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Introduction 

Urban areas emit up to 70% of greenhouse gas 
worldwide (UN, 2011). Aware of this 
problem, many cities are taking the initiative 
to reduce the use of fossil fuels and increase 
energy efficiency. By 2025 Copenhagen is 
planning to become CO2-neutral (The City of 
Copenhagen, 2012). The development of a 
seafront district called Nordhavnen, 
accomodating 40.000 residents and 40.000 
workplaces, will allow new investments 
towards sustainability. This study examines 
three integrated heat and electricity system 
scenarios for Nordhavnen by modelling the 
area as part of Copenhagen and Denmark, 
using investment optimization tool Balmorel. 
The selected alternatives are: extension of 
Copenhagen's district heating network to 
supply Nordhavnen, individual ground-source 
heat pumps and a large seawater heat pump. 
The assessment focuses on investment cost, 
total operation and maintenance (O&M) cost, 
fuel cost and CO2 emissions in years 2022 and 
2031, which are 2nd and 3rd (last) development 
phases in Nordhavnen. 
 
 

Fig.2 Nordhavnen from the air (Esri et al., 2015) 

Research question 
Choosing from modelled scenarios, which 
option for energy mix in Nordhavnen is most 
preferable from a socio-economic system 
cost perspective?  
 

 
 
 

Methods 
 
 

Results 
As Fig.3 depicts, both ground-source and 
seawater heat pump scenario emit no CO2 

(under assumption of using electricity based 
on renewables). The ground-source heat pump 
scenario results in lowest investment (Fig. 4) 
and O&M (fig. 5) costs. These costs are much 
higher for district heating, which is due to high 
capital cost of expansion and costs of CHPs 
built in Copenhagen to cover Nordhavnen’s 
supply. Fuel costs for both heat pump 
scenarios are zero (electricity is considered 
a“free” fuel in the model). 
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Conclusions & further work 
From a socio-economic perspective (4% 
interest rate and excluding taxes) the 
optimal, least expensive scenario is the 
individual ground-source heat pump one. 
Assuming that the heat pumps use 
renewables-based electricity, this scenario 
also results in no CO2 emissions. These 
outcomes will be examined further and 
extended by sensitivity analyses focusing on 
assumptions such as e.g.  future heat demand 
in Nordhavnen, district heating expansion 
costs, COP of heat pumps and varying 
technology prices.  

Fig.6 Fuel costs (million euro) in Nordhavnen for each scenario in 2022 
and 2031  

Fig.4 Investment costs  (million euro) in Nordhavnen for each scenario in 
2022 and 2031  

Fig.5 Operation and maintenance (O&M) costs (million euro) in 
Nordhavnen for each scenario in 2022 and 2031  

Fig.3 CO2 emissions (kt) in Nordhavnen for each scenario in 2022 and 2031  

Fig.1 Assumed heat demand for future buildings in Nordhavnen 
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