heat 

into a DH system. 

The reduction of primary energy is almost solely a reduction in fuel consumption. In 2015 the 

reduction is based on different fuel types, because the heat pumps induce a number of changes in 

the energy system. The different affected units that consume a fuel; boilers, CHP plants and power 

plants, all have individual fuel mixes, so a shift from CHP to less boiler and more power plant 

production for example, can influence the consumption of different fuel types in different directions. 

However, there is a general reduction in the fuel consumption. In 2050 the reduction in primary 

energy is only biomass, since most of the remaining thermal production units are converted to 

biomass in these scenarios. 

3.3.2 Utilization of the excess heat sources 

The total accessible heat has been the starting point for the assessment of what can be integrated 

in the energy systems. Figure 23 shows how the initial total accessible heat relates to the amounts 

which have been integrated in the combined country scenarios for 2050. It can be seen that the 

feasible utilization is substantially lower than the total accessible heat and in many cases also 

significantly lower than the HP operation scenario potentials. The difference between the HP operation 

scenarios and the Feasible utilization scenarios is that the HP operation scenarios, the accessible heat 

has been shaved according to the HP operation profile, where for the Feasible utilization the potential 

has been further reduced and adjusted to match the needs of the energy systems.  

In Germany almost all the HP operation potential can be utilized for Data centers and Waste water 

treatment as seen in Figure 23. The reason for this is that the heat sources relative to the DH demand 

is lower than the other countries (see Figure 12 on page 36). For Service sector cooling, only a small 

share of the HP operation potential can be utilized because the installed heat pump capacity in the 

combined scenario is defined by the winter availability of heat. In France, only about half of the 

accessible heat for Data centers is utilized. Here, the limiting factor is how much can be integrated 

in the energy system rather than the maximum winter availability. In all cases the accessible heat 

from the Service sector cooling is reduced extensively from total availability to feasible utilization, 

because of the opposite annual distribution compared to the heat demands. The Data centers and 

Waste water treatment are reduced less because of the more constant profile of the heat availability.  

The feasible utilization being low for some sources or reduced a lot in some cases should not be seen 

as an indication of those sources being less feasible than the others. It just means that a lower share 

of the excess heat will be feasible to utilize. 
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Figure 23: Accessible heat for the different scenarios, heat sources and countries in 2050. 

The results of the combined country analyses are as mentioned an example of how the heat sources 

could be integrated in the countries. The capacity factors, presented in Table 10 indicate how much 

the heat pumps are expected to operate. It can be seen that in 2015 they operate about one third 

of the hours, where in 2050 it is closer to one fourth of the time. Both numbers are relatively low 

compared to the systems being implemented at the moment. These more tend to operate baseload, 

which also gives a better business case. The economic potential identified here is a socioeconomic 

potential rather than a business economic potential, and as large heat pumps in many places is a 

new kind of solution, the regulatory framework has to be adapted to this as well. So the business 

cases right now may only be feasible in case of a system where the heat pump can run as baseload, 

but these results indicate that even with relatively low capacity factors, the heat pumps should be a 

good business for the society. 

3.3.3 Summary of findings 

It is found for all the four studied countries that when introducing a balanced amount of excess heat 

allowing the heat pumps to operate flexibly, it can reduce the total energy system costs by up to 1 

B€/year as well as 50 TWh of biomass. The costs invested in the heat pump can be covered by the 

reduction in fuel consumption. 

It is also found that the combined potential of the four sources of heat is bigger than what can be 

utilized in all the four countries. This is mainly due to the fact that the available excess heat alone in 
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all cases is 50% or above out of the total DH demand, and in several cases (Spain, France and 

Romania in 2050) above 100%. At the same time a large proportion of the heat is available in the 

summer, where the heat demand is low, and mostly covered with other sources of heat. 

In cases with large amounts of baseload excess heat, heat pumps are not very feasible as they 

compete on replacing the same production, mainly heat-only fuel boilers. In the 2050 models, 

particularly in France, there is a large amount of baseload excess heat, which do not leave any 

possibility for the heat pumps during most of the summer season. If less excess heat would be 

present, and some more of baseload and summer demand would be available to cover with a heat 

pump, the feasibility would be even better. 
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4 Discussion and recommendations 
In this chapter, different issues related to the feasibility and future of the heat sources of this study 

are discussed. In the end of each of the two sections, a few recommendations are summarized. 

4.1 Relevant systems for integration of heat 

pumps 
A general issue in relation to the feasibility of the integration of the suggested heat sources in energy 

systems, is the local conditions of the heat source that the heat pump will be utilizing and the DH 

system where the heat is to be delivered into. Here, a few relevant parameters in this connection 

are discussed. 

Through this report, the heat demands considered for receiving the excess heat has only been that 

which can be used in DH. This is a very relevant system to make use of, because it accumulates a 

large number of consumers in one system and there by allows a large degree of flexibility in terms 

of heat sources for covering the demand. However, in some cases, single large and nearby heat 

consumers can in addition to supplying heat also be a receiver of the excess heat. This is mainly 

relevant in areas where DH is not deployed. This could for example be a hotel, a shopping center, a 

hospital or similar. In such cases, the competition from other heat sources as discussed in Section 

3.2.4 is not relevant, because when DH is not available, the competition is limited to the heat that 

can be produced on site, and this will generally be of a higher cost than utilizing the excess heat. So 

in situations where the availability profile and the demand profile are acceptably in line, and the 

distance between the source and the demand is short, it can be feasible to utilize the excess heat 

without a DH network available. 

For the DH areas there has not been distinction between different types or sizes of systems, because 

of the national system boundary applied, even though it makes a difference for the feasibility in a 

concrete case as a result of how the local system is designed and which heat sources are used. As 

discussed previously, it is great importance to the feasibility of heat pumps using excess heat, 

whether there are any industrial excess heat, waste incineration heat recovery, or low-cost and 

baseload heat sources available in the area, since this limits the feasibility because of fewer operating 

hours though the year. Large DH networks with a large heat demand to cover are most likely located 

in a correspondingly large city or a network of smaller cities located close to each other. In such 

places there are generally many activities located as well that produce (baseload) excess heat, such 

as waste incineration, power production and industrial facilities. These can be   sensibly used because 

if the excess heat from these activities cannot utilized in a DH system, it will most likely be lost. 

However, this also creates a limit to how much excess heat it makes sense to utilize using heat 

pumps in these places. However, as shown in the analyses, there is still a significant potential for 

utilizing parts of the excess heat through heat pumps. In addition, there might be some larger 

systems without any baseload heat or CHP production, and in these cases there are very good 

potentials for heat pumps using excess heat. 

In a small DH network in a smaller town, it is less likely that such an activity is already located. This 

means that there are better possibilities here of covering a part of the demand using heat pumps, 

maybe even partly baseload. This may result in some very feasible situations for heat pumps, and 

some good business cases. On the other hand, if in small DH system there is just one excess heat 

source available, it might not be feasible at all to utilize excess heat in that area. In some cases, 

renewable heat sources may also be relevant to consider. Solar thermal heat can for example be 

relevant in DH systems with little or no baseload heat sources because the main production from 

solar thermal is in the summer half-year, where another heat source covering the baseload might 

remove the potential feasibility of the solar thermal production. Solar thermal, however can be 

operated complimentary with a heat pump, because the solar thermal produced less in the winter. 

The inclusion of thermal storage can also have a significant influence on the feasibility of utilization 

of excess heat using heat pumps. Particularly interesting is the potential in applying long-term 
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seasonal storage in combination with the heat pumps to enable more operating hours, particularly 

during the summer when the demands are low but the availability and COPs are high. This would 

enable a replacement of boiler production at other times of the year, and thereby improve the 

feasibility of a heat pump. Particularly in systems that also need a large scale thermal storage, for 

example for solar thermal, it could be an option to use the investment for both production units 

simultaneously. 

It is recommended to look at some city cases of DH systems in more detail to analyze the balance 

in different systems designs of when it is feasible with heat pumps, how much the coverage with 

baseload excess heat sources limits the feasibility of heat pumps, and when it will make sense to 

make the investments. It can also be recommended to study eventual barriers for implementation 

in concrete country settings, to be able to evaluate how well the existing regulatory framework is 

adapt to support the implementation of excess heat using heat pumps. If there are any significant 

barriers related to the regulation, taxation or similar, that is hindering implementation of these 

solutions as they contribute to the overall efficiency and decarbonization of the energy system in 

general, they should be addressed and possibly the regulation needs to be revised. 

4.2 Expected energy system development 
The energy system models used in this study, the HRE scenarios for 2050, include large amounts of 

fluctuating renewables, some electrification of transport and industry, introduction of electrofuels for 

transport and a general shift away from fossil fuels in all sectors, only leaving a small amount of 

fossil fuels in the systems. However, the systems are not fully covered with renewable energy and 

they are not designed fully according to the smart energy system parameters, even though there 

are some similarities. Only the heating and cooling sector in the scenarios, which was developed in 

the HRE4 project, follow the smart energy principles. In a development that would go further towards 

a smart energy system and towards 100% RE, compared to what is laid out in the HRE scenarios, 

the role of the large heat pumps and the utilization of the studied heat sources would become even 

more relevant and feasible than what is presented at current. 

One of the main issues in this relation is the operation of the power plants and CHP plants. CHP 

plants and power plants are to some extent assumed to be the same physical plants, so that if there 

is no demand for heat at some point, the plant will just operate in condensing mode, whereas, in the 

cases where there is a heat demand when the power plant is operating, the excess heat is taken out 

for DH supply at a small reduction in electric efficiency of the power output of the plant. Currently, 

the CHP operation covers about one third of the DH heat demands, however, these plants can be 

expected to operate less if the energy systems are designed to dispatch in a more “smart” way. An 

increased focus on sector integration and introduction of new flexible demands in this connection is 

valuable. For example, smart charging systems for electric vehicles would increase the amount of 

fluctuating renewables that can be integrated in the electricity system and thereby replace power 

plant operation time. Another example is the gas sector, where an increased amount of electrofuel 

gas, produced in a flexible way, could further improve the ability in integrate renewable electricity 

sources and replace operation time of the power plant and the remaining fossil fuels in the gas 

system.  

Reducing the need for operation of the power plants will also reduce the amount of heat from CHP 

mode operation, because if there is no demand for electricity it do not make sense to operate the 

plants, and not in CHP mode either. The increasing sector integration and introduction of new flexible 

demands will reduce the CHP heat production and therefore increase the need for other heat sources 

to cover the demand. This is of cause highly relevant for heat pumps to cover, because they can 

support further integration of renewable electricity, but also because they are a more efficient 

alternative than boilers, which in many cases would be the direct alternative if the CHP would operate 

fewer hours. 

In the transition towards renewable energy supply it might be worthwhile considering the location of 

the potential excess heat facilities. It applies in general for all potential excess heat sources, that if 

possible they should be located near or in a DH system, and ideally close to a distribution pipeline or 
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intended/planned location of a DH pipeline. In the planning of the future heat supply in a local area, 

it might be relevant to make a strategy for how to deal with possible entities owning some excess 

heat. For example, in a new urban development area it could be considered to locate the waste water 

treatment and DH infrastructure near each other. Alternatively, a company wanting to deploy a data 

center in a certain city could be incentivized to locate it near the DH infrastructure. These options 

require further consideration through analysis both at local level and towards the regulatory, market, 

and business models surrounding unconventional urban excess heat utilization.  
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6 Appendix 

6.1 Germany 

6.1.1 2015 Scenario 

 

Figure 24: Annual district heating production mix for Germany 2015 in the Reference scenario (left) and in the Heat source 
scenario (right). 

 

Figure 25: Monthly district heating production mix for Germany 2015 in the Reference scenario (left) and in the Heat source 
scenario (right). 
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Figure 26: Example of hourly district heating production mix for Germany 2015 for a week in February in the Reference scenario 
(top) and in the Heat source scenario (bottom). 

 

Table 11: Key indicators of the energy systems in Germany 2015 for the Reference scenario and the Heat source scenario. 

 Unit Reference 
scenario 

Heat source 
scenario 

Change 

Primary energy supply TWh/y 3,374 3,371 -3 

Energy system costs M€/y 200,030 200,041 11 

Excess electricity production TWh/y 0.0 0.0 0.0 

Peak power consumption GW-e 63.5 64.3 0.8 

Surplus district heat production TWh/y 0.0 0.0 0.0 

     

Total heat pump capacity GW-th  2.9  

Heat pump capacity factor   32%  

SCOP   3.7  

Utilized accessible excess heat TWh  8.2  

Data Centers   40% / 3.2  

Waste water treatment   49% / 4.0  

Metro ventilation   1% / 0.2  

Service sector cooling   10% / 0.8  
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6.1.2 2050 Scenario 

 

Figure 27: Annual district heating production mix for Germany 2050 in the Reference scenario (left) and in the Heat source 
scenario (right). 

 

 

Figure 28: Monthly district heating production mix for Germany 2050 in the Reference scenario (left) and in the Heat source 
scenario (right). 
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Figure 29: Example of hourly district heating production mix for Germany 2050 for a week in February in the Reference scenario 
(top) and in the Heat source scenario (bottom). 

 

Table 12: Key indicators of the energy systems in Germany 2050 for the Reference scenario and the Heat source scenario. 

 Unit Reference 
scenario 

Heat source 
scenario 

Change 

Primary energy supply TWh 2,539 2,510 -29 

Energy system costs M€ 215,287 214,712 -575 

Excess electricity production TWh 77.0 75.3 -1.7 

Peak power consumption GW-e 234.9 235.7 0.8 

Surplus district heat production TWh 9.2 9.2 0.0 

     

Total heat pump capacity GW-th  13.5  

Heat pump capacity factor   29%  

SCOP   5.4  

Utilized accessible excess heat TWh  34.7  

Data Centers   40% / 13.7  

Waste water treatment   49% / 17.0  

Metro ventilation   1% / 0.5  

Service sector cooling   10% / 3.4  
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6.2 Spain 

6.2.1 2015 Scenario 

 

Figure 30: Annual district heating production mix for Spain 2015 in the Reference scenario (left) and in the Heat source scenario 
(right). 

 

Figure 31: Monthly district heating production mix for Spain 2015 in the Reference scenario (left) and in the Heat source 
scenario (right). 
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Figure 32: Example of hourly district heating production mix for Spain 2015 for a week in February in the Reference scenario 
(top) and in the Heat source scenario (bottom). 

 

Table 13: Key indicators of the energy systems in Spain 2015 for the Reference scenario and the Heat source scenario. 

 Unit Reference 
scenario 

Heat source 
scenario 

Change 

Primary energy supply TWh 1,320 1,319 -2 

Energy system costs M€ 73,453 73,438 -15 

Excess electricity production TWh 0.0 0.0 0.0 

Peak power consumption GW-e 26.9 27.2 0.4 

Surplus district heat production TWh 0.0 0.0 0.0 

     

Total heat pump capacity GW-th  1.3  

Heat pump capacity factor   33%  

SCOP   3.7  

Utilized accessible excess heat TWh  3.7  

Data Centers   25% / 0.9  

Waste water treatment   29% / 1.1  

Metro ventilation   2% / 0.0  

Service sector cooling   44% / 1.6  
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6.2.2 2050 Scenario 

 

Figure 33: Annual district heating production mix for Spain 2050 in the Reference scenario (left) and in the Heat source scenario 
(right). 

 

 

Figure 34: Monthly district heating production mix for Spain 2050 in the Reference scenario (left) and in the Heat source 
scenario (right). 
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Figure 35: Example of hourly district heating production mix for Spain 2050 for a week in February in the Reference scenario 
(top) and in the Heat source scenario (bottom). 

 

Table 14: Key indicators of the energy systems in Spain 2050 for the Reference scenario and the Heat source scenario. 

 Unit Reference 
scenario 

Heat source 
scenario 

Change 

Primary energy supply TWh 1,426 1,416 -10 

Energy system costs M€ 114,863 114,801 -62 

Excess electricity production TWh 34.5 34.3 -0.2 

Peak power consumption GW-e 132.3 133.4 1.2 

Surplus district heat production TWh 0.0 0.2 0.2 

     

Total heat pump capacity GW-th  6.4  

Heat pump capacity factor   24%  

SCOP   5.3  

Utilized accessible excess heat TWh  13.5  

Data Centers   25% / 3.4  

Waste water treatment   29% / 3.9  

Metro ventilation   2% / 0.2  

Service sector cooling   44% / 5.9  
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6.3 France 

6.3.1 2015 Scenario 

 

Figure 36: Annual district heating production mix for France 2015 in the Reference scenario (left) and in the Heat source 
scenario (right). 

 

Figure 37: Monthly district heating production mix for France 2015 in the Reference scenario (left) and in the Heat source 
scenario (right). 
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Figure 38: Example of hourly district heating production mix for France 2015 for a week in February in the Reference scenario 
(top) and in the Heat source scenario (bottom). 

 

Table 15: Key indicators of the energy systems in France 2015 for the Reference scenario and the Heat source scenario. 

 Unit Reference 
scenario 

Heat source 
scenario 

Change 

Primary energy supply TWh 2,820 2,813 -7 

Energy system costs M€ 143,332 143,166 -166 

Excess electricity production TWh 28.3 27.0 -1.3 

Peak power consumption GW-e 28.7 29.4 0.7 

Surplus district heat production TWh 0.0 0.1 0.1 

     

Total heat pump capacity GW-th  3.1  

Heat pump capacity factor   33%  

SCOP   3.8  

Utilized accessible excess heat TWh  9.2  

Data Centers   37% / 3.4  

Waste water treatment   31% / 2.9  

Metro ventilation   2% / 0.1  

Service sector cooling   30% / 2.7  
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6.3.2 2050 Scenario 

 

Figure 39: Annual district heating production mix for France 2050 in the Reference scenario (left) and in the Heat source 
scenario (right). 

 

 

Figure 40: Monthly district heating production mix for France 2050 in the Reference scenario (left) and in the Heat source 
scenario (right). 
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Figure 41: Example of hourly district heating production mix for France 2050 for a week in February in the Reference scenario 
(top) and in the Heat source scenario (bottom). 

 

Table 16: Key indicators of the energy systems in France 2050 for the Reference scenario and the Heat source scenario. 

 Unit Reference 
scenario 

Heat source 
scenario 

Change 

Primary energy supply TWh 2,297 2,290 -7 

Energy system costs M€ 175,507 175,447 -60 

Excess electricity production TWh 55.7 55.3 -0.4 

Peak power consumption GW-e 205.3 206.0 0.7 

Surplus district heat production TWh 2.6 2.5 -0.1 

     

Total heat pump capacity GW-th  3.9  

Heat pump capacity factor   25%  

SCOP   5.3  

Utilized accessible excess heat TWh  8.6  

Data Centers   37% / 3.2  

Waste water treatment   31% / 2.7  

Metro ventilation   2% / 0.1  

Service sector cooling   30% / 2.6  
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6.4 Romania 

6.4.1 2015 Scenario 

 

Figure 42: Annual district heating production mix for Romania 2015 in the Reference scenario (left) and in the Heat source 
scenario (right). 

 

Figure 43: Monthly district heating production mix for Romania 2015 in the Reference scenario (left) and in the Heat source 
scenario (right). 
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Figure 44: Example of hourly district heating production mix for Romania 2015 for a week in February in the Reference scenario 
(top) and in the Heat source scenario (bottom). 

 

Table 17: Key indicators of the energy systems in Romania 2015 for the Reference scenario and the Heat source scenario. 

 Unit Reference 
scenario 

Heat source 
scenario 

Change 

Primary energy supply TWh 337 336 -1 

Energy system costs M€ 14,852 14,834 -18 

Excess electricity production TWh 0.0 0.0 0.0 

Peak power consumption GW-e 4.6 4.7 0.1 

Surplus district heat production TWh 0.0 0.0 0.0 

     

Total heat pump capacity GW-th  0.6  

Heat pump capacity factor   32%  

SCOP   3.7  

Utilized accessible excess heat TWh  1.8  

Data Centers   27% / 0.4  

Waste water treatment   44% / 0.7  

Metro ventilation   2% / 0.0  

Service sector cooling   27% / 0.4  
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6.4.2 2050 Scenario 

 

Figure 45: Annual district heating production mix for Romania 2050 in the Reference scenario (left) and in the Heat source 
scenario (right). 

 

 

Figure 46: Monthly district heating production mix for Romania 2050 in the Reference scenario (left) and in the Heat source 
scenario (right). 
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Figure 47: Example of hourly district heating production mix for Romania 2050 for a week in February in the Reference scenario 
(top) and in the Heat source scenario (bottom). 

 

Table 18: Key indicators of the energy systems in Romania 2050 for the Reference scenario and the Heat source scenario. 

 Unit Reference 
scenario 

Heat source 
scenario 

Change 

Primary energy supply TWh 373 371 -2 

Energy system costs M€ 23,409 23,376 -33 

Excess electricity production TWh 7.7 7.7 0.0 

Peak power consumption GW-e 23.9 23.9 0.0 

Surplus district heat production TWh 0.0 0.0 0.0 

     

Total heat pump capacity GW-th  1.0  

Heat pump capacity factor   25%  

SCOP   5.4  

Utilized accessible excess heat TWh  2.3  

Data Centers   27% / 0.6  

Waste water treatment   44% / 1.0  

Metro ventilation   2% / 0.0  

Service sector cooling   27% / 0.6  
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