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Abstract 14 
The ambitious policy in Denmark on having a 100% renewable energy supply in 2050 requires radical changes 15 
to the energy systems to avoid an extensive and unsustainable use of biomass resources. Currently, wind 16 
power is being expanded and the increasing supply of electricity is slowly pushing the CHP (combined heat and 17 
power) plants out of operation, reducing the energy efficiency of the DH (district heating) supply. Here, large 18 
heat pumps for district heating is a frequently mentioned solution as a flexible demand for electricity and an 19 
energy efficient heat producer. The idea is to make heat pump use a low temperature waste or ambient heat 20 
source, but it has so far been very unclear which heat sources are actually available for this purpose.  21 

In this study eight categories of heat sources are analysed for the case of Denmark and included in a detailed 22 
spatial analysis where the identified heat sources are put in relation to the district heating areas and the 23 
corresponding demands. The analysis shows that potential heat sources are present near almost all district 24 
heating areas and that sea water most likely will have to play a substantial role as a heat source in future 25 
energy systems in Denmark. 26 
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1. Introduction 29 
Large-scale introduction of renewable energy (RE) sources for electricity production, such as wind or solar 30 
power, increases fluctuation in the supply and reduces the general price level of electricity because of the low 31 
marginal production costs of these producers [1]. In Denmark, the development of the electricity prices means 32 
that combined heat and power (CHP) plants has fewer operating hours than earlier. In Figure 1 it can be seen 33 
how wind power is increasing and the production from small-scale CHP is decreasing to about one third in ten 34 
years. The production on large-scale CHP units is relatively constant even though its production capacity is 35 
decreasing in the same period [2]. 36 

  37 
Figure 1: Electricity production by type of producer. From the Danish annual energy statistics 2013 [2]. 38 

The decreasing electricity production from CHP units also gives a lower heat production for the district heating 39 
(DH) supply and this deficit in heat production needs to be produced from other sources [3]. In the short term, 40 
fuel boiler units increase their production, which is an inefficient use of energy resources. In the longer term, 41 
other sources, such as solar thermal, geothermal and heat pumps, are predicted to play a larger role in the DH 42 
supply, and these have been increasing over the last years [4].  43 

1.1 Heat Pumps as a Solution 44 
Large-scale compression heat pumps in particular have several benefits for DH production in the future; they 45 
can consume electricity when the wind and solar production is high and they produce heat, which can replace 46 
the production by fuel boilers. Heat pumps as integrated production units in DH systems can provide a stable 47 
and efficient heat supply [5], but it is dependent on a heat source. Compression heat pumps contain a 48 
refrigeration cycle that enables cooling of a low-temperature heat source to deliver heating at a higher 49 
temperature level using electricity in a compressor to drive the system. The temperature, flow, volume and 50 
other parameters of the heat source will determine the possible efficiency. The required supply temperature 51 
from the heat pump will depend on the temperature level of the DH network to where the heat pump will be 52 
supplying. The higher supply temperature needed from the heat pump, the lower efficiency. Therefore, 53 
reducing the temperature levels of DH networks will increase the efficiency of using low-temperature heat 54 
sources via heat pumps. 4th generation district heating (4DH) is a concept that highlights the need to reduce the 55 
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temperature levels of DH networks to adapt them to future energy systems with high shares of RE where large-56 
scale heat pumps play an important role [6]. 57 

1.2 Heat Pumps in National Scenario Analyses 58 
Heat pumps are often included as part of future energy scenario analyses for Denmark, because of their ability 59 
in integrate wind power, for example in [7] where a 100% renewable energy scenario for Denmark is presented 60 
or in [8] where three different scenario for the future energy supply in Denmark is compared. In recent 61 
scenario analysis from the Danish Energy Agency (DEA) [9] heat pumps also play a central role. These scenarios 62 
suggest different levels of heat pump integration, but in general higher shares of wind power correlates with 63 
higher integration of heat pumps. None of these studies have considered which heat sources to use or if there 64 
are heat sources available to cover the assumed capacities and production or where these are located 65 
compared to the heating demands. 66 

1.3 Studies of Heat Sources for Heat Pumps 67 
A literature review shows that a large number of studies analyse the use of heat pumps in concrete cases to 68 
utilise waste heat or low-temperature heat sources in connection with DH supply.  69 

In [10] it is suggested to use a combination of different waste heat sources (sewage water, surface water, 70 
ground water and others) for DH supply using distributed heat pumps, and concludes that this will increase the 71 
system efficiency significantly. A study on utilisation of low-temperature industrial excess heat [11], compares 72 
application of different types of heat pumps for the purpose and concludes that the different types of heat 73 
pumps are feasible for different applications. In [12] it is suggested to utilise the already existing waterborne 74 
urban infrastructure, such as sewage and drinking water, to recycle heat in the urban areas. A study has 75 
evaluated the operation of an existing DH system in Beijing, where a combination of ground water and sewage 76 
water as heat sources for heat pumps are applied, and suggested improvements of the system [13].  77 

A case study has analysed the use of lake water in an open-loop as a heating and cooling source, analysing the 78 
coefficient of performance (COP) and the environmental impact on the lake eco-system, showing that it is 79 
generally a feasible application [14]. In a similar study, seawater is analysed as a potential heating and cooling 80 
source assessing the environmental and economic impacts of the application, concluding that the application is 81 
a feasible alternative [15].  82 

A number of studies have documented other potential heat sources, which may not currently be relevant in 83 
the Danish context, but will be in many other countries. Some examples of this are: [16] documents a large 84 
excess heat production from hydro power plants. In [17] it is described how thermal springs can be used as 85 
heat sources for heat pumps to provide comfort heating. And in [18] the potential in utilising the water in 86 
closed flooded coal mines are analysed and shown to be profitable and reducing CO2-emissions. 87 

These studies discussed here show examples of how different heat sources can be used for DH supply in 88 
specific cases where the particular heat sources have been identified, but no general resources mapping has 89 
been found for any of the heat sources, neither for Denmark nor from any other country. A few studies made 90 
by Danish consultancies have analysed the energy potential for certain heat sources relevant for heat pumps in 91 
Denmark. One is carried out by PlanEnergi with a focus on large scale thermal storage and heat pump 92 
technology for district heating [19]. Another one done by Viegand & Maagøe with a focus on how excess heat 93 
in the industry can be utilised more efficiently internally or through DH [20]. None of these cover geographical 94 
correlation between heat source and heat demand nor do they make a full resource assessment, but rather an 95 
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assessment of what is feasible from a business economic point of view on the short term. A thorough mapping 96 
and assessment of the heat from large-scale facilities has been made in connection with the Heat Roadmap 97 
Europe study [21], but this does not cover other low-temperature or ambient heat sources.  98 

To provide the missing link between the national scenario analysis scale and political ambitions related to heat 99 
pumps and the possibilities with different heat sources, this study analyses the geographical relation between 100 
the potential heat sources and the demands in the DH networks. This will provide the basis for more qualified 101 
system analysis and potential integration of heat pumps in Denmark. The mapping is specific for Denmark, but 102 
the methods for the mapping can be used for any country or region. The method can also be used for 103 
assessment for sources for district cooling, but in this case it will be necessary to consider other sources than 104 
included in this study. 105 

2. Materials and Methods 106 
This study is an analysis of the availability of heat sources for heat pumps for application in the DH supply. It 107 
includes location of the heat sources relative to the DH networks and rough estimates of the potential energy 108 
production from the heat sources. Economic considerations on feasibility of the potential heat pump systems 109 
or specific technical or environmental limitations are not included here. A concrete project will always have to 110 
rely on a specific assessment of the local conditions.  111 

This section presents the methods, which consists of two main parts; mapping and data collection. 112 

2.1 Mapping methods 113 
The idea of mapping is to find heat sources that are located near DH demand. Heat sources that are far from 114 
DH demand may in some cases be relevant to include, but in this study only the heat sources within a radius of 115 
500 meters from an existing DH network are counted as potential heat sources. In Figure 2, the principle is 116 
illustrated for an area around two DH networks. The mapped heat sources include point sources such as 117 
supermarkets, line sources, here only rivers, and polygon heat sources such as lakes. It can be seen that DH 118 
Network 1 has a number of point sources and line sources within the radius of 500 meters from the DH 119 
network. DH Network 2 has only point sources and none of the DH networks intersect with the polygon heat 120 
source, which is therefore not seen as a potential heat source in this study. 121 
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 122 

Figure 2: Illustration of the mapping method. All heat sources that are within or intersect the dotted 500m distance line are counted as 123 
potential heat sources. 124 

The results are shown in a map where the potential heat source volumes are summarised for each 125 
municipality. In the Greater Copenhagen area, the municipalities have highly integrated DH systems and 126 
therefore the following municipalities, according to [22], are merged to one geographical unit: Copenhagen, 127 
Frederiksberg, Tårnby, Gentofte, Gladsaxe, Herlev, Ballerup, Rødovre, Glostrup, Albertslund, Hvidovre, 128 
Brøndby, Vallensbæk, Høje Tåstrup, Ishøj, Greve, Solrød, Roskilde and Køge [23]. 129 

For the mapping, the software tool ArcMap 10.3 is used. 130 

2.1.1 Heat Atlas for Denmark 131 
For the DH networks and the corresponding DH demands, a heat atlas for Denmark is used. This geographic 132 
information systems (GIS) data set includes the geographical shapes of all the DH networks in Denmark. The DH 133 
networks are administrative spatial units defined by the municipalities in accordance with the Danish heat 134 
supply act. The DH demands are calculated on the basis of data from the Danish Building Register. The version 135 
of the heat atlas utilised in this analysis has in total 403 unique DH networks registered with a total DH demand 136 
of 32.1 TWh/a and a total area of 285.4 km2. The DH demand is here measured as the final demand, so 137 
network losses are not included. The detailed methodology of the heat atlas is documented in [24]. 138 

2.1.2 Limitations 139 
In this study the purpose is to find low-temperature or waste heat sources for heat pumps. Basically, all options 140 
concerning heat pump integration with other facilities having energy production as their purpose are excluded 141 
which can be listed as the following: 142 
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• CHP plants and waste incineration 143 
• Condensing power plants 144 
• Fuel boilers 145 
• Solar thermal 146 
• Geothermal 147 

The application of heat pumps as an integrated part of another energy facility is here seen as an efficiency 148 
measure of the energy plant rather than utilisation of waste heat sources, and this could be relevant without 149 
the heat pump. The heat sources included in this study would not be relevant for DH supply without a heat 150 
pump.  151 

2.2 Heat Sources 152 
In this section, each of the heat sources are described and the methods are presented of how they are 153 
analysed. The included heat sources are: 154 

1. Low-temperature industrial excess heat 155 
2. Supermarkets 156 
3. Waste water 157 
4. Drinking and usage water 158 
5. Ground water 159 
6. Rivers 160 
7. Lakes 161 
8. Sea water 162 

Geographical and quantitative data has been collected for all of these from different sources. This is 163 
documented for each of the heat sources by presenting the following in Table 3: 164 

• Main data sources 165 
• Cut off criteria 166 
• Number of records after cut off 167 
• Calculation parameters (for potential heat production) 168 

For all the sources, an assessment has been made on which records are relevant to include, so that very small 169 
plants are removed from the analysis, which is here referred to as a cut off criteria. After the table, an 170 
additional explanation is given where necessary and special focus is put on the method used for the low-171 
temperature industrial excess heat, where a new and novel methodology has been applied. 172 

Notice that temperature differences are given in K and absolute temperatures in oC. 173 

2.2.1 Low-temperature industrial excess heat 174 
Industrial excess heat for DH supply is a commonly used concept in Denmark, but utilisation of low-175 
temperature industrial excess heat using heat pumps is not yet, although there are some relatively new cases 176 
[25]. What is “low temperature” here depends on the temperature level in the DH network where the industry 177 
is located. If the excess heat temperature is higher than the temperature level in the DH network, it might be 178 
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possible to utilise it without a heat pump. Most DH networks in Denmark have temperature levels below 100oC 179 
[26] and therefore this is set as the upper temperature level for what is included in this study. 180 

2.2.1.1 Excess Heat Volumes from Large-Scale Facilities in Denmark 181 
In this paper, annual excess heat volumes available from large-scale industrial and energy sector activities in 182 
Denmark are assessed in coherence with the methodological framework and approach used in the Heat 183 
Roadmap Europe project [27–30], an approach detailed and fully accounted for in [21]. The explicit focus in this 184 
latter work concerned 16 selected European Union member states in the Expansion, New Development, and 185 
Refurbishment phases of DH employment on national heat markets; Danish conditions is not included in the 186 
final analysis and results presentation. In the context of the Heat Roadmap Europe assessments of excess heat 187 
activities, the main target is to establish volumetric availabilities, i.e. annual excess heat energy volumes 188 
potentially available for recovery, and to evaluate their spatial cohesion with heat demand centres, i.e. cities, 189 
towns, and large urban zones. By utilising public carbon dioxide emission data [31] and a reversed calculation 190 
sequence, involving e.g. standard carbon dioxide emission factors [32], international energy statistics [33], and 191 
default recovery efficiencies, assessments of primary energy supplies for fuel combustion activities in these 192 
sectors and, eventually, assumed annual excess heat volumes emanating from these are made plausible. 193 
However, since excess heat temperature levels is not part of these original studies – merely energy volumes – a 194 
critical source of information for the viable realization of excess heat resources is missing. In this work, which 195 
presents the maximum excess heat recovery potential for large-scale facilities in Denmark, according to the 196 
Heat Roadmap Europe assessments, an alternative and novel approach is introduced by which to associate 197 
corresponding temperature levels with these vast availabilities. 198 

Keeping in mind that the Heat Roadmap Europe assessment of Danish excess heat volumes refers to large-scale 199 
facilities only (thermal power generation activities > 50 MW), 55 facilities are found to host theoretical 200 
(maximum) annual excess heat recovery potential of 139 PJ, as shown in Table 1. Close to three quarters of the 201 
total anticipated annual excess heat volume originates from thermal power generation activities, clearly a 202 
dominant source relative to Waste-to-Energy (WTE) incineration of municipal and industrial solid wastes (17%), 203 
and industrial excess heat (9%).  204 

Table 1. Maximum annual excess heat potential from fuel combustion activities in Danish large-scale industrial and energy sector 205 
facilities, by DK NUTS3 regions and sectors: Thermal power (TP), Waste-to-Energy (WTE), and Industrial (Ind.) 206 

 
NUTS3 regions 

Facilities  
[n] 

TP  
[PJ/a] 

WTE  
[PJ/a] 

Ind.  
[PJ/a] 

Total  
[PJ/a] 

Share 
 [%] 

Bornholm 1 - 0.1 - 0.1 0.1 
Copenhagen 4 11.6 2.8 - 14.4 10.4 
Funen 3 11.6 1.8 - 13.4 9.7 
Copenhagen suburbs 3 9.5 3.6 - 13.0 9.4 
Northern Jutland 9 15.7 3.1 4.7 23.5 16.9 
Northern Zealand 3 1.6 0.9 - 2.4 1.8 
Eastern Jutland 9 16.5 2.8 0.2 19.5 14.1 
Eastern Zealand 1 - 1.6 - 1.6 1.1 
Southern Jutland 9 23.7 3.0 2.9 29.6 21.4 
Western and Southern  
Zealand 

9 12.1 1.9 4.2 18.3 13.2 

Western Zealand 4 0.8 1.5 0.4 2.8 2.0 
Total 55 103.2 23.2 12.4 138.8 100.0 
Share [%]  74.4 16.7 8.9 100.0  

 207 
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As this analysis covers only large-scale facilities, the actual potential is probably higher since small-scale 208 
facilities are not included which may as well have excess heat, although not quantified here. The 12.4 PJ (3.4 209 
TWh) can therefore be seen as a conservative estimate of the total potential excess heat from industrial 210 
processes. 211 

2.2.1.2 Excess Heat Temperature Levels 212 
A novel approach to associating temperature levels with any given or potential excess heat resource, by use of 213 
a list of “type processes”, is developed on the basis of Swedish experience reported in [34], and a combination 214 
of complementary sources with respect to temperature levels for each type process [35–41]. Hereby all current 215 
Danish economic activities, by European Nomenclature of Economic Activity (NACE) class codes (level 4), 216 
registered in the European Pollutant Release and Transfer Register (E-PRTR), are allocated one or several type 217 
processes and corresponding temperature levels. As can be seen in Table 2, this approach has rendered a 218 
matrix of 2701 unique potential Danish excess heat resources.  219 

Table 2: Number of records for different industrial type processes divided according to excess heat temperature level. 220 

Type processes  (oC) 0 - 50 51 - 100 101 - 200 201 - 400 401 - 800 801 - 1200 1201 - 1600 Excl. Total 
Chemical reactions 

 
10 

      
10 

Cold keeping 
 

30 
      

30 
Drying 

 
10 2 

     
12 

Evaporation/Condensation 189 
 

17 7 
    

213 
Flue gas cooling 6 74 181 92 215 108 

  
676 

Freezing/Cooling 
 

35 
      

35 
Furnace/Oven cooling 2 65 

 
1 28 31 5 

 
132 

Process cooling 229 272 4 
     

505 
Product cooling 

 
36 39 30 

    
105 

Sewage/Ambient water 51 
       

51 
Sewage/Amb. water/Process cooling 51 

       
51 

Waste steam 
 

164 
      

164 
No excess heat activities anticipated 

       
589 589 

Uncertain of existing excess heat 
       

128 128 
Grand Total 528 696 243 130 243 139 5 717 2701 

 221 

Table 2 shows that about half of the identified processes with expected excess heat are between 0 and 100oC , 222 
which is here considered “low temperature”. Based on this data set, the mapping is done and the cut off 223 
criteria applied. CHP, TP, and waste incineration plants are removed because of the scope of the study, and 224 
waste water treatment facilities are removed since these are covered in section 2.2.3. This leaves 178 unique 225 
industrial facilities with low-temperature excess heat potential. 226 

2.2.2 Supermarkets 227 
Supermarkets are included as a heat source in this study because of their need for cooling of goods, which 228 
generates excess heat. The special benefit of this is that the heat pump is already in place and if adjusted 229 
correctly, it can supply DH as well as cooling for the refrigeration [42]. These can potentially be very cost 230 
efficient to include for DH producers as the main investment of the heat pump is already made in the cooling 231 
system in the supermarket. 232 

The background data set for this heat source category has been disclosed to the authors of this paper by the 233 
authors of another study who did thorough data collection and treatment on this particular issue. This 234 
comprises an extract of the Central Business Register (CVR register in Danish) which is sorted to isolate the 235 



 

9 
 

supermarkets. These are grouped into typical sizes and associated with average heat production potential. The 236 
method is described in detail in [43]. 237 

2.2.3 Waste water 238 
Cleaning of sewage and waste water is an activity that produces a relatively constant water flow throughout 239 
the year, with a higher temperature than the ambient environment, and there are approximately 1,400 240 
facilities in Denmark [19][44]. The temperature of the discharged water varies from summer to winter but 241 
generally does not go below 9oC in the winter [19][44]. It is assumed that water cooling will be possible all year 242 
round and the energy potential is calculated based on this assumption. 243 

The data on which the analysis is based consists of registrations of amounts of discharged water from all of the 244 
registered waste water treatment plants in Denmark made by the Danish Nature Agency and the data has been 245 
disclosed to the authors of this paper for the period 2011-2013. 246 

2.2.4 Drinking and usage water 247 
Drinking and usage water is included even though it is still unknown how and in which cases it can work as a 248 
heat source. The reason is that if drinking water is cooled before distribution and then needs reheating for its 249 
specific purpose, e.g. showering or dishwashing, the benefit is reduced [44]. According to [44], an ongoing 250 
assessment is currently quantifying this problem. However, even though the quantity is uncertain, it will have 251 
some potential as not all water consumption needs to be heated. The temperature of ground water, which is 252 
used for drinking and usage water, is 8-9oC throughout the year [44]. 253 

For the mapping of drinking and usage water, the Jupiter database has been used. This documents all kinds of 254 
drilling and boreholes in Denmark, including those for water catchment facilities. Here the coordinates for the 255 
plants and the annual permitted water catchment amount is utilised [45]. It has not been possible to find 256 
measurements on water catchment in combination with the water catchment location, so it has been assumed 257 
that 80% of the permitted catchment amount is utilised. 258 

2.2.5 Ground water 259 
In technical terms ground water as a heat source is identical to drinking and usage water. The main difference 260 
is the presence of the infrastructure and certainty of water resource availability. This will assumingly make the 261 
costs and risks, related to the investment and operation, of utilising ground water higher than drinking water 262 
[44]. After the ground water has been cooled down in the heat pump, it can either be let out into surrounding 263 
surface water, let out underground to seep down through the ground towards the ground water reservoirs or 264 
directly reinjected into the reservoir. The solution will depend on the local environment and restrictions in the 265 
ground water reservoir [46].  266 

The data set consists of all the registered ground water reservoirs in Denmark, of which some are used for 267 
drinking water and others do not have the sufficient water quality for this purpose. Here, all the identified 268 
reservoirs are included because a water quality too low for drinking purposes does not exclude it from being 269 
used as a heat source [45][47].  270 

The DH plant in Gammel Rye in Denmark has a heat pump system installed using ground water as its heat 271 
source. The total thermal output of this heat pump system is 2 MW with an average coefficient of performance 272 
(COP) of 3.5, which means that it consumes 0.57 MW electricity and 1.43 MW heat from its heat source to 273 
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produce the output [48]. The value from this real case is used in the calculation of the total potential for the 274 
country. It is assumed that all DH networks located within an area with ground water available according to the 275 
above mentioned, can have at least one heat pump system with the same capacity as the one in Gammel Rye. 276 
In DH networks with larger areas than 1 km2, which applies to 51 out of the 403 networks, it is assumed that 277 
one facility like the mentioned case can be installed per km2. 278 

2.2.6 Rivers 279 
Denmark does not have large rivers, but even the ones that exist can contribute as heat sources. The main 280 
barrier is the temperature level, which is lower in the heating season, as well as legislative regulations 281 
prohibiting cooling the water to less than 2oC and setting a maximum temperature difference from inlet to 282 
outlet of 5K [44]. This means that the heat pump should be supplemented by other heat sources and maybe a 283 
seasonal thermal storage. 284 

The geographical data on the rivers is from the online available background data for water plans. Here only the 285 
largest category of rivers (category 3) is included. The flow in the rivers is from [49] where the 10 largest rivers 286 
are listed. For the smaller rivers, the average flow is assumed to be 5m3/s. 287 

2.2.7 Lakes 288 
For the lakes, the same temperature limitations exist as for the rivers described in section 2.2.6. As is the case 289 
for the rivers, an increased risk of icing on the water is present in the cold months on the lakes because of the 290 
lack of flow [44]. 291 

To calculate the potential heat production of a lake, it is assumed that the total water volume of the lake can 292 
be cooled 2K once every year on average. The volume of the lake is here defined as the geographical area of 293 
the lake multiplied by a depth of 2m. This is seen as a conservative estimate, but it should be noted that it may 294 
not be possible to utilise this energy potential much in the winter since the water cannot be cooled below 2oC.  295 

2.2.8 Seawater 296 
Seawater is almost without capacity limits for the DH networks located on the coast, compared to the heat 297 
demands for DH. The most important limitation to this heat source is the temperature level as for lakes and 298 
rivers, but in contrast, however, it might be an option to cool the sea water below 2oC, using the phase change 299 
energy and letting out an ice-slurry like has been the case in the Augustenborg DH system in Denmark [50]. 300 

Potential energy production by use of sea water as a heat source has not been calculated here, but as for the 301 
other heat sources it is registered which DH networks are near the coastline. To determine this, the 302 
geographical dataset “Denmark’s Administrative Geographical Division” is used, which describes the 303 
geographical location of the coastlines, municipalities and others [23].304 
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Table 3 Summary of data sources, cut-off criteria, records after cut-off and calculation parameters for the selected heat sources. 

 

 Low 
temperature 
industrial 
excess heat 

Supermarkets Waste water Drinking and 
usage water 

Ground water Lakes Rivers Sea water 

Main data 
sources 

Described in 
Section 2.2.1 

Overskudsvarme 
i 
dagligvarebutikk
er (Excess heat in 
supermarkets) 
[43] 

Data set on 
measured 
discharge of 
water from 
waste water 
facilities [51] 

The Jupiter 
Database on 
boreholes and 
geological 
measurements 
[45] 

The online 
available 
background data 
for the GEUS 
project called 
“Limitations of 
ground water 
availability in 
Denmark” [47] 

Background 
data from 
municipal 
water plans 
[52] 

Background 
data from 
municipal 
water plans 
[52] 
Report about 
water flow in 
Danish rivers 
[49] 

Denmark’s 
Administrative 
Geographical 
Division [23] 

Cut-off criteria 1) Above 100oC 
2) CHP, waste 
incineration 
and thermal 
power plants 
3) Waste water 
cleaning 
facilities 

The smallest 
identified 
category of 
supermarkets 
removed 

Below 1 
GWh/year 

1) Below 1 
GWh/year 
2) Registered 
as “inactive” 
3) Water type 
other than 
ground water 
4) Catchment 
purpose other 
than “water 
supply plant” 
or “not 
reported” 

- Less than 
1km2 

Type 1 and 2 
rivers as 
defined in 
[53] 

- 

Records after 
cut-off 

178 2,272 372 393 2,771 87 40 (river 
segments) 

1 

Calculation 
parameters 

- See full 
calculation 
method in [43] 

Cooling of 
source: 6K. 
Suggested in 
[19] 

1) Cooling of 
source: 5K 
2) Utilised 
share of water 
catchment 
permit: 80% 

1) Production 
potential: 
1.43MW/facility 
2) For DH 
network>1km2: 
1.43MW/km2 

1) Cooling of 
source: 2K 
2) Lake 
depth: 2m 
 

1) Cooling of 
source: 2K 
2) River flow 
utilization: 
10% 

- 
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3 Results 305 
The main results of the analysis are presented in Table 4 for both the geographical availability and the potential 306 
heat volumes. The results are explained further in the following sections. 307 

Table 4: Summary of analysis results for availability and potential heat volumes of the different heat sources. *This indicates a value 308 
calculated in [21] for large-scale industry. 309 

Heat source Geographical availability of heat source (%) Potential heat volumes 
(TWh)  To number of DH networks To total heat demand 

Low-temperature 
industrial excess heat 17.1 64.6 3.4* 

Supermarkets 61.5 95.8 0.4 
Waste water treatment 34.5 68.0 2.9 
Drinking water 31.0 78.8 0.8 
Ground water 98.8 99.8 6.9 
River 8.4 30.7 3.2 
Lake 7.7 21.9 0.7 
Sea water 28.8 65.3 - 

 310 

3.1 Geographical Availability 311 
The results shown in the second and third columns under “Availability of heat sources” in Table 4 show a 312 
summary of the geographical availability of the different heat sources for the DH networks. The availability for 313 
the number of DH networks shows the percentage of DH areas in Denmark having access to the given heat 314 
source. The values under “To total heat demand” show how large a share of the total DH demand in Denmark 315 
is represented in the DH networks with access to the given heat source. It does not show how large a share of 316 
the DH demand can be covered by these heat sources. This question needs to be subject to another study in 317 
order to be answered. 318 

It can be seen in Table 4 that for all the heat sources the share in 'To number of DH networks' is lower than the 319 
share in 'To total heat demand'. The reason is that there are in general more heat sources located near cities 320 
and more heat sources are located close to larger cities than to smaller ones and since the larger cities also in 321 
general have larger demands, the availability to the total demand is bigger than to the number of networks. 322 

3.2 Potential Heat Volumes 323 
The fourth column of Table 4 shows the summary of the potential heat volumes of the heat sources accessible 324 
to the DH network. This does not include the heat sources outside the 500 m radius of the DH networks, and 325 
practical and case specific barriers for utilisation of the heat sources are not included either. This means that in 326 
reality some of this potential may not be feasible to utilise. 327 

The value for low-temperature industrial excess heat is taken from another study, as indicated in the table. This 328 
value covers large-scale facilities which are registered in the E-PRTR and therefore includes some excess heat 329 
from thermal heat and power production as well as high-temperature sources. On the other hand, small-scale 330 
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industries with excess heat are not included. Therefore, the potential cannot be compared to the other values, 331 
but it indicates the scale of potential heat volumes from this source. 332 

3.3 Regional Potential 333 
Figure 3 shows the results in a map. It can be seen how the identified heat sources relate to the DH demands 334 
for each municipality in Denmark. It reveals a geographical difference between the heat sources and DH 335 
demands where the municipalities with the bigger cities have lower amounts of heat sources compared to the 336 
DH demands. The municipalities of four out of the five biggest cities in Denmark (Copenhagen, Aarhus, Aalborg 337 
and Esbjerg) are in the lowest category, where Odense is in the second lowest category. The municipalities in 338 
the highest categories, on the other hand, are areas with relatively low population densities and no big cities. 339 
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 340 

Figure 3: Map of heat sources in Denmark relative to heat demand summarised per municipality. The blue circles indicate location of DH 341 
networks and the corresponding heat sources. Low-temperature industrial excess heat and seawater are not included. 342 



 

15 
 

4 Discussion 343 
The results show that there are potential heat sources relevant for heat pumps for DH in all parts of Denmark. 344 
It also shows that the potential energy volumes of these heat sources are not distributed proportionally to the 345 
DH demands. This means that some areas have better potential for utilising heat pumps for DH than others. 346 
This is discussed in the following in relation to two analyses of scenarios for 100% RE for Denmark. Lastly, some 347 
important uncertainties will be discussed. 348 

4.1 Potential and Distribution of Heat Sources 349 
Coherent Energy and Environmental System Analysis (CEESA) is a project carried out in cooperation between 350 
researchers from different universities in Denmark. The project aims at assessing different scenarios for how all 351 
energy demands in Denmark in 2050 can be supplied with 100% RE in a sustainable way. In the CEESA 2050 352 
Recommendable scenario, 34% of the DH demand is covered by supply from heat pumps [54] equivalent to 353 
13.6 TWh/a, with a majority on the central DH networks (in the bigger cities). In another study from the DEA 354 
analysing different paths for Denmark towards 100% RE in 2050, the supply from heat pumps ranges from 8-355 
33% in the different scenarios, equivalent to 2.3-8.8 TWh/a mainly depending on the consumption of biomass 356 
resources [9]. In contrast to the CEESA project, the DEA study is assuming a different development in DH 357 
demand and has a majority of heat pumps in decentralised DH networks.  358 

The heat volumes identified in this study sum up to 14.9 TWh/a, excluding low-temperature industrial excess 359 
heat and sea water, as seen in Table 4. This table also excludes the contribution from electricity reflected in the 360 
COP of the heat pump. This means that the total volume of heat potential is big enough for what is assumed in 361 
even the CEESA study with the highest demand for heat sources. As can be seen in Figure 3, the areas with the 362 
larger cities have lower shares of heat source potential relative to their demands compared to the areas 363 
outside the bigger cities. This means that in case the majority of heat pumps are located in the bigger cities, the 364 
pressure on the heat sources will be higher, and more ambient temperature heat sources, e.g. sea water, will 365 
probably be needed in this case. The opposite situation occurs if the heat pumps are mainly located in the 366 
decentralised DH networks in the smaller cities and thereby more proportional to the distribution of the 367 
identified heat sources. 368 

4.2 Uncertainties of Industrial Development and Local Barriers 369 
This study is based on a relatively large number of different data sources to characterise the potential of the 370 
different heat sources. This also entails some uncertainty since the different data sources are of different 371 
quality and level of detail, but an effort has been made to get sources of an acceptable level for each specific 372 
purpose. Two important specific areas of uncertainty are discussed here and the consequences assessed.  373 

The one is the uncertainty of how the industrial sector will develop. If many of the industries currently having 374 
excess heat relevant for DH close or move to other countries, this potential will be reduced, and vice versa if 375 
new industries start up. Energy efficiency measures can also influence the potential both positively, if internal 376 
savings create a bigger excess for DH, or negatively, if energy efficiency reduces the energy consumption and 377 
excess heat.  378 

The other important uncertainty is linked to how much of the potential heat sources cannot be realised, 379 
because of practical, environmental, technical, or other barriers relevant in each specific case. These are hard 380 
to predict, but will be revealed in a case specific screening for potential heat sources in a given area. One 381 
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barrier might also be the temporal distribution of the given heat source. For example, if a specific heat source 382 
is only available in the summer for a DH network with its demand already covered during this season, then it 383 
might only be relevant in a system with a seasonal thermal storage. 384 

Since some heat sources are more attractive than others, have higher temperatures, lower investment costs 385 
etc., the most feasible sources will presumably be realised first. This will in many cases be the excess heat from 386 
industry followed by some of the other sources. The ambient temperature heat sources are seen as the least 387 
feasible sources and are expected to be chosen as the last alternative, possibly to supplement other sources. 388 
This means that if there is more industrial excess heat available in a given DH network, the need to use ambient 389 
heat sources is reduced and vice versa. The same applies to the uncertainties related to the local barriers, so 390 
that less locally available heat sources increase the demand for ambient temperature sources. 391 

5 Conclusion 392 
It can be concluded that there are heat sources available everywhere in Denmark and 398 out of 403 DH 393 
networks, have access to one or more of these. Ground water as a heat source shows to have the highest both 394 
geographical availability and potential heat volume. The supermarkets are noteworthy with a relatively high 395 
geographical availability, but a low potential heat volume and rivers with a relatively low geographical 396 
availability, but a high potential heat volume. It can also be concluded that the heat sources available do not 397 
geographically match the DH demands. This is mainly the case for the bigger cities in Denmark, where the 398 
potential heat sources per heat demand are significantly lower than in the rest of the country.  399 

To be able to use the information provided in this study for national scale scenarios or similar, the annual and 400 
hourly availability should be studied more carefully. It is important to know the temporal details and 401 
availability of the heat sources to be able to analyse these in a full-scale energy systems perspective, where 402 
dynamics between different sources of energy and technological capacities are crucial. The costs of the 403 
different technologies necessary for the different applications of the heat pump should also be studied further. 404 
By including these elements, it will be possible to analyse and recommend, with a greater level of detail, which 405 
heat sources will be preferable and where. 406 

The concrete results of this study are only relevant in the Danish context. The tendency found in the analysis, 407 
that the heat sources connected to the cities are not alone enough to cover the heat demands in the cities, will 408 
apply for countries in similar climate zones and the method is applicable for any context. 409 
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