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Preface 
EnergyLab Nordhavn – New Urban Energy Infrastructures is a project that has been using 
Copenhagen’s Nordhavn district as a full-scale smart city energy lab, with the main purpose to do 
research, development and demonstration of possible energy solutions for the future with maximum 
use of renewable energy. The goal is to identify the most cost-effective smart energy system, which 
can contribute to solving the major climate challenges the world is facing.  
  
Budget: The project has a total budget of DKK 143 m (€ 19 m), of this DKK84 m (€ 11 m) funded in 
two rounds by the Danish Energy Technology Development and Demonstration Programme (EUDP). 

 
Forord 
EnergyLab Nordhavn – New Urban Energy Infrastructures er et projekt, der foregår i den 
Københavnske bydel, Nordhavn, der fungerer som et fuldskala storbylaboratorium, hvor der skal 
undersøges, udvikles og demonstreres mulige løsninger til fremtidens energisystem med et 
maksimalt brug af energi fra vedvarende kilder. Målet er at finde fremtidens mest 
omkostningseffektive energisystem, der samtidigt kan bidrage til en løsning på de store 
klimaudfordringer, verden står overfor nu og i fremtiden.   
 
Budget: Projektets totale budget er DKK 143 mio. (EUR 19 mio.), hvoraf DKK 84 mio. (EUR 11 mio.) er 
blevet finansieret af Energiteknologisk Udviklings- og Demonstrationsprogram, EUDP.     
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Executive Summary 
 

A city development project like Nordhavn is characterized by a holistic and robust vision combined 
with a planning process with a lot of uncertainty and flexibility towards the end of the project in 
2050.  
 
HOFOR and the EnergyLab Nordhavn project has looked into possible solutions for supplying 
Nordhavn with heating taking all of the known uncertainties into consideration and have looked at 
the time line of the development phases of the Master Plan for Nordhavn and analyzed on various 
solutions for supplying Nordhavn with heating both from small/de-central and large scale 
solutions either being in combination with the large central network or as island solutions for 
smaller areas or communities in the time period from now and towards 2050. 
 
The findings from the analysis of heat supply to Levantkaj East in 2030 concludes that central 
collective district heating supply is the most favorable solution when considering the 
environmental- as well as project and socio-economic aspects.  
 
The future development of the heat supply to the remaining part of Nordhavn depends on the city 
development plans, timing and heat demand/density locally in specific areas of Nordhavn. 
 
Based on the plans for a new “cultural house” in the outer Nordhavn, DTU MEK and HOFOR have 
also analyzed various heat pump solutions for a green heat supply to this new building as well as 
the nearby situated buildings at Fisketorvet in Nordhavn. This area is outside of the collective 
district heating system and currently supplied in a small island district heating network.   
 
The conclusion of this case study is that it is economically and environmentally justifiable to 
replace the existing oil boiler in the island network supplying heat to Fisketorvet and the new 
“cultural house” with a ground water-based heat pump coupled with an electric boiler and a short 
term heat storage in 2023.  
 
The island network is then later expected to be coupled to the central collective DH network 
already laid out in the area around Århusgadekvarteret, and Levantkaj East, as the heat 
demand/density in the area increases.  
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1. Introduction & background 
By 2050 Nordhavn will become the home for appx. 40.000 people and the same amount of 
workplaces, combined with Denmark’s largest container terminal and one of Scandinavia’s largest 
cruise terminals. The development will take place over a number of years (presently until 2050) 
and thus the planning of the heat supply is characterized by considerable uncertainty as both the 
number of buildings and intended use is unknown at the present. The district heating supply as we 
know it today is also expected to undergo significant changes such as lowered operative 
temperatures (task 5.4), increased flexibility with energy storages (task 5.3) and more 
decentralized supply solutions in combination with individual supply (task 5.5) as a result of 
developments in technology and legislations.  
 
Furthermore, heat consumers’ role in the future energy system is assumed to go from passive, to 
active - either in the form of prosumers (e.g. exploitation of surplus heat from process industry or 
supermarkets as in task 10.2) or as flexumers (flexible heating of the building, see task 5.2). The 
total heat consumption will most likely be reduced, due to high focus on performance of the 
heating systems in individual buildings (task 5.1). 
 
The purpose of this deliverable is thus to develop and analyze probable heat supply scenarios for 
Nordhavn and other urban areas in Denmark from today and towards 2050. The analysis aims to 
uncover the least expensive and most environmentally friendly, supply solution, and will act as an 
input to the overall urban development plan for the area. 
 
1.1 Concept and area of analysis 
The analysis is based on the upcoming development stages of the urban area in Nordhavn, but the 
results of the analysis is expected to be relevant for other urban development areas as well. The 
area marked in red on the map in figure 1 below shows the first developmental phase in the area 
around Århusgadekvarteret, already laid out for central collective district heating (DH). Levantkaj 
East (indicated in green, cf. map in figure 1) constitutes the second phase, and Outer Nordhavn 
(indicated in blue) constitutes the third and final developmental phase in Nordhavn. 
 
Levantkaj East is expected to be expanded until 2035. Initially, the starting point for the near 
future is to calculate the cost of various heat supply solutions for a single year. The year 2030 has 
been chosen as a representative year for the DH system in the medium term.  
 
The final developmental phase is expected to expand until 2050. However, a few buildings already 
exist in the area called Fisketorvet (north of Levantkaj) and a new culture house is being planned 
for 2023 in the same area. As the area is at a considerable distance from the existing DH network, 
it is currently supplied with heat from an oil-fueled boiler.  The potential for replacing the oil-
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boiler with a more economical- and environmentally friendly decentral heat supply solution for 
the transitional period until 2050 when urban area is fully developed, have been investigated in a 
specific case study. Due to the geographical proximity between the two areas, it is appropriate to 
include the aforementioned analysis in this report. The report Case study for heat pump (HP) 
solution to an area in outer Nordhavn can be found in Appendix 3.  
 

 
Figure 1 Map over Nordhavn 

1.2 Terminology 
The following terms, with associated symbols, for different types of heat supply solutions is used 
for reference throughout the report.  
 
Collective central district heating supply refers to supply from the large networks 
connected in the Greater Copenhagen area, of which HOFOR owns that part of the 
network that supplies the City of Copenhagen. The collective DH network is 
supplied from a number of large combined heat and power (CHP) plants, including 
the Amager plant, Avedøreværket, H.C. Ørstedsværket and the waste incinerators: 
ARC, ARGO and Vestforbrændingen as well as a number of smaller peak and back-up load plants. 
The primary fuels for CHPs are biomass, while the peak and reserve supply today  predominantly 
based on natural gas. 
 

Current approved area 
for district heating. Levant Kaj East 

Outer Nordhavn 

CC 



  

11 
 

Decentralized district heating supply refers to the heat supply of a local grid from a 
plant located at the same place. Decentralized heat plants are typically smaller in 
capacity than the central collective heat plants, as they supply significantly smaller 
areas.  Decentralized heating plants can either supplement the supply of the central collective 
district heating system in one area or produce alone for an island system. 
 
Individual heat supply covers individual heat supply solutions for buildings in the form 
of a detached house or a multi-storey property.  
 
Other heat supply solutions refer to a combination, typically of the above 
supply solutions. E.g., energy communities or collectives, which combine central 
collective and local heat supply. One would typically see a combination of two 
or more supply solutions in areas supplied with LT district heating, where the 
main heat supply is supplemented with local heat production (e.g. utilization of 
surplus heat), to cope with challenges related thermal comfort, or risks of legionella in the 
domestic hot water (DHW) tank.  
 

2. Assessment criteria 
This section briefly presents the considerations underlying the analysis of heat supply scenarios, 
including the choice of heat supply technologies. 
 
Local commitment and a green profile for Nordhavn are desired. Further the local conditions, 
including space and availability of renewable energy (RE), must be taken into account. Therefore, 
when selecting possible heat supply solutions, focus must be on the technologies that are 
expected to best support the sustainable agenda, both as stand-alone solutions and in the overall 
system. Thus, the following criteria have been evaluated when selecting technologies for the 
different scenarios: 
  

• Security of heat supply (safe, resilient and known technologies)  
• Economy and energy efficiency (affordable...) 
• Environmental impact and climate (green and sustainable...) 
• Relationship with current legislation 
• Consumer/resident perspective 

 
2.1 Security of supply 
As a consumer requirement, security of supply it is a crucial part of the legitimacy of the collective 
heat supply and thus it is given high priority. As the development of Levantkaj East is expected 
launched in the near future, it is necessary to choose technologies that have already been proven 

CC 

I

DC 

DC I
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to meet the minimum requirements for secure supply and efficient operation. The evaluation of 
supply technologies is described in detail in Appendix 1. 
 
2.2 Economy and energy efficiency.  
Energy-efficient supply solutions are initially important for the economy, but will in most cases 
also have an impact on the environment, typically in the form of a lower energy consumption with 
the derived positive effects it brings. In terms of finances, it is initially considered whether a 
reasonable project economy can be expected, which is usually a prerequisite for a healthy end-
user economy. In addition, the socio economy is assessed for each solution, as a positive socio 
economy is a requirement for the establishment of a new heat supply in Copenhagen. 
 
2.3 Environmental and climate impact  
The environmental- and climate impact are weighted in the form of a calculation of CO2 emissions, 
which is considered the most significant environmental impact in relation to heat supply. To 
include CO2 emissions in the economic analysis, they are priced based on the CO2 allowance price. 
Further, the importance of different supply technologies for the local environment in a broad 
sense has also been taken into account, for example in relation to noise nuisance and space 
uptake. 
 
2.4 Changes in legislation  
The future legislation is difficult to predict, and therefore only the most probable outcomes (e.g. 
changes in ownership, or operational responsibility) are discussed briefly following the preliminary 
results of the analysis. Included in this discussion, future resident/consumer perspectives is also 
assessed, as it is expected to be influenced by legislative developments.  
 

3. Results 
The analysis sets out four general types of heating supply solutions for Levantkaj in the year 2030. 
For convenience, it is assumed that the area will be fully expanded by 2030, although this is 
probably not the case until 2035 due to the local level delay. In addition, a specific case study of a 
heat pump solution for the area around Fisketorvet in the outer Nordhavn in 2023 is also included 
in this report.  
 
3.1 Heat supply scenarios 
Based on the evaluation of heat supply technologies presented in Appendix 1, four main heat 
supply scenarios have been developed, and is presented in the following sections. Please be noted 
that electricity consumption for heat production, building operations and appliances is supplied 
from the public electricity grid in all scenarios.  
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Scenario 1: Collective, central district heating supply 
Today, 99% of the Copenhagen area is supplied with district heat from the large 
central collective network. The heat is produced at the large central 
cogeneration plants, waste incineration plants and to a lesser extent from peak 
and back-up production units. This supply solution will in the future, as it is 
today, be owned and operated by HOFOR and does not immediately assume 
changes to the existing plan frameworks. 
 
The operative temperatures range from 65°C to 90°C in supply, and 40°C to 50°C in return, in the 
summer period and during heating season respectively.  
 
Scenario 2: Individual heat supply with air-to-water HP 
In this scenario, air-to-water HP, installed in each building, supply heat. Thus, there is no 
investment cost associated with expansion of the district heating network.  
 
It is assumed that all buildings are equipped with floor heating installations, and domestic hot 
water (DHW) tanks. Whereas a supply of only 25-35°C should be sufficient for floor heating 
systems, a supply temperature of 60°C is necessary to ensure 50°C at the furthest tapping point in 
order to avoid legionella in the DHW. Thus, the air-to-water heat pump will supply heat at 60°C. 
 
An electrical heating element installed in the DHW tank will cover peak and back-up demand in 
the individual building, in case of failure or overhaul of the HP. This is because it is not 
economically viable for the HP to be designed for maximum consumption in rare operating 
situations. Please be noted that challenges related to space conditions, and noise, should be 
further investigated. 
 
Scenario 3: Decentral supply with large seawater HP 
In this scenario, the base load supply is partly covered by a decentralized HP owned 
and operated by HOFOR, and partly from the central collective DH network. The 
decentralized heat pump will supply heat at temperatures ranging from 55°C to 
65°C (LT DH), and the central collective grid will supply heat at higher temperatures 
(90°C) during the winter season. This scenario is highly probable given today's 
legislations if it turns out being the best socio-economic solution.  
 
As seawater is one of the major renewable energy (RE) resources available in Copenhagen, it is 
highly relevant to test and further develop the technology of seawater HPs in Nordhavn where 
seawater is easily accessible. The dimensioned capacity of a seawater heat pump supplying 
Levantkaj East exclusively is around 4MW of heat output. In practice, however, it is more realistic 

I

CC 

CC 
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that a seawater HP would be sized to supply a larger area than Levantkaj East (coupled to the 
central collective network). However, for the sake of comparability across scenarios, only the 
consumption for this area is considered as of now.  
 

Scenario 4: Island supply with local district heating and prosumer solutions 
A decentralized collective seawater HP will deliver ultra-LT district heating 
corresponding to a supply temperature of 40°C, to achieve a higher efficiency. To 
optimize the economy of the solution, a heat storage is installed to allow for a more 
flexible operation of the HP corresponding to the electricity prices.  
 
Heating of DHW will take place locally in the individual buildings by raising the supply temperature 
from the seawater HP from 40°C to 55°C to ensure 50°C at the furthest tapping point. For this 
purpose, an air-to-water HP is chosen as it comes out as the least expensive alternative, due to the 
higher efficiency and thus lower operating costs than e.g. an electrical heating element. A large 
electric boiler will be used to cover peak demand and in the event of a failure, or overhaul of the 
seawater HP as it is the most affordable, green alternative. (As the seawater HP supplies LT-DH 
(only 40°C), there is a need for a local peak and back-up production unit).  
 
Further, it is assumed that flexumers, and prosumer solutions such as utilization of local surplus 
heat from supermarkets, will be demonstrated in this scenario. To keep the level of detail 
reasonable, these flexumers- and prosumer solutions are not priced at the present.  
 
Specific case study: A HP solution to an area in outer Nordhavn 
The case study investigates how a decentral HP, together with a short-term heat 
storage and an electric peak boiler, can supply the area around Fisketorvet and 
Kulturhuset, in an island network with LT DH (heat supply ranging from 65°C in the 
summer and 75°C in the winter). 
 
If the collective DH network expands with the urban development of outer Nordhavn, and the 
heat demand of the area increases further, the suggested solution could be coupled to the central 
collective district heating network and form a case as suggested for scenario 3.  
 
An overview of the selected supply technologies for heat supply scenario 1-4, are presented in 
table 1 below. For specifics regarding the case study, however, please see Appendix 3.  
 
 

DC 
I

DC 
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Table 1 Overall overview of the four heat supply scenarios 

 1. Collective, 
central DH 
solution 

2. Individual 
air-to-water 
HPs 

3. Collective, central 
DH+ decentralized 
seawater HP 

4. Island supply + 
ultra-LT DH and 
local solutions 

DH network Yes (90/50°C) No Yes (LT DH, 65/40°C) Yes (Ultra-LT DH, 
40/25°C 

Heat exchanger 
connecting central 
and local LT-grid  

No No Yes No 

Local Seawater HP 
+heat storage 

No No Yes (COP* ≈3,4) Yes (COP* ≈ 5,6) 

Individual booster 
solution for DHW 
for each building 

No No No Yes 

Local peak- and 
back-up boiler 

No No No Yes 

Individual air-to-
HPs 

No Yes No Yes (boosting of 
DHW) 

*COP = Coefficient of Performance 
 
3.2 Heat load distribution 
Because of the economic optimization, heat production is distributed among the heat sources as 
shown in figure 2.  
 

 
Figure 2: Heat production (%) distributed between heat sources 

0%

20%

40%

60%

80%

100%

S1 S2 S3 S4

Heat production (%) distributed between heat sources

- Individuelle booster-
løsninger
- Lokal spidslastkedel

- Lokal
havvandsvarmepumpe
- Individuelle luft-vand
varmepumper
- Fjernvarme



  

16 
 

Details from the above calculations are not included in the report, but can be delivered by HOFOR 
upon reasonable request. 
 
In scenarios 1 and 2, where there is only one possible source of production, this naturally 
constitutes 100% of the heat production. In scenario 3 where heat is delivered both by the central 
collective district heating network and decentralized seawater HP, the heat production is 
distributed almost equally between the two. The decentralized seawater HP in scenario 4 covers 
as much as 85% of the heat production. The local peak load boiler (electric boiler, 1%) and DHW 
booster solution (air-to-water heat pump, 14%) covers the remaining heat production. 
 
Specific case study: A HP solution to an area in outer Nordhavn 
In the case study the capacity of the heat pump, electric peak boiler and storage is determined by 
an economic optimization, for each choice of heat source as well as scenario for the heat demand 
and temperatures in the DH network. The share of heat producing capacities varies between 80-
95% and 20-5 % for the heat pump and electric peak boiler, respectively as described in Appendix 
3.  
 
3.3 Project- and socio economics 
When evaluating the project economy of the different heat supply solutions for Levantkaj East, 
and the area in outer Nordhavn respectively, only the annual costs is calculated, meaning that 
possible business models and ownership is not considered. The annual heat supply costs include: 
 

- Variable costs (fuel, variable D&V, possible electricity sales etc.) 
- Fixed costs 
- Capital costs (including real interest rate requirement of 3.5% (project financial) and 4% 

(socio-economic)) 
 
The socio-economic cost is simplified by including tax distortion losses from grants and taxes as 
well as the net tax factor. Figure 2 shows project economic and socio-economic costs broken down 
by the three above-mentioned items for scenario 1-4. 
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Figure 3: Total expenses for heat supply of Levantkaj East 

The total cost of all four scenarios come out relatively close, with a (project economical) heat cost 
per heat consumption ranging from DKK 93/GJ pr. year to 116 DKK/GJ pr. year. The total project 
financial costs are on average DKK 10.8m/year, with deviations therefrom between -14% and 12%.  
Under the given conditions, the central collective district heating scenario (S1) falls out as the least 
expensive solution for Levantkaj, whereas the individual heat pumps (S2) and the island solution 
(S4) are the most expensive ones. This is due to the very high investment costs in scenarios 2 and 
4. Regardless, the variable costs are considerably low in scenario 4 due to the very high COP of the 
seawater heat pump in variable operation. 
 
Specific case study: A HP solution to an area in outer Nordhavn 
The heat cost of the HP solution presented in the case study, ranges between 102DKK/GJ and 149 
DKK/GJ, depending on the heat demand scenario, heat source configuration and profile of the 
supply temperature as specified in appendix 3. The total yearly heat expenses for a heat demand 
of 4.98 GWh varied between 1.96 mDKK and 2.70 mDKK. For a high heat demand of 7.56 GWh it 
varied between 2.77 mDKK and 3.84 mDKK. The total yearly heat expenses, as well as the heat 
cost, includes both the fuel cost, O&M and all related investments in the heat pump (incl. the 
source), the electric peak boiler, storage and the necessary extension of the local district heating 
network.  
 
Sensitivity of project- and socio-economic assessment  
To investigate the robustness of the project- and socio-economic assessment of scenario 1-4, a 
sensitivity analysis has been made for the following parameters: 
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- Electricity prices 
- Investments 

 
The sensitivity analysis is presented in full in appendix 2, but in brief, the sensitivity analysis 
concludes that the district heating scenario is the least expensive heat supply solution for 
Levantkaj East in 2030 regardless. It is however worth mentioning that for some of the 
parameters, the result approaches an equalization between scenario 1 and 3, where the cost 
difference is relatively small. Given the uncertainty inherent in the underlying assumptions, it must 
be said that scenario 1 and 3 are competitive at low electricity prices (-20%) and at low investment 
costs (-20%).  
 
3.4 Environmental and climate impact 
To consider the environmental and climatic impact of the different heat supply solutions, CO2 
emissions from the heat consumption in each solution have been calculated. Both local CO2 
emissions and the global CO2 emission have been taken into account: 
 

- Local CO2 emissions: Here, CO2 emissions are calculated from the heat and electricity 
production that takes place in the metropolitan area. 

- Global CO2 emissions: If electricity is imported (as a result of increased electricity 
consumption in the metropolitan area) or if electricity is exported (as a result of increased 
electricity production in the metropolitan area), this is corrected by a CO2 emission factor. 

 
Table 2 below, shows different CO2 emission factors from ESA's Basic Projections 2018, Energy's 
Environmental Declaration 2017 and a bid for a green development of electricity generation.  
When calculating CO2 emissions for each solution, an average consideration of electricity 
generation is assumed, and a 125% heat efficiency is used for the distribution of fuel, and thus 
CO2 for the electricity and heat side. 
 
Table 2: Applied average CO2-emission factors for electricity 

Average CO2-emission factor for electricity (125%-method): kg/MWh 

ENS' Basic projection 2018 - electricity trading corrected 335 
Current level (The environmental deceleration of 2017) 181 
Green development 45 
 
As can be seen in figure 4, the result varies significantly for the four scenarios, depending on the 
CO2 emission factor used in table 2. When comparing the results of the analysis using the highest 
CO2 emission factor (blue bars), scenario 1 (central collective DH) actually causes a reduction in 
CO2 emissions.  
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Figure 4: CO2-emissions in heat supply scenarios 1-4 for the various CO2-emission factors 

One possible explanation for this is the district heating's co-generation of electricity and heat 
(CHP), which results in increased electricity production. This additional electricity generation is 
exported and replace other electricity generation with a higher CO2 emission factor, whereby the 
scenario leads to a net CO2 emission reduction. If we look at the results using the low CO2 emission 
factor, the island solution (S4) is the scenario with the lowest CO2 emission. 
 
It can be argued that a marginal consideration of electricity generation is assumed, rather than an 
average consideration, as there will be no scaling up of the production mix in the short term as the 
average view assumes. Instead, electricity generation will be covered by the marginal (most 
expensive) plant, which usually has a high CO2 emission (oil or gas). Following this argument, it 
would be most accurate to consider the blue bars where the highest CO2 emission factor is used. 
 
The high CO2 emission in scenario 1 with the green development factor, reflects a situation where 
almost all electricity in Europe is green and that the district heating system still has a minor 
content of fossil fuels for peak and reserve load boilers. 
 
The conclusion on the calculations of CO2 emissions is that the development in electricity 
generation is crucial, and because of this it is difficult to say with confidence what heat supply 
solution is the best in terms of environmental impact and climate. However, on average scenarios 
1 (central collective DH) and 3 (decentralized seawater heat pump) comes out as the most 
environmental and climate friendly solution.  
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Specific case study: A HP solution to an area in outer Nordhavn 
In the case study of heat supply to the area around Fisketorvet, it was found that the CO2 emission 
pr. MWh of heat delivered varied between 59.1 kg/MWh and 68.4 kg/MWh. On a yearly basis the 
total emission varied between 294 ton and 341 ton for a scenario of low heat demand, and 
between 446 ton and 517 ton for a high heat demand.  
 

4. Discussion 
Based on the results of the project- and socio-economic analysis, as well as the assessment of 
environmental and climate impact, it can be argued that central collective district heating (S1) is 
the most reasonable choice of heat supply for Levantkaj East.   
 
The results from the case study shows that replacing the oil fueled boiler with a sea water HP 
reduces the CO2 emissions from the heat production in the area significantly and further delivers 
the heat at a feasible price. However, a major challenge for island networks would be security of 
supply. In an attempt to address this, the production unit (s) and distribution network may end up 
being oversized and operated in partial load if necessary. Therefore, this approach is challenged 
when considering HP solutions for new urban development areas. 
 
For example, an island network with an HP as the primary production unit will optimally be 
combined with a peak load boiler (e.g. electric) and a short-term heat storage to ensure security of 
supply. The optimum capacity of the units as well as the capacity of the distribution network are 
sensitive to the future heat demand, supply and return temperature and fluctuations in electricity 
prices. At the beginning of a development period, an over-sizing of the production units will 
constitute an initial financial loss, but in the long term it may prove valuable in the event of an 
increasing heat demand. The optimal capacities for decentralized DH supply would be subjected to 
further analysis, considering the robustness of the economic performance in relation to the 
specific projections in the area. 
 

5. Conclusion 
A city development project like Nordhavn is characterized by a holistic and robust vision combined 
with a planning process with a lot of uncertainty and flexibility towards the end of the project in 
2050. HOFOR has looked into possible solutions for supplying Nordhavn with heating taking all of 
the known uncertainties into consideration and have looked at the time line of the development 
phases of the Master Plan for Nordhavn and analyzed on various solutions for supplying Nordhavn 
with heating both from small and large scale solutions either being in combination with the large 
central network or as island solutions for smaller areas or communities in the time period from 
now and towards 2050. 
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The findings from the analysis of heat supply to Levantkaj East in 2030 concludes that central 
collective district heating supply is the most favorable solution when considering the 
environmental- as well as project and socio-economic aspects.  
 
The conclusion of the case study is that it is economically and environmentally justifiable to 
replace the existing oil boiler in the island network supplying heat to Fisketorvet and the new 
“cultural house” with a ground water-based heat pump coupled with an electric boiler and a 
short-term heat storage in 2023. The island network is then later expected to be coupled to the 
central collective DH network already laid out in the area around Århusgadekvarteret, and 
Levantkaj East, as the heat demand/density in the area increases. The expected evolution of heat 
supply in Nordhavn, which is closely linked to the urban development, is illustrated in Figure 5.  
 

 
Figure 5: Expected development of heat supply in Nordhavn  

 

6. Prospective work  
 
As mentioned initially, legislative developments and future customer preferences might argue in 
favor of some other heat supply solutions. It is difficult to say as to which direction Copenhagen is 
leaning towards, however, some of the possible alternatives is expected to have greater impact on 
district heating than others. The two most conceivable scenarios that are expected to affect the 
district heating supply, as we know it today, are discussed below. 
 
Free heat market in the future 
The current legislation on district heating, requiring that the heat consumers must be connected 
to the district heating network given that it is the best socio-economic solution, limits the heat 
consumers’ interest for individual heat supply technologies such as air-to-water heat pumps as 
presented in scenario 2. However, if the requirement to be connected to district heating was to be 
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removed from the future legislation, it is believed that a share of the heat consumers will consider 
changing to individual supply solutions. It is expected to apply mainly to heat consumers in single-
family houses, and in buildings in the outskirts, such as the outer Nordhavn. This will most likely 
make scenario 4 (island supply with local district heating and prosumer solutions) the most 
probable solution of heat supply in the future.  The realization of such individual solutions could 
also be with or without the involvement of HOFOR, depending on the future heat supply strategy. 
 
An increased electrification of the heating sector 
The municipality of Copenhagen have set the goal of being 100% CO2 neutral by 2025. Further, the 
Danish government aims for a 100% renewable energy system by 2050. Around 80% of the total 
heat production in Copenhagen is, as of next year, CO2 neutral when HOFORs new biomass fueled 
CHP (which is considered 100% CO2 neutral) is taken into operation. The need to phase out the 
remaining CO2-emitting heat production, points in the direction of an increased electrification of 
the heating sector. This speaks in favor of scenario 3 (decentral sea water heat pump connected to 
the local collective district heating network) as it would ensure security of heat supply in a 
transitional period where valuable experience with a large decentral electricity-based heat 
production unit is gathered, as well as inspiring further technology development.  Scenario 4 
(island supply with local district heating and prosumer solutions), would be a close runner up, and 
would most likely be the favored choice if the obligation to be connected to district heating (see 
section above) was to be removed.  
 
For future work, it is recommended to conduct a thorough study of the possible effects that changes 
in the district heating sector may have on the choice of heat supply in especially new urban 
development areas. This should include an analysis of consumer preferences and the development 
of new types of prosumers and consumers, such as aforementioned flexumers in the district heating 
network as well as realistic heat demands and density of the new areas and buildings.
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7. Appendix 1 
Choice of heat supply technology 
 
Technology choices are primarily relevant to describe for scenarios with decentralized and 
individual heat supply, as the technologies in the existing district heating system are largely fixed 
within the chosen calculation period. 
  
7.1 Heat pumps 
Heat pumps have been chosen as the most obvious technology for both decentralized and 
individual supply. Although district heating technology requires development and demonstration, 
heat pumps are considered the most suitable green technology to make the green conversion of 
energy supply (electricity and heat supply) more robust by supplementing biomass as a green 
energy source and by contributing to the utilization of electricity from wind turbines to district 
heating. In addition, heat pumps do not cause emissions to the local environment, and at the 
same time can utilize local energy sources. 
 
Available heat sources in Nordhavn are air, groundwater, ground heat, seawater and geothermal 
energy. 
 
For the supply of individual buildings with individual heat pumps, air is considered the most 
relevant heat source. This is because the other heat sources are either too space consuming 
(groundwater and ground heat) or too expensive in investment for individual buildings 
(geothermal and seawater). However, there are certain challenges when using air as a heat 
source, especially noise nuisance, and it is also assumed that some space must be set aside for 
heat pump and air intake, which will be relevant to examine in relation to whether the solution is 
suitable for heat supply in practice in an area like Nordhavn. 
 
For supplying a local grid with decentralized heat pumps, seawater is proposed as a heat source. 
Air is deselected, as the large air intake it would require would cause noise nuisance that you 
would not be able to isolate, and there is also a risk of operating problems with air intake due to 
dust from extensive construction and heavy traffic in Nordhavn. Finally, the outdoor air has a low 
temperature in winter, where the heat demand is greatest, which results in a lower annual COP 
for air heat pumps than for other heat pumps. Groundwater has a stable temperature throughout 
the year, but requires a disproportionate number of boreholes if it is to meet the base load 
requirement in all or part of the network, which can present challenges with the space in an area 
with dense construction. Ground heat requires a lot of space in m2 to get sufficient energy, which 
is not applicable in a dense area. Finally, there are geothermal and seawater, both of which could 



  

25 
 

be relevant sources of energy. However, geothermal energy is typically so expensive in investment 
that it will be a collective or decentralized supply solution financed by the district heating 
company. Nordhavn has particularly favorable conditions for a seawater heat pump not only 
because of its location on the coast, but also because it borders, on a sea area with relatively great 
depth, compared to the other parts of Copenhagen, which gives access to a slightly higher 
seawater temperature in winter, where the heat demand is greatest. Compared to testing this 
solution in practice in the upcoming development of Levantkaj in the coming years, the technology 
is also more mature and investment risk less compared to geothermal, which can also be located 
elsewhere in the city and does not depend on proximity to water. 
 
Heat pumps can be used for both heating and cooling. Especially for larger heat pumps, it is 
considered that an economic benefit to the technology is that two products can be delivered with 
a marginal additional investment. Thus, in scenarios where heat pumps are included, it is also 
possible to include a cooling production. However, it is deselected to include it in these generic 
scenarios because in that case it should be addressed in all scenarios. In addition, today it is 
primarily possible to supply district cooling from large heat pumps for commercial purposes. 
Although it is not initially included in the scenarios, it is relevant to evaluate the possibilities when 
working on one to two scenarios or a combination of the scenarios later. 
 
7.2 Electricity for heat production and distribution  
Electricity for heat production and distribution is assumed to be supplied by the collective 
electricity grid and not by local technologies such as wind turbines (previously opted out 
politically), household turbines (not profitable + challenges in relation to space, noise nuisance 
and wind conditions in dense cities) nor from solar cells. Thus, the establishment of these 
technologies in the area in the future will not be ruled out, provided that they are established for 
purposes other than heat supply and are therefore not relevant to pricing in the heat supply 
analyzes. 
 
7.3 Heating installations 
In all heat supply scenarios examined, it is assumed that all buildings are equipped with water-
based heating installations in the buildings (heating system and a central DHW tank). The 
alternative would e.g. be air-to-air heat pumps for space heating and individual 
domestic/household water installations. 
 
7.4 Low-temperature district heating  
Scenarios 2-4 include low-temperature district heating and the selected temperature levels are 
briefly justified under the respective scenarios. Low temperature district heating can be defined in 
several ways depending on what the reference is. In this analysis, low-temperature district heating 
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implies a lower flow temperature compared to the large district heating network in Copenhagen, 
which needs up to about 90 °C to reach the outermost customer on the coldest winter days. In 
new construction, where the heating installations are designed for lower temperatures, low-
temperature district heating is an option, which offers various advantages. One advantage is lower 
net loss and thus saving energy and fuel. However, in the Copenhagen grid, where district heating 
is continuously optimized in relation to outdoor temperature and customer needs, there is not 
much to save when it is only a single district. On the other hand, there is a great advantage in the 
supply of technologies such as heat pumps and geothermal, which become far more economically 
and environmentally efficient when they can supply heat at temperatures of only e.g. 70 ° C. Some 
of the limitations of low-temperature district heating are, as mentioned above, that customers' 
heating installations must be set for it, and that higher temperatures may be needed during the 
cold winter days to get enough heat to the heat consumers. In addition, challenges with legionella, 
which requires min. 55°C in the hot water tank, to ensure 50°C at the furthest tapping point must 
be considered. 
Below, we review several technologies that have been deselected for various reasons. 
 
7.5 Heat production with solar panels  
Heat production with solar panels is primarily available in the summer and cannot supply enough 
energy for the heat demand during the winter months. Therefore, further investment in additional 
storage would be required, which would require space and, in addition, additional supplementary 
energy production in winter. For the economics of solar heating systems, there is a substantial 
large-scale advantage of larger decentralized plants (as opposed to smaller roofing systems), but 
these require that more free space be allocated for the purpose, which does not seem realistic in a 
dense urban area such as Nordhavn with high square meter prices. Contributions from solar 
heating to district heating are also considered less efficient in the Copenhagen district heating 
system due to surplus heat from the waste incineration plants in the summer. The waste heat 
covers most of the heat demand in Copenhagen in the summer and must be cooled off if it is 
replaced by solar heat. However, the reduced amounts of waste for incineration can change this, 
but here the solar heat comes in competition with other technologies such as heat pumps that can 
utilize surplus heat from industry, etc. where the cooling requirements and thus the heat supply 
are often greatest in the summer as well. If solar energy is to be utilized in dense urban areas, 
solar cells are considered more suitable (socio) economically, but as mentioned, is not included, as 
the focus is on heat supply solutions. 
 
With the exception of electric boilers that are emission-free and inexpensive in procurement, 
boilers based on other types of fuels such as natural gas or biomass are not assumed to have 
relevance in dense residential areas such as Nordhavn due to the inappropriate emissions from 
high chimneys in a dense urban area with housing and offices.  
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8. Appendix 2 
Sensitivity analysis of the project- and socio economic 
assessment 
 
The sensitivities are shown only for the project economy, as the results are the same for the socio-
economic calculations. 
 
8.1 COP of heat pumps 
Through previous analyzes of realized heat pump data (from Manage your heat pump project) and 
from interviews with heat pump suppliers, it seems doubtful that the heat pumps can actually 
fulfill the annual efficiency (SCOP) stated by the manufacturers themselves. 
 
The Danish Energy Agency's Technology Catalog shows a projection of the annual COP based on a 
few suppliers' SCOP. A 20% reduction in SCOP has been calculated in the baseline scenario 
(SCOP=3.68). Figure 3 shows results from calculations with the specified value (SCOP=4.2) for the 
individual heat pumps (S2). This change is not enough to change the picture, so overall the lowest 
project economical heating costs are still in the district heating scenario (S1). Only at a COP>5 will 
the individual heat pumps (S2) become a less expensive solution than the district heating scenario 
(S1). 
 

 
Figure 6: Total heat expenses considering COP of air-to-water heat pump. 
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8.2 Lifetime of technical solutions 
Another technical parameter to be considered for the heat pumps is the service life. The basic 
scenario assumes 20 years. Variations have been made with 15 and 25 years. Even when the 
lifetime of the heat pumps is increased to 25 years, the district heating scenario (S1) still comes 
out as the least expensive, as shown in Figure 4. 
 

 
Figure 7: Heat expenses with various lifetime of heat pumps 

8.3 Electricity prices 
It is interesting to look at other constraints for the electricity price because it affects the scenarios 
differently depending on whether there is electricity generation (S1, S3) or electricity consumption 
(S2, S3, S4). In Figure 8, +/- 20% of the electricity price is varied. Here it is seen that S3 can almost 
compete with S1 at a low electricity price. 
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Figure 8: Heat expenses with various electricity prices 

8.4 Investments 
Since the calculations have taken a short-term margin into account, only grid investments and not 
new capacity investments are included in the district heating scenario. However, there are 
capacity investments in the remaining scenarios, because no heat pump capacity etc. has been 
established today on Levantkaj East. As mentioned, investment costs, especially in the island 
solution (S4), play a large part. In addition, there is considerable uncertainty about heat pump 
investment, as it is limited how many similar projects exist and thus how much knowledge there is 
in the field. With a lower investment, the scenario 3 and 1 fall out roughly the same as can be seen 
below in figure 9. 
 

 
Figure 9: Heat expenses with various investments 
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8.5 Heat consumption 
There is considerable uncertainty around the assumptions about the heat consumption in the 
calculations. This is both due to the final number of buildings and their intended usage still being 
uncertain, and due to the difficulties in predicting the energy consumption in the individual 
buildings in the future. Sensitivities has been calculated for respectively lower and higher heat 
consumption compared to the basic scenario, but the investments in capacity is kept constant. 
 
In the low-consumption scenario, it is assumed that the buildings live up to BR2018, which 
corresponds to a 50% reduction in consumption whereas in the high-consumption scenario it is 
assumed that current consumption increases by 20%. The results do not change the conclusion, see 
Figure 10, but merely support the district heating as the least expensive solution. The lower 
consumption increases the advantage of district heating, because most of the costs are variable 
and thus dependent on consumption. As consumption increases, costs increase by more than the 
20% in S3 and S4, because the extra heat must be produced by more expensive units than their 
base load. Flexibility will also affect electricity prices. 
 

 
Figure 10: Heat expenses with various heat consumption 
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9. Appendix 3 
Case study: A HP solution to an area in outer Nordhavn by 
Pernille H. Jørgensen from DTU Mechanical Engineering 
 
This case study (separate report with new numbers for figures and reports) presents a decentral 
heat pump (HP) as a solution to be implemented in the years to come for a specific area in outer 
Nordhavn. The proposal is intended to fulfill the heat demand of existing buildings in the northern 
end of Kattegatvej as well as the development of the new culture house located in 
“Elementfabrikken/ Element Factory”.   

For outer Nordhavn, local heat production units supply heat either to individual buildings or to 
small local island district heating (DH) networks, as additional piping cost from the central system 
exceeds the benefit of low heat cost from existing plants. In Figure 1, the existing island network 
considered in the case study is shown together with the location of the Element factory [1]. The 
Figure also shows the existing heat production units.  

 

 

 
Figure 1: map section of outer Nordhavn indicating the area considered in the case study [1]. 

The main focus of this analysis was to suggest a “replacement heat pump solution” based on the 
existing DH infrastructure to replace the oil boiler (NH3 at Fig. 1). Furthermore, an extension of 
the network is considered to include the expected heat demand of the new culture house. It is 
assumed in the analysis that the HP can be placed at the same location as the existing oil boiler 
(NH3).  
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1 Existing and expected upcoming heat demand 

The following section presents how the future heat demand for this case study was estimated. 
This includes a description of data sources and the following data processing.  

1.1 Heat demand of existing island network 

The existing oil boiler (NH3, Figure 1) supplies the buildings connected to the local island DH 
network located along the northern end of Kattegatvej, as shown in Figure 1. Further, the network 
will be referred to as the island network. In order to estimate the current heat demand for this 
network, data from the monthly consumption of oil in the boiler and the total consumption pr. 
month of the individual buildings connected to the grid, was provided by HOFOR A/S [2]. In Figure 
2 the data with a monthly resolution from both sources can be seen.  

 
Figure 2: Data from the oil boiler consumption and the consumers connected to the island network. 

By considering the annual degree-days, the data from the oil boiler was converted into 2018 
values. Comparing the numbers, the oil boiler had a consumption of approx. 22 % more than the 
customers connected to the network. The difference was interpreted as reasonable losses related 
to the boiler efficiency as well as the heat loss from the grid itself. For the further analysis, the 
heat demand was estimated as the customers’ consumption from 2018 plus a grid loss depending 
on the supply temperature (further explained in section 2). The heat demand has a peak load of 
383 kW. 

1.2 Expected heat demand of the coming culture house  

In the Element Factory, located south of the island network described above, a new culture house 
will be located. The building origins as a cast house for the tunnel elements for the Øresunds 
connection between Malmø and Copenhagen, and has in past years been used for storage. The 
future use of the building is described as a center for culture and a meeting point for students, 
artists, professionals, and residents, with workshops, meeting rooms, sports facilities and cafés [3]. 

At present (October 2019) it is expected that a new local plan for the area/building will be 
approved at the beginning of 2021 and that the building can be commissioned at the beginning of 
2023. The current expectation is that the local plan will allow 70,000 square meters of floor area. 
This will involve a reconstruction of the Element Factory inclusive any possible additional 
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buildings. Out of the 70,000 square meters of floor area, it is expected that 16,000 will be spent on 
residential housing [6].  

To estimate the future heat demand of the 55,000 square meters for non-residential use, an 
existing heat demand from an older non-residential building in Copenhagen was used for 
inspiration. The building’s heat demand with a daily resolution for 2018 was provided by HOFOR 
A/S [2]. As the uncertainty associated with estimating this future heat demand was considered 
very high, two different heat demand scenarios were included for the analysis. 

• Heat demand scenario, HIGH: A conservative high heat demand, with a one to one scale of 
the provided heat demand to match the expected 55,000 sq. meters of floor area. This 
corresponds to a total heat consumption of 94 kWh/m2/yr. with a peak demand of 1.71 
MW. 

• Heat demand scenario, LOW: A scenario with 50 % less compared to the scenario of a high 
demand. This corresponds to a total heat consumption of 47 kWh/m2/yr. with a peak 
demand of 853 kW. 
 

To include the 16,000 square meters of floor area for residential use, a heat demand from an 
existing apartment block was used as inspiration. The building is recently built (2015) and has a 
heat demand of 65 kWh/m2/yr. provided on an hourly basis for 2018 by [2]. The heat demand was 
scaled one to one to match the expected amount of square meters and have a peak demand of 
606 kW. 

For both the non-residential and residential square meters a heat loss depending on the supply 
temperature has been assumed and is further explained in Section 2.  

1.3 Total heat demand 

The total heat demand used in the analysis was the sum of the three different contributors 
described above. Due to the high uncertainty related to the main contributor the analysis was 
performed for two different consumption scenarios. The total heat demand without any 
distribution loss for scenario HIGH is 7.56 GWh with a peak demand of 2.77 MW, while scenario 
LOW has a yearly demand of 4.98 GWh with a peak demand of 1.92 MW. The yearly variation for 
both scenarios is shown in below Figure 3. In Table 2  in section 2, the heat demand incl. 
distribution losses is shown.  
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Figure 3: Yearly visualization of the total heat demand and the different contributors. Above: scenario HIGH. Below: scenario 
LOW. 

To match the time resolution of the electricity prices used in the analysis, it was assumed that the 
MWh for one day was distributed equally for the 24 hours of the current day.  

2 Supply and return temperatures 

The current supply temperatures in the island network were obtained from remote readings of 
the heat consumption on the customer side for individual buildings. Examples of these 
temperatures revealed large fluctuations and indicates well-known challenges with operation of 
the installations at the customers. For this case study rather, simple scenarios for the yearly supply 
temperatures were considered. Both scenarios are shown in Figure 4. For both scenarios, a supply 
temperature of 65 °C was assumed for the summer months to satisfy the production of domestic 
hot water. During the heating season, a supply temperature of either 65 °C or 75 °C was 
considered, in both cases combined with a constant return temperature of 45 °C. For the scenario 
with a supply temperature of 75 °C during the heating season, September and May were 
considered as transitions months based on a linear shift, which may be seen as a conservative 
estimate. Further the two combinations of DH temperatures will be refered to as 65-65/45 and 75-
65/45.  
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Figure 4: Two different scenarios for the supply temperature in the DH network. The return temperature is kept constant at 45 
°C in both scenarios.  
 
Both supply temperature sets would most likely require a high effort of adjustment and 
investments on the consumer side for the existing island network. Furthermore, a constant return 
temperature of 45 °C may pose challenges, both on a daily and yearly basis. 

The losses from distribution of the heat varies with supply temperature. From a mean 
temperature of the DH water a heat loss of 8.00 % and 8.86 % was estimated for a supply 
temperature of 65 °C and 75 °C, respectively. This was, comparing to numbers recommended in 
the Technology Data for Energy Transport [4], a low estimate, but it is considered reasonable as 
the length of this network will be only approx. 250 meters. Table 1 shows the yearly heat demand 
including distribution losses.    

Table 1: Yearly heat demand incl. heat loss from distribution for all combinations of heat demand scenario and supply 
temperature. 

 Scenario LOW, 
DH temp:  
65-65/45 
[GWh/yr] 

Scenario LOW,  
DH temp:  
75-65/45 
[GWh/yr] 

Scenario HIGH, 
DH temp:  
65-65/45 
[GWh/yr] 

Scenario HIGH, 
DH temp:  
75-65/45 
[GWh/yr] 

Island network 1.35 1.37 1.35 1.37 
Non-residential, 
culture house 2.79 2.82 5.60 5.65 
Residential, 
Culture house 1.26 1.28 1.26 1.28 
Total yearly heat 
demand 

5.41 5.47 8.21 8.29 

 

3 Location of heat source, and yearly temperature profile 

3.1 Temperatures 

Two different heat sources – groundwater and seawater – were considered for the analysis. The 
yearly variation of both heat sources is shown in Figure 5. For groundwater, the temperature was 
assumed constant throughout the year, which corresponds well to the recent data from the 
groundwater heat pump located at the cruise terminals also in outer Nordhavn. The depth of the 
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boreholes for this heat pump is 150 meter and the water is discharged to the sea. It is important 
to note that the water mirror of a heat pump at the proposed location may affect the 
performance of the corresponding heat pump at the cruise terminals, and vice versa.  

The yearly temperature profile of seawater was based on temperature measurements at 10 
meters depth from a measuring station in Øresund. The profile was provided by H. Pieper and is 
further described in [5]. 

For the groundwater case, a constant cooling of 6 K of the source has been assumed. For the 
seawater case, an inlet temperature of 4 °C together with a cooling of 3.5 K was used as the 
dimensioning conditions. Throughout the year the cooling of minimum 3 K was assumed.  

 
Figure 5: Yearly temperature profile of groundwater and seawater. 

3.2 Location  

For the groundwater case, it was assumed that the boreholes can be established at the same 
location as the heat pump, and furthermore that the water can be discharged into the sea. This 
would require a pipe of approx. 200 meters to the basin “Færgehavn Nord”. Regarding the 
seawater, it was assumed that the intake either could be established at Oceankaj (the shore to the 
east) or at the end of Nordsøvej (the shore to the west). The suggested solutions need 1500 and 
500 meters of piping, respectively. Both locations were analyzed individually, due to uncertainty 
about possible locations and the applicability of the temperature profile which is based on a 
combination appropriate of flow and water depth.  

4 Conceptual description of the heat solution and the connecting grid 

The analyzed solution consists of both a HP, an electric peak boiler and a short-term heat storage. 
A simple conceptual sketch of the system is shown in Figure 6. The arrows indicate the connection 
and possible flow between the different elements.  
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Figure 6: Principle sketch of the suggested solution with main flows indicated. 

The heat demand of the customers can either be covered by heat from the storage tank or by heat 
produced directly from the HP and the electric boiler.  

The method applied to the system consists of two different models: 1) A detailed model of the 
heat pump cycle implemented in the software Engineering Equation Solver [7], 2) a system 
optimization model implemented in the software General Algebraic Modeling System [8].  

In brief, the heat pump model (model 1) was used to calculate the heat pump COP for every hour 
of the year, based on the temperatures of the heat source and the supply and return temperature 
in the district heating network. These COPs were then used as input to the system optimization 
model (model 2). The overall aim of model 2 was to minimize the total cost of the system, based 
on a representative year. Hence the capacity of the HP, the electric peak boiler, the heat storage 
and the operation of the units in terms of load and operation time were determined by an 
economical system optimization, and thus they were a result of the calculations made in model 2.   

A detailed description of the method and assumptions applied in models 1 and 2 are found in the 
following sections.  

4.1 Model 1: Heat pump cycle and performance 

The considered HP configuration is a two-stage vapor compression cycle utilizing ammonia as the 
refrigerant. The configuration is illustrated with a simple PI diagram in Figure 7. 

 
Figure 7: Simple PI-diagram of HP configuration. 
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The components of the HP were dimensioned at the lowest heat source temperature and the 
highest supply temperature (design conditions). The applied method corresponds to the one 
presented in [9] however with slightly different input parameters, as listed in Table 2. From the 
dimensioning calculation, a design COP of the system was obtained. To calculate the COP of every 
hour in a year, the model was converted to represent off-design operation. This implies detailed 
calculations of the heat transfer in the given heat exchangers, as well as variations in the 
compressor efficiencies due to changes in compression ratio and suction temperatures.  

The yearly variation in COP reflects the variation in the supply temperature and the source 
temperatures. Figure 8 shows how the HP performs during a year, in the sense of Coefficient of 
Performance (COP). In Table 2 the HP design conditions and related COPs are shown.  

 
Figure 8: Heat pump COP used in the different scenarios. 

The COP shown in Figure 8, were based on a constant, full load HP capacity. However, as shown in 
the following results, the HP will also for some hours during the year, operate in part load in terms 
of capacity. Part-load operation will have an impact on the heat transfer in the heat exchangers 
and the compressor efficiencies, and will thus also affect the COP of the HP. This variation in COP 
due to part-load operation is disregarded in this analysis, due to the chosen structure of the 
system optimization model (model 2). Any reduction in performance of a HP in part load will shift 
operation towards higher load during operation. 

Table 2: Heat pump COP’s in design conditions 

Input parameters, model 1 Value 
Pinch temperature difference in all 
heat exchangers 

2,5 K 

Heat loss from compressors 5 % 
Heat transfer correlation, evaporator Ayub et al. [25] 
Heat transfer correlation, condenser Longo et al. [26] 
Heat transfer correlation, single phase Martin H. [27] 
COP design 65-65/45 75-65/45 
Groundwater (10 – 6) 4.01 3.72 
Seawater (4 – 0.5) 3.79 3.52 
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4.2 Model 2: System optimization to minimize annual cost 

The model used for the system optimization is developed by H. Pieper, DTU Mechanical 
Department, and only simple modifications have been implemented to carry out the analysis for 
this case study. The method applied in the model is documented in a number of papers including 
[5], and only the most essential parts is presented in the following. This includes a section on the 
economic assumptions and a section on the technical assumptions.  

Objective function 
The objective function of the optimization was the minimization of the total annualized cost of the 
system Z for a representative year, defined by equation (1).  

Z =  ∑Cel + ∑Cm + ∑Cinv,a (1) 

Where Cel is the annual cost of electricity, Cm is the annual maintenance cost, Cinv,a is the 
annualized investment cost.  

Elements of the total annualized cost   
For each cost listed in Eq. (1), the contribution of each elements of the system was calculated. The 
cost of electricity and maintenance was calculated for a representative year. The investment cost 
was converted into annual payments, taking the lifetime L of the equipment into account by Eq. 
(2) [28]. The assumed lifetimes are shown in Table 3.  

Cinv,a = Cinv
r

(1 + r)(1 − (1 + r)−L)
 (2) 

Where r is the discount rate, which was assumed to be 4%.  

Table 3: Assumed lifetime of the equipment in the system. 

Equipment Lifetime 
[years] 

Reference 

Heat pump 25 [10] 
Peak boiler 30 [10] 
Storage 40 [10] 
DH network 30 [11] 

 

In the following, the different assumptions for each cost are presented.    

Cost of electricity 
The yearly cost of electricity was given by Eq. (3).  

Cel =  Cel,HP + Cel,peak = ∑((cel,h + ctax)(PHP,h + Ppeak,h)) (3) 
 

where cel,h is the spot price of electricity at a given hour h, ctax is a fixed amount added to the cost 
of electricity, PHP,h and Ppeak,h is the electricity consumption of the heat pump and electric boiler 
respectively at a given hour.  
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The price of electricity was based on the spot price from Nordpool 2018 [12], shown in Figure 9 
and the tax consists of the contributions listed in Table 5. The distribution tariff was based on a 
yearly distribution of 44 %, 3 2% and 24 % for low load, high load and peak load respectively.  

 
Figure 9: spot prices 2018, DK2 

Table 4: Tax and tariffs for electricity 

Tax [EUR/MWh] Reference 
Transmission fee 
 (TSO + system + 
balance)  

10.96 [13] 

Distribution fee 16.06 [14] 
Electricity-to-heat 20.81 [15] 
Total 47.82  

  
Maintenance cost 
The yearly maintenance cost was calculated as presented in Eq. 4, 

Cm =  ∑(Cm,HP + Cm,peak + Cm,st + Cm,DH) (4) 

For the maintenance cost of the two production units, the HP and the peak boiler, the 
contribution in Eq. 4, consist of both fixed and variable cost given by Eq. 5.  

Cm,unit =  cvarQtot + cfixQ̇capacity (5) 

where cvar is the variable cost related to the total amount of heat produced at the unit in one year 
and cfix is the fixed cost related to the installed capacity.  It was assumed that the maintenance 
cost of the heat pump includes maintenance related to the source intake and piping.  
For the heat storage only, the fixed maintenance cost was taken into account, which was based on 
the installed capacity. Maintenance of the DH network was calculated based on cost pr. year pr. 
km piping. 
All of the used assumptions for calculating the maintenance cost are shown in Table 5. 
 
Table 5: figures used for maintenance cost 

 EUR/y Reference 
cvar,HP pr MWh 3.2 [10] 
cfix,HP pr MW 
(GW/SEA) 

2000/4000  [10]/[16]  
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cvar,peak pr MWh 1020 [10]  
cfix,peak pr MW 0.9 [10]  
cfixed,st pr MWh 8.6 [17]  
cDH,piping pr m  3.7 [11] 

 

Investment cost 
The investment cost, Cinv for each production unit, was based on a cost correlation as given by Eq. 
6.  

Cinv,unit =  cmin  + cvarQ̇capacity (6) 

Where cmin is off-set of the investment, and cvar is the cost per installed capacity. The applied 
cost correlations for the HP was based on the cost correlations developed in [18] and [19] and are 
based on the following elements: the cost of the heat pump, the construction cost, the electricity 
related investment cost, the consulting cost as well as the cost related to the heat source 
connection.  
The investment cost of the storage tank was also based on a cost correlation as given in eq. 6 but 
varies with the volume of the tank.  
The investment cost of the peak boiler only comes with a cost pr. installed capacity (cmin = 0).  
In Table 7 the figures used in the correlations are shown.  
 
The investment cost of the piping needed for the DH network reaching the culture house and as 
well as the piping needed to transport the source of the heat pump is given by eq. 7.  

Cinv,piping =  (cmin  + cvarV̇) ∙ lpipe (7) 
  
Where V̇ is the dimensioning volume flow rate in the pipes given in m3 per hour. The correlation is 
based on the investment cost given for DH in [20].  
 
Table 6: Numbers used in investment cost correlations 

 1000 EUR Reference 
cmin,HP,sea  1823 [18] 
cvar,HP,sea per MW  671 [18]/[16] 
cmin,HP,gw 450 [18] 
cvar,HP,gw pr MW 640 [18] 
cpeak per MW 150 [10] 
cvar,st per m3  0.087 [17] 
cmin,st  205 [17] 
cvar,piping per m3/h/m 0.0031 [20] 
cmin,piping per m3/h/m 0.505 [20] 
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Technical constraints and assumptions  
The system optimization model includes several important interdependencies among the 
elements of the system. The technical constraints and relations that the optimization model works 
within are presented in the following.  
 
The overall energy balance for interaction between the elements of the system in a given hour n 
was calculated as presented in Eq. 8 

Q̇demand,n + Q̇st,char,n − Q̇st,dis,n = Q̇HP,n + Q̇peak,n (8) 

Where Q̇demand is the heat demand, Q̇st.char and Q̇st.dis is the heat charged and discharged from 
the storage, Q̇HP and Q̇peak is the heat delivered from the HP and the peak boiler, respectively.  

This implies that the sum of the heat produced by the HP and the electric peak boiler should fulfill 
the heat demand Q̇demand and the balance of the storage. The balance of the storage can either 
be positive, meaning that the storage is being charged, negative if it is discharged and zero if not 
used for balancing the load for the given hour. The energy balance of the storage itself is given by 
Eq. 9.  

Q̇st,lev,n =  Q̇st,n−1 + Q̇st,char,n − Q̇st,dis,n − Q̇st,lev,n ∙ fst,loss (9) 

Where Q̇st,lev is the amount of stored heat at the given hour, and fst,loss is a loss factor of 0.025% 
taking heat loss in terms of decreasing temperature into account.  

The heat pump capacity Q̇HP, and by that the amount of heat that can be delivered from the heat 
pump at a given hour, was limited by three different constraints, given by eq. 10, 11 and 12.  

Q̇HP,n < Q̇HP,available,n (10) 
Q̇HP,n < Q̇HP,design (11) 

Q̇HP,n > Q̇HP,min,load (12) 
 
The first limitation relates to the dimensioning volume flow rate of the heat source. Interpreted on 
a practical level, this means that the volume flow of the heat source during the year cannot be 
higher, than what pumps and pipes are dimensioned for. Based on this maximum available source 
flow, the corresponding heat output Q̇HP,available, can be calculated with the COP at the given 
hour.  
For this case study, there were no limitations considered for the dimensioning capacity of the heat 
source.  

The second limitation sets the capacity of the heat pump during operation to less than the 
dimensioning capacity of the heat pump Q̇HP,design, while the third gives a minimum 
load, Q̇HP,min,load. This minimum load was given as an input and varied with the heat demand. For 
scenarios with a low heat demand the minimum load was given as 0.25 MW. For scenarios with a 
high heat demand the minimum load was given as 0.4 MW. 



  

43 
 

5 Performance indicators 

Different performance indicators were calculated for each scenario. The system COP was defined 
as the ratio between total heat produced and the total electricity consumption, given be Eq. (10).  

COPsystem =  
Q̇HP + Q̇peak 

ẆHP + Ẇpeak
 

(10) 

The system COP can be used to compare the different scenarios to each other on a technical level.  

For the economic performance both the total annual expenses and the leveled cost of heat was 
used to the compared the different scenarios. The total annual expenses Z was defined as Eq. (1) 
and give by the proportions the same information as the leveled cost of heat (LCOH) given by Eq. 
(11).  

LCOH =  
Z

Qdemand
 (11) 

Where the considered heat Qdemand was the estimated heat demand excluding any loss, as given 
for both scenarios in section 1.3.  

 

The average CO2 emission pr. MWh heat (excl. losses) was assessed based on the emissions of 
electricity consumption, as shown in Eq. (12) 

CO2,AVG =
∑CO2,h(PHP,h + Ppeak,h)

∑Qdemand,h
 

(12) 

Where CO2,h was the historical hourly data of CO2 emissions (kg/MWh) from the electricity 
consumed in region DK2 in 2018 [21].  

6 Results 

In this section, both technical and economic results are presented. The results cover the different 
considered variations regarding choice of heat source, distance to heat source, heat demand and 
supply temperature profile. With a combination of the above variations 12 different cases as 
shown in Table 7 was analyzed. 

Table 7: 12 different cases covered in the analysis. 

 LOW heat demand 
 

HIGH heat demand 
 

Heat source 
type [-] GW GW SW SW SW SW GW GW SW SW SW SW 

Distance to  
heat source  
[m] 

200 200 500 500 1500 1500 200 200 500 500 1500 1500 
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Supply temp 
winter/sum-
mer [℃] 

65-65 75-65 65-65 75-65 65-65 75-65 65-65 75-65 65-65 75-65 65-65 75-65 
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6.1 System with groundwater heat pump  

In Table 8, the dimensioning capacity of the different units is listed. From a low heat demand to 
high heat demand, the needed capacities in general increased, as expected.  

Table 8: dimensioning figures for the system with GW as heat source. 

Groundwater heat pump, Installed capacities and piping dimensions 
 LOW heat demand HIGH heat demand 
DH Temperatures 65/65 75-65/45 65/65 75-65/45 
HP capacity [MW] 1.36 1.38 2.11 2.13 
Peak boiler capacity 
[MW] 0.16 0.10 0.21 0.12 
Storage capacity [MWh] 10.4 17.1 15.0 28.2 
Storage volume [m3] 452 496 652 820 
Volume flow, DH [m3/h] 85.3 57.4 124 83.2 
Volume flow, source 
[m3/h] 146 145 227 223 

 

Within the same heat demand, but different supply temperatures, the following trends were 
noted among the proposed units. 

• The capacity of the heat pump slightly increased for a higher supply temperature. This is 
due to the increased heat losses as given in Table 1.   

• The storage capacity and the peak boiler experienced opposite trends. For an increasing 
supply temperature, the peak boiler decreased in capacity, whereas the storage capacity 
increased. For a higher supply temperature, the storage became a more valuable 
investment to the system, as more energy can be stored per volume.   

• A similar benefit for a higher supply temperature was seen for the needed volume flow of 
the DH piping. Here the flow decreased when shifting from 65-65/45 to 75-65/45.   

• The needed volume flow on the source side stayed nearly constant for both supply 
temperatures. The needed flow is in general correlated with the capacity of the HP, but it is 
also influenced, with opposite trend, by the HP COP. Despite a smaller HP capacity for a 
constant supply temperature of 65 °C, the needed flow increased as the COP of the HP 
increased as shown on Figure 8. 
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Table 9: Calculated investment cost for the system with GW as heat source. 

 

 

 

 

 

 

 

 

From the total investment, it can be seen that within the same heat demand scenario, the 
investment was decreased with a higher supply temperature. The main difference is found in the 
investment cost of the heat pump, the peak boiler and the new DH network. For a high supply 
temperature, the HP cost increased with the capacity. For a lower supply temperature, the cost of 
the peak boiler increased, more than what was gained on a smaller storage. The largest difference 
was found in the DH investment, due to the increased volume flow for a low supply temperature.   

Table 20: total heat production, electricity consumption and system COP. 

Groundwater heat pump, Operation 
 LOW heat demand HIGH heat demand 
DH Temperatures [°C] 65/65 75-65/45 65/65 75-65/45 
HP heat production [GWh] 5.43 5.51 8.23 8.35 
HP Electricity consumption [GWh] 1.35 1.48 2.05 2.24 
Peak boiler Electricity cons./ 
heat production [GWh] 0.0384 0.0238 0.0597 0.0380 
System COP  3.93 3.69 3.92 3.68 

 

From the numbers showing the heat production and the electricity consumption, the total heat 
production differed from the numbers given in Table 1 by the heat loss of the storage.  

Looking at the system COP it is clear that the system for both heat demand scenarios, benefit from 
a lower supply temperature, despite an increased heat production from the peak boiler. The 
increased COP for a low supply temperature was also the main reason for the lower value of total 
O&M and electricity cost per year, as shown in Table 11 below. 

  

Groundwater heat pump, Investment 
 LOW heat demand HIGH heat demand 
DH Temperatures [°C] 65/65 75-65/45 65/65 75-65/45 
HP investment [kEUR] 1,370 1,386 1,850 1,865 
Peak boiler investment 
[kEUR] 23 15 32 19 
Storage investment 
[kEUR] 244 248 261 276 
DH Investment [kEUR] 192 171 222 191 
Heat source piping 
investment [kEUR] 192 191 241 239 
Total investment [kEUR] 2,022 2,010 2,607 2,589 
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Table 31: yearly cost of operation and maintenance, as well as cost of electricity 

Groundwater heat pump, Annual cost of operation and maintenance and electricity 
 LOW heat demand HIGH heat demand 
DH Temperatures [°C] 65/65 75-65/45 65/65 75-65/45 
HP electricity cost [kEUR/yr] 118 128 179 195 
Peak boiler electricity cost [kEUR/yr]  3.50 2.17 5.44 3.44 
HP O&M [kEUR/yr] 20.1 20.4 30.5 30.9 
Peak boiler O&M [kEUR/yr] 0.201 0.131 0.280 0.167 
Storage O&M [kEUR/yr] 0.089 0.147 0.129 0.243 
DH O&M [kEUR/yr] 2.80 2.80 2.80 2.80 
Total O&M and electricity cost 
[kEUR/yr] 145 154 218 233 

 

The total expenses of system per year and the levelized cost of heat are shown in Figure 10 and 
Figure 11 respectively.  
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6.2 System with seawater heat pump  

The results of the analysis with sea water as heat source includes both cases with 500 and 1500 
meters of piping respectively.  

Looking into the dimensioning of the system, the figures are seen in Table 12. 

Table 42: System dimensioning for seawater HP solutions. 

Seawater heat pump (500 m), Installed capacities and piping dimensions 
 LOW heat demand HIGH heat demand 
DH Temperatures [°C] 65/65 75-65/45 65/65 75-65/45 
HP capacity [MW] 1.32 1.33 2.03 2.06 
Peak boiler capacity 
[MW] 0.219 0.203 0.328 0.296 
Storage capacity [MWh] 8.4 10.7 13.8 16.5 
Storage volume [m3] 368 311 601 480 
Volume flow, DH [m3/h] 85.3 57.4 123.7 83.2 
Volume flow, source 
[m3/h] 282 276 433 428 
Seawater heat pump (1500 m), Installed capacities and piping dimensions 
 LOW heat demand HIGH heat demand 
DH Temperatures [°C] 65/65 75-65/45 65/65 75-65/45 
HP capacity [MW] 1.25 1.26 1.94 1.96 
Peak boiler capacity 
[MW] 0.279 0.270 0.414 0.391 
Storage capacity [MWh] 9.70 12.0 14.8 19.3 
Storage volume [m3] 423 350 645 561 
Volume flow, DH [m3/h] 85.3 57.4 123.7 83.2 
Volume flow, source 
[m3/h] 267 261 414 406 

 

The trends seen in the dimensioning within the same scenario for the heat demand (LOW or HIGH) 
was similar for the GW cases.  

Comparing the different HP capacities between 500 meters of piping and 1500 meters of piping 
for both scenarios and supply temperatures, it can be seen that the optimum capacity was lower 
for the case of 1500 meters of piping. Furthermore, comparing HP capacities with the GW cases, it 
can be seen that the capacities decreased for SW as heat source.  

Both trends reflect that when it became more expensive to invest in HP capacity, the benefit of 
the peak boiler and the storage capacity increased.  

In Table 13 the total investment cost, total O&M and electricity cost as well as the system COP for 
sea water HPs are shown. The full tables with investment cost and O&M for all can be seen in the 
additional tables in appendix.  
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Table 53: figures and cost related to operation and maintenance of the system with seawater as heat source. 

Seawater heat pump (500 m), Investment + O&M + electricity cost 
 LOW heat demand HIGH heat demand 
DH Temperatures [°C] 65/65 75-65/45 65/65 75-65/45 
System COP  3.83 3.56 3.81 3.56 
Total Investment cost [kEUR] 2,221 2,186 2,995 2,964 
Total O&M and electricity cost 
[kEUR/yr] 151 162 229 244 
Seawater heat pump (1500 m), Investment + O&M + electricity cost 
 LOW heat demand HIGH heat demand 
DH Temperatures 65/65 75-65/45 65/65 75-65/45 
System COP  3.70 3.45 3.68 3.45 
Total Investment cost [kEUR] 3,410 3,447 4,710 4,643 
Total O&M and electricity cost 
[kEUR/yr] 155 166 235 251 

 

In general, the same trends as described for the GW cases for system COP and cost of the system 
applies to the SW figures.  

However as seen in Table 13 the investment cost increases significantly for the system with 1500 
meters of heat source piping. The main difference was as expected found in the cost related to the 
HS piping, which increased by 190 %. The main difference in the O&M and electricity cost between 
SW with 500 and 1500 meters of piping was the electricity cost of the peak boiler, as this unit 
increased the heat production with 80 % to 100 %.  
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6.3 Total heat expenses, leveled cost of heat and average CO2 emissions.  

The total heat expenses per year for all cases are shown in Figure 10. For each case the 
contribution of the different costs areis shown in percentages. Any percentage values were 
omitted in case the shares were below 2 %.          

 
Figure 20: Total yearly heat expenses for all considered cases. 

In general, the four dominant cost are seen: Heat pump investment, investment cost of the piping 
for the heat source, heat pump O&M, and electricity (fuel) cost to the heat pump. The yearly 
expenses increased with a higher heat demand, as could be expected. Two trends were observed 
from the figures: 1) The GW solutions achieved a lower yearly expense than the seawater 
solutions within the same heat demand. 2) The percentages share of the total expense coming 
from the investment cost, decreased in general, in a comparison between a low and high heat 
demand. This means that the investment cost constitutes a smaller proportion for a high heat 
demand. 

This trend is further shown for the levelized cost of heat in Figure 11. Here it can be seen that the 
levelized cost heat decreases when the heat demand increases and that the reduction is related to 
a decrease in the investment cost.  
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Figure 31: Left scale: Leveled cost of heat divided into share of investment cost, O&M and cost of electricity. Right scale: Averge 
emmision of CO2 pr delivered MWh based on [21]. 
 
Looking into an example of a more detailed composition in Figure 12, it was shown that all 
contributions from the investments are decreased for the scenario with higher heat demand. This 
trend was due to the capacity-based cost correlation, where a large-scale advantage was achieved, 
despite a constant marginal cost.  

The share of electricity cost shown for each case as the red section in Figure 11, stays nearly 
constant for the same case across the heat demand. In Figure 12 it can be seen that more than 
50% of the cost of electricity comes from the tax and fees. This trend was seen for all cases.  

 

Regarding the average emission of kg CO2 from the heat delivered, this follows the trend of 
electricity consumption, meaning that it benefitted from a lower supply temperature and a high 
system COP. Comparing the kg of CO2 emissions with the environmental declaration (2018) of the 
DH in the Greater Copenhagen area [22] a reduction between 14 % and 26 % was achieved.  

Figure 42: Leveled cost of heat. To the left: Low heat demand, 65-65/45. To the right: High heat demand, 65-65/45. 
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7 Discussion  

The analysis relies on many different assumptions of both technical and economic characteristics. 
For this reason, the results and conclusion from the study must be considered as normative. 
However, it is also important to emphasize that the variations in supply temperature, heat 
demand, and heat source serve to illustrate benefits and tradeoffs that can occur when 
dimensioning an island solution including both a heat pump, peak boiler and storage.  

In the following, different aspects of the assumptions made will be discussed.  

The applied cost correlation of the HP investment varied only with the capacity of the heat pump. 
Changing the supply temperatures might also change the required pressure limit of the 
compressor from 60 bar to 50 bar, or even reduced the configuration from a two-stage cycle to a 
one-stage cycle.  Both would decrease the cost related to the investment cost of the 
compressor(s).  

For all cases, it was assumed that the HP, peak boiler and storage can be placed at the area as the 
existing oil boiler. As the investment cost of the source piping relies on the same cost correlation 
as the DH piping, the total investment cost of piping would benefit from a HP location closer to the 
source. This is especially important for cases where the sea was considered as the heat source. 
However, this variation was omitted as it would imply a cost estimation of a new area that should 
be purchased by HOFOR.   

From the economic and technical indicators, it was shown that a decrease in the supply 
temperature increased the performance of the system. As mentioned in Section 2 this change in 
supply temperature will most likely require a high effort of adjustment and investments on the 
consumer side for the existing island network. In order to ensure this benefit, the additional cost 
of lowering the supply temperature from 75 °C to 65 °C in the heating season, should be estimated 
and taking into account.  

Two different aspects that have not been included in this analysis, but should be investigated for a 
possible increase in both the economic and environmental benefits of the system, is the inclusion 
of prosumers in the network and provision of demand flexibility as ancillary service for the power 
system. The inclusion of prosumers refers to the possibility of including surplus heat from industry 
to fulfill the heat demand, as seen in studies with supermarkets [23] [24]. The provision of demand 
flexibility would require a reconstruction of the objective function to include the relevant markets. 
System dimensioning and the technical issues related to flexible operation was addressed by 
Wiebke Meesenburg (DTU MEK) and Tore G. Kjeld (HOFOR A/S) in EnergyLab Nordhavn Work 
packages 5.5b and 5.3. 

8 Conclusion 

This study analyzed how a heat pump solution can supply the expected future heat demand in 
outer Nordhavn in 2023. The analysis covered 12 different cases, with a combination of two 
different scenarios for the heat demand, two different profiles for the supply temperatures, and 
three different configurations of the heat source to the heat pump. The method included a 
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thermodynamic model of the heat pump for COP calculations and an optimization model for 
system dimensioning and minimization of the total yearly expenses.  

The results showed that the solutions with groundwater as heat source for the heat pump, in 
general, achieved the best performance for all indicators. This was mainly due to a high system 
COP and the cheapest investment cost related to the heat source. Regardless of the heat demand 
scenario and the chosen heat source configurations, it was found that the investment cost of the 
system increased with a low supply temperature, due to the increasing volume flow of the DH. 
However, the high investment was counterbalanced by a better system COP and lower cost of 
electricity. The total yearly heat expenses varied between 264 kEUR/yr to 362 kEUR/yr for the six 
cases with a low heat demand and between 372 kEUR/yr and 516 kEUR/yr for the six cases with 
high heat demand. 

The leveled cost of heat for each case revealed a large-scale advantage for the investment cost for 
the cases with a high heat demand. The leveled cost of heat varied between 52.9 EUR/MWh and 
72.7 EUR/MWh for the six cases with a low heat demand and between 49.3 and 68.3 for the six 
cases with high heat demand.  

The average CO2 emission per consumed MWh of heat varied between 59.1 kg/MWh and 68.4 
kg/MWh for all cases, achieving a reduction between 14 % and 26 % compared to the average 
emissions from a consumed MWh of DH in 2018 in the Greater Copenhagen area [22]. The 
emission of CO2 per MWh will decrease in case the emissions from electricity production decrease 
for future operation.   
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Appendix for appendix 3 

Additional tables: Danish figures used in economic optimization 

Table 64: Tax and tariffs for electricity 

Tax [DKK/MWh] Reference  
Transmission fee 
 (TSO + system + 
balance)  

81.63 [1] 

Distribution fee 119.6 [3] 
 

Electricity-to-heat 155 [4] 
Total 356.3  

 

Table 15: Figures used for maintenance cost 

 DKK Reference 
cvar,HP per MWh 23.84 [5] 
cfix,HP per MW 
(GW/SEA) 

14900/29800  [5]/[6]  

cvar,peak per MWh 7600 [5]  
cfix,peak per MW 6.7 [5]  
cfixed,st per MWh 64.1 [14]  
cDH,piping per m  27.8 [7] 

 

Table 76: Numbers used in investment cost correlations 

 1000 DKK Reference 
cmin,HP,sea  1,360,512 [8] 
cvar,HP,sea per MW  4,997,952 [8]/[6] 
cmin,HP,gw 3,723,056 [8] 
cvar,HP,gw pr MW 4,766,436 [8] 
cpeak per MW 1,117,500 [5] 
cvar,st per m3  649.9 [14] 
cmin,st  1,524,158 [14] 
cvar,piping per m3/h/m 23.1 [12] 
cmin,piping per m3/h/m 3762.3 [12] 
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Additional tables: Full tables with results from the system dimensioning and economic figures 
from the cases with sea water as heat source.  

 

 

Seawater heat pump (500), operation 
 LOW heat demand HIGH heat demand 
DH Temperatures [°C] 65/65 75-65/45 65/65 75-65/45 
HP heat production [GWh] 5.39 5.45 8.16 8.27 
HP Electricity consumption 
[GWh] 1.36 1.48 2.06 2.24 
Peak boiler Electricity cons./ 
heat production [GWh] 0.07 0.07 0.12 0.11 
System COP  3.83 3.56 3.81 3.56 

 

Seawater heat pump (500), Annual cost of operation and maintenance and electricity 
HP electricity cost [kEUR] 119 129 180 197 
Peak boiler electricity cost 
[kEUR]  6.20 6.45 10.5 9.18 
HP O&M [kEUR] 22.5 22.7 34.2 34.7 
Peak boiler O&M [kEUR] 0.30 0.28 0.46 0.41 
Storage O&M [kEUR] 0.073 0.092 0.12 0.14 
DH O&M [kEUR] 2.80 2.80 2,799 2,799 
Total O&M and Electricity 151 162 229 244 

 

Seawater heat pump (1500), operation 
 LOW heat demand HIGH heat demand 
DH Temperatures [°C] 65/65 75-65/45 65/65 75-65/45 
HP heat production [GWh] 5.33 5.38 8.07 8.17 
HP Electricity consumption 
[GWh] 1.34 1.46 2.03 2.22 
Peak boiler Electricity cons./ 
heat production [GWh] 0.14 0.14 0.22 0.21 
System COP  3.70 3.45 3.68 3.45 

Seawater heat pump (500), Investment 
 LOW heat demand HIGH heat demand 
DH Temperatures [°C] 65/65 75-65/45 65/65 75-65/45 
HP investment [kEUR] 1,069 1,074 1,543 1,567 
Peak boiler investment 
[kEUR] 33 30 49 44 
Storage investment [kEUR] 237 232 257 246 
DH Investment [kEUR] 192 171 222 191 
HS piping investment 
[kEUR] 690 680 923 916 
Total investment [kEUR] 2,221 2,186 2,995 2,964 
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Seawater heat pump (1500), Annual cost of operation and maintenance and electricity 
HP electricity cost [kEUR] 118 128 179 195 
Peak boiler electricity cost 
[kEUR]  11.9 12.1 18.9 18.2 
HP O&M [kEUR] 22.1 22.3 33.6 34.0 
Peak boiler O&M [kEUR] 0.424 0.417 0.642 0.611 
Storage O&M [kEUR] 0.083 0.104 0.127 0.166 
DH O&M [kEUR] 2.80 2.80 2.80 2.80 
Total O&M and Electricity 155 166 235 251 
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