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Preface 
Energy Lab Nordhavn – New Urban Energy Infrastructures is an exciting project, which will 

continue until the year of 2019. The project uses Copenhagen’s Nordhavn as a full-scale smart city 

energy lab, which main purpose is to do research and to develop and demonstrate future energy 

solutions of renewable energy.  

The goal is to identify the most cost-effective smart energy system, which can contribute to the 

major climate challenges the world are 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 
Energy Lab Nordhavn er et spændende projekt der løber til og med 2019. Projektet foregår 

i Københavns Nordhavn, og vil fungere som et fuldskala storbylaboratorium, der skal undersøge, 

udvikle og demonstrerer løsninger for fremtidens energisystem.  

Målet er at finde fremtidens mest omkostningseffektive energisystem, der desuden 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.     

 
 
 
 
 
 
 
 
 
  

2 
 



  

Project Information 
 
Deliverable no.:  D5.1a 
Deliverable title:  A methodology for how to use buildings´ heat consumption  

data to improve the operation of a district heating network 
WP title:   District heating infrastructure 
Task Leader:  Katarzyna Marta Luc 
WP Leader:  Kristian Honoré 
Comment Period:  19th of March 2018 to 2nd of April 2018 
 
 
For further information on this specific deliverable, please contact: 
 
HOFOR 
Kristian Honoré 
Tel.: +45 27 95 47 26 
E-mail: krih@hofor.dk 
 
 
 
For other information regarding Energy Lab Nordhavn, please contact: 
 
Energy Lab Nordhavn Secretariat 
Center for Electric Power and Energy, DTU Electrical Engineering 
Elektrovej 
Building 325 
DK-2800 Kgs. Lyngby 
Denmark 
 
E-mail eln@dtu.dk 
Tlf. +45 45 25 35 54 
  
www.energylabnordhavn.dk 
 
 
 
 
 
 
 
 
 

3 
 



  

Table of Contents 

1. INTRODUCTION 9 

2. INSTALLATIONS, TOOLS, DATA AND QUALITY 9 

2.1 Geographical location and district heating network 9 

2.2 Main heat meter and building heat meters 11 

2.3 District heating optimization tool “Termis” 12 

2.4 Data collection 12 

2.5 Data quality and limitations 13 

3. DESCRIPTION OF THE INVESTIGATED SCENARIOS 14 

4. ANALYSIS RESULTS 17 

4.1 Reference scenario 17 

4.2 Customer data adaption to main meter data 18 

4.3 Scenarios 20 

4.4 Scenario 1 21 

4.5 Scenario 2 22 

4.6 Scenario 3 23 

4.7 Scenario 4 24 

4.8 Scenario 4b 25 

4.9 Graphic illustration of Scenario 1 - 4b 26 

4.10 Results from scenario 1-4b 26 

4.11 Scenario 5 – 5e 27 

4.12 Results from scenario 5-5e 30 

5. ANALYSIS WITH MODELICA LANGUAGE 30 

5.1 Model description 30 

4 
 



  

5.2 Results 31 
5.2.1 Reference case 31 
5.2.2 Scenario 1 33 
5.2.3 Scenario 2 34 
5.2.4 Scenario 3 35 
5.2.5 Scenario 4 36 
5.2.6 Scenario 5 38 

6. FINANCIAL EVALUATION AND SELECTED SCENARIOS 42 

7. CONCLUSIONS AND DISCUSSION 45 

8. PROSPECTIVE WORK 46 

 
  

5 
 



  

Executive Summary 
 
In this report, HOFOR has investigated a methodology for optimizing the operation of a 
district heating network by adding customer heat consumption data into the existing 
optimization system. 
 
HOFOR is working with Termis as the tool for optimizing the operation of the network, but 
have also asked DTU to look at a different optimization tool for comparison and 
benchmarking of the results. 
 
DTU has introduced and used Modelica as the alternative optimization system. It seems 
that Modelica is a more generic and flexible energy modelling system and works with both 
centralized and de-centralized energy production systems, which is of interest to HOFOR 
in the future integrated and more de-centralized energy system. 
 
DTU has by using Modelica found identical results as from HOFOR´s existing tool Termis 
and thereby the results from using buildings´ heat consumption data are validated. 
 
Optimization of the district heating network based on customer data comes at a very low 
cost and can have a large impact on the efficiency of the system as well as illustrate the 
business case for HOFOR of optimizing the poorest performing customers district heating 
centrals. 
 
However, the optimization potential can only be realized if the customer heat consumption 
data is used for physical follow-up at the customers and optimizing and/or correcting the 
operation of their heating centrals. 
 
The limit for optimizing the operation of a district heating network starts and ends at the 
customer. 
 
In the report, we have looked into several different scenarios for optimization of the district 
heating network at Århusgade in Nordhavn.  
 
By comparing the optimized scenarios with the reference, we calculated the energy saving 
potential from optimizing the customers heating centrals. 
 
In scenarios 1-4b it is documented that by correcting the poor operation of the district 
heating substations into the standard expected operation mode of similar types of district 
heating substations there is a huge energy saving to be gained in the optimization of the 
district heating network. 
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Starting with the poorest and largest heating centrals in the Århusgade network, we will 
theoretically be able to reduce the energy consumption, due to lower heat loss in the 
network by up to 9% when all customers are performing optimally and according to 
HOFOR´s terms of delivery. 
 
The 9% lower heat loss will, as a comparison, in a network at the size of Østerbro provide 
an impressive annual saving of appx. 1.300.000 DKK in reduced heat loss and it even 
brings additionally appx. 500.000 DKK if the value of the lowered return temperature 
reached the flue gas condenser at the production plant.  
 
The total value of optimizing the operation of the district heating substations in Østerbro is 
then appx. 1.800.000 DKK in improved operation and lower return temperatures from the 
district heating network.   
 
We have also in scenarios 5-5e looked into the operation and optimization potential of the 
network in situations where morning and afternoon peaks at 3 large customers in the 
Århusgade network are limited or completely removed.  
 
This analysis documents a total network peak load reduction of between 6% - 16% 
depending on the peak load shifting method applied for the only 3 largest buildings 
included in the network. The potential for shifting the peak load demand is of course much 
higher if all customers are to be included in the analysis. 
 
By implementing the methodologies described in this report, it is possible to calculate and 
demonstrate significant financial value from improving and optimizing the operation of the 
customers’ heating centrals for the benefit of the overall operation of the district heating 
network.  
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1. Introduction 
 

Today, most major buildings in the HOFOR district heating network have remote meters 

reading the heat consumption. In addition, the district heating network is equipped with 

online meters (both wireless and wired meters are used) at major supply points to ensure 

its efficient operation. However, the customer data and the district heating network data 

are not integrated with each other. 

 

In theory, integration of some building data to the district heating system may allow further 

improvement of its operation. In this analysis, the possible impact of improvements in 

operation of individual buildings and their contribution to the operation of the district 

heating network is investigated.  

 

The report is based on results generated on an off-line Termis model with historic data. It 

is also possible to operate and optimize Termis in an on-line model, but this will be very 

expensive, since data communication and handling come at a cost. The off-line model will 

be used to identify the level of detail, which yields the optimum balance between costs and 

benefits of district heating network optimization based on the integration of customer data. 

 

In the following, we will demonstrate the optimization possible by using customer data as 

input to the optimization of the district heating network in both Termis and Modelica. 

 
2. Installations, tools, data and quality 
 
2.1 Geographical location and district heating network 
The area investigated in the study is located in the area of Århusgade in Nordhavn, 

Copenhagen. It is a part of a larger city development project and the majority of buildings 

are either new or extensively renovated. The investigated distribution grid is a part of the 

Greater Copenhagen’s district heating system.  

 

Please find below a map of the district heating network in and around Nordhavn as well as 

a map only for the network in Århusgade being optimized in the report. At the entry of 

Århusgade a heat meter for measuring the energy in the network is installed. 
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Figure 1: District heating network in and around Nordhavn, Copenhagen 

 
Figure 2: Map of district heating network in Århusgade area, Nordhavn, Copenhagen 
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2.2 Main heat meter and building heat meters 
HOFOR has mounted a main heat meter at the entrance of Århusgade to be able to 

measure all the energy flowing in and out. The main heat meter in figure 3 measures water 

flow, temperature and pressure in supply pipe and return pipe. The nominal flow that can 

be measured by the meter is 400 m3/h. The temperature is measured with the precision of 

± 0,1 °C. The data is measured continuously and stored in a sql database on hourly basis. 

 

 
Figure 3: Main heat meter at the entrance of Århusgade, Nordhavn 

 

 
Figure 4: Example of buildings heat meter in Århusgade, Nordhavn  
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All customers in the area and their heating centrals are equipped with electronic heat 

meters for remote metering of flow, energy and temperatures. Furthermore, HOFOR has 

mounted 2 pressure transmitters at the customer with the longest distance to the main 

heat meter for monitoring of the differential pressure and calculation of pressure losses in 

the Århusgade network. 

The nominal flow that can be measured by the heat meters in Nordhavn is variable 

depending on the expected demand, but until now, the maximal value is 80 m3/h. The 

measurements from the customer heat meters are also collected every hour and stored in 

a sql database  
 

2.3 District heating optimization tool “Termis” 
TERMIS is a commercial software originally developed by 7 Technologies and now owned 

and sold by Schneider Electric. Termis can be used for design, operation and energy 

planning of a district heating network. It simulates the hydraulic and thermal conditions in 

a district heating network and is capable of performing both steady state and dynamic 

simulations. It can operate either in offline mode or in real-time mode for operation and 

temperature optimization of the district heating network.  

In this report, Termis is used as an offline model, for a chosen historical period we have 

investigated and concluded on.  

 
2.4 Data collection 
The customers, which demand data were used as inputs in the model are marked with red 

circles in the area map in figure 5 below. All active customers in the network are used in 

the optimization model, however some of the smaller customers like the 30 row houses in 

“Frikvarteret” (Kielgade, Rostockgade, Sassnitzgade and Helsinkigade) are aggregated 

into just 6 customers (see below), as their heat consumption is very low and has a limited 

influence on the optimization of the network. 
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Figure 5: Area map of buildings in Århusgade with heat meters marked with red circles. 
 
2.5 Data quality and limitations 
As mentioned previously, the data used in the investigation were collected for a week and 

the data readings occurred every hour. During the period in question, there was no 

interruption in data collection neither in any of the buildings, nor in the area heat meter.  

 

While this data set can be considered representative for the heating season, it does not 

provide information on the grid and building operation during the summer season, when 

the heat demand is dominated by domestic hot water preparation. Therefore, the results of 

the investigation are not necessarily applicable to the summer season, and have to be 

analysed during the coming summer season. 

 

Additionally, at the time of the analysis, the reasons causing the sudden increase in heat 

use at 10 p.m. on Sunday in five of the buildings was not known and cannot be fully 

explained. However, we assume it is related to some local supply issues, as we have seen 
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this behaviour in heat demand neither before nor after our monitoring period. Please see 

below some examples of the data used for the optimization of the district heating system.  

 

Example of time series of data 

 
Figure 6: Data from 3 heat meters in 3 buildings in Århusgade, Nordhavn  

 
3. Description of the investigated scenarios 

  
The measurements made in the individual buildings were analysed with focus on their 

demand profile and return temperature. Based on the analysis, six scenarios regarding 

possible improvements were proposed. For the reference scenario, actual measurement 

data were used as input. 

 

The suggested changes in return temperature levels were based on HOFOR’s “Technical 

Requirements”. The required maximum return temperature in the heating season is 50 ºC 

for buildings with substations installed or significantly renovated before 1997, 45 ºC for 

buildings with substations installed between 1997 and 2016 and 40 ºC  for buildings with 

substations in 2016 and later. 

 

The reference scenario and additionally six scenarios analysed in the study are described 

below. 

14 
 



  

Reference scenario   
Customer data were used as raw inputs for the given period. Heat meter data from the 

customers are collected for the period Wednesday, October 25th – Wednesday, November 

1st on hourly basis. The measured thermal effect and return temperature were used as 

customer inputs in the model, while supply temperature was used as the input from the 

main heat meter at the entrance of Århusgade. Heat loss, pressure loss and other 

hydraulic conditions in the system were calculated with the chosen software – Termis.       

 

The outdoor temperature for the chosen period is illustrated in the graph below with hours 

for the week on the x-axis and outdoor temperature on the y-axis.   

 

 
Figure 6: Outdoor temperature in the analysed period from Oct. 25th – Nov. 1st, 2017 
 
Customer data adaption to main meter data   
To make the network optimizations in the offline version of Termis it is necessary to adapt 
the customer data to fit the measured data in the main meter, which is used as boundary 
condition for the given period.  
 
For the below scenarios various manual corrections of customer data are done to calculate 
the possible optimization results when compared to the reference scenario. 
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Scenario 1  
The malfunction (unnaturally high return temperature) at the customer having the highest 
return temperature (above 65 ºC) was lowered, so it does not exceed 50 ºC. Such a 
change in the input data reflects an adjustment of the substation control system to fulfil the 
conditions set in “HOFOR´s Standard Technical Requirements” 
 
Scenario 2  
The earlier mentioned malfunction in scenario 1 is further improved to a level, where the 
return temperature does not exceed 40 ºC, which fulfills the requirements stated in 
HOFORs “Technical Requirements”. Moreover, the return temperature is also reduced to a 
level of maximum 40 ºC at the customer with highest heat demand. 
 
Scenario 3   
Scenario 3 is an add-on to scenario 2, where customers with second and third highest 
heat demand also had their return temperature reduced to maximum 40 ºC.  
 
Scenario 4  
Scenario 4 further extends scenarios 2 and 3. In Scenario 4 the return temperature is 
reduced to maximum 40 ºC for all customers with average heat demand above 50 kW in 
the given period. There are 12 such customers in the analysed area. 
 
Scenario 4b  
In this Scenario all customers’ return temperatures were reduced to a maximum of 40 ºC. 
 
Scenario 5   
The peak demand in the three buildings with highest heat demand was moved to the off-
peak period. Practically it can be fulfilled by partially closing (requires remote controlling of 
customer heat equipment) their heat equipment for two hours. When opened again, it was 
assumed that it would take the following three hours to get the “lost” heat back.   
 
Scenario 5b   
The peak demand in the three largest heat demanding buildings mentioned above is 
removed by a total closure of their heat equipment. They got the “lost” heat back in the 
following three hours. 
 
Scenario 5c   
In this scenario the heat demand at the customer with the largest heat demand was 
levelled out, so the heat demand was equal to the average in all hours in the given period. 
This aims to simulate that the nightly shutdown of the ventilation equipment was forbidden, 

16 
 



  

because it is ruining the district heating network, when the customer need the “lost” heat 
back in the early morning.  
 
Scenario 5d 
The peak demand in the three largest heat demanding buildings mentioned above is 
removed by a total closure of their heat equipment. They got the “lost” heat back in the 
following six hours to avoid a new rebound peak load demand like seen in scenario 5b.   
 
Scenario 5e 
The peak demand in the three largest heat demanding buildings was reduced to 50 % and 
the “lost” heat was given back during a period of 6 hours after the former peak period. 
 
4. Analysis results  
Scenarios proposed above were modelled and their results compared against the 
reference scenario. The main basis for comparison was the resulting flow in the local 
district heating network of Århusgade. 
 
4.1  Reference scenario 
The results from the reference scenario (time series for all connected customers are used 
as inputs in the model) are illustrated as thermal effect and temperature profiles calculated 
at the entrance to Århusgade.  
 
Below graph shows the reference scenario having time in days on the x-axis and thermal 
power in kW on y-axis. 

 
Figure 7: Reference scenario for time in days and thermal power in kW  
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Figure 8: Reference scenario for time in days and supply and return temperatures in ºC 
from the district heating network 
 
The peaks in heat demand on working days (large peak in the morning and small peak in 
the evening) are easy to identify, as well as the increased district heating supply 
temperature due to the decreasing outdoor temperature.    
 
4.2 Customer data adaption to main meter data 
The next below graph illustrates that the measured thermal capacity in the main meter 
(used as boundary condition in the scenario) almost seems to be a true copy of the former 
graph, where the thermal capacity was calculated from customer data.  
 
This proves that measurements are valid, both at the customers and at the main heat 
meter.  
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Figure 9: Customer data adaptation scenario for time in days and thermal power in kW 
 
The measured return temperature from the area is also very close to the calculated, which 
further strengthens the former statement considering the validity of measurements used in 
the investigation.   

 
Figure 10: Measured customer data adaptation scenario for return temperature in ºC from 
the district heating network 
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4.3 Scenarios 
 

 
Figure 11: Scenarios 
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4.4 Scenario 1 
By partially fixing the problem with high return temperature at one specific customer (the 
return temperature were reduced from appx. 70 ºC to 50 ºC), the mass flow (ton/h) to the 
area was reduced as illustrated in figure 11 below. 
 

 
Figure 12: Released capacity in the network in ton/h for the reference and scenario 1 
 
The average mass flow in Scenario 1 is 0.463 ton/h lower than in the reference scenario.  
This improvement could be used to reduce the supply temperature to the area. 
Alternatively, the improvement can be used to save pump electricity. The difference in 
ton/h between scenario 1 and the reference is higher in the first 30 hours due to a 
temporary higher return temperature from the building in the initial period.  
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4.5 Scenario 2 
Further reduction of the maximum return temperature at the above mentioned customer to 
40 ºC as well as at the largest customer in the area decreases the average flow in the 
network by 0,833 ton/h compared to the reference. The results are illustrated in the 
following graph.  
 

  
Figure 13: Released capacity in the network in ton/h for the reference and scenario 2 
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4.6 Scenario 3 
By reducing the return temperature at two additional major customers, the average flow 
decreases by 0,999 ton/h compared to the Reference. The result is illustrated graphically 
below. The difference between Scenario 2 and Scenario 3 is not significant. This is 
because the return temperature from the second and third largest consumers in the area is 
already close to 40 °C, so the decrease does not result in a large change in mass flow.  
 

   
Figure 14: Released capacity in the network in ton/h for the reference and scenario 3 
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4.7 Scenario 4 
By reducing the return temperature to 40 ºC for the 12 customers with an average heat 
demand above 50 kW, the average reduction in the mass flow is 1,63 ton/h compared to 
the Reference. This is illustrated graphically below. It can be seen, as expected, that it 
results also in decreased peak heat demand. The peak mass flows in 128th and 152nd hour 
decreased from 49 to 45 ton/h and from 48 to 44 ton/h, respectively.  
 

 
Figure 15: Released capacity in the network in ton/h for the reference and scenario 4 
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4.8 Scenario 4b 
By reducing the return temperature to 40 ºC for all customers, the average reduction in 
mass flow was 3,06 ton/h. This is illustrated graphically below. 
 

  
Figure 16: Released capacity in the network in ton/h for the reference and scenario 4b 
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4.9 Graphic illustration of Scenario 1 - 4b 
In the following graph the amount of released flow (ton/h) in all five scenarios on hourly 
basis were compared to the reference. 
 

 
Figure 17: Released capacity in the network in ton/h for the reference and the 5 scenarios 
 
4.10 Results from scenario 1-4b 
The optimization of the heating centrals and their performance show a major improvement 
potential for the optimization and operation of the district heating network, and especially 
in periods with peaks and high heat demands in general. 
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4.11 Scenario 5 – 5e 
The peak demand of the system was reduced using five different approaches, all including 
remote control of the heat equipment at the three biggest customer (in Scenario 5c only 
the largest energy demanding building was changed). In the following graphs the different 
approaches were compared to the reference case. 
 

  
Figure 18: Released capacity in the network in ton/h for the reference and scenario 5 
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Figure 19: Released capacity in the network in ton/h for the reference and scenario 5b 
 

 
Figure 20: Released capacity in the network in ton/h for the reference and scenario 5c 
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Figure 21: Released capacity in the network in ton/h for the reference and scenario 5d 
 

 
Figure 22: Released capacity in the network in ton/h for the reference and scenario 5e 
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4.12 Results from scenario 5-5e 
 
The preferable approach seems to be the one used in Scenario 5e, were 50% of the peak 
demand of the three largest customers, was reduced and released again in the following 6 
hours.  
 
This approach reduced the peak demands significantly and at the same time there was no 
rebound effect due to the release of the lost heating over 6 hours.    
 
5. Analysis with Modelica Language  
Beside the investigation in Termis, a parallel analysis was done using a model built in 
Modelica language. Modelica is an object-oriented, multi-domain modelling language for 
component-oriented modelling. It is domain neutral and allows for modelling of systems 
containing different mechanical, electrical, electronic, hydraulic, thermal, control, electric 
power or process-oriented subcomponents.  
 
Thanks to its characteristics, Modelica is well suited to system-level simulation. In the 
context of energy system modelling, it makes it possible to include different production 
technologies, different forms of energy as well as consumers in a single model. 
 
The goal of this additional analysis was to replicate the Termis model in a different 
environment. Because of this, both the buildings and the entrance point to the area were 
used as boundary conditions for the modelled network and not modelled in detail. 
 
5.1 Model description 
The model of the district heating network was built also using Modelica in Dymola 
environment, using components from Modelica Standard Library (MSL), Buildings library 
and IBPSA library. All of the libraries used are open source libraries.  
 
In place of the heating plant used in Termis, a component that sets the temperature of the 
leaving medium to the value given by the input was used. The supply temperatures used 
in the simulation were identical with the temperatures used in the Termis simulation and 
are shown in Figure 8.  
 
For the buildings, the return temperature from the building and the mass flow through the 
building’s heat exchanger were used as an input. To keep the input data consistent 
between the Termis and Modelica investigation, the mass flow used as an input for 
Modelica model was calculated based on the thermal power delivered to the buildings 
used as input in Termis. As the buildings were treated as boundary conditions, no actual 
building model reflecting the behaviour of the building was modelled. 
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The component used for modelling pipes in the network comes from the IBPSA library and 
includes both thermal losses time delay in fluid transport and is applicable for simulation of 
long pipes such as in district heating systems. The detailed description of the component 
is available in the paper “Dynamic equation-based thermo-hydraulic pipe model for district 
heating and cooling systems” by B. van der Heijde et al. The diameters, lengths and 
thermal properties of the pipes used were identical to Termis.   
 
5.2 Results  
The scenarios investigated using the Modelica model were the same as in the main 
Termis model and are described in section 3. In general, the results obtained in Modelica 
correspond closely to the results from Termis and indicate the same trends.  
 
5.2.1 Reference case 
The reference case was used also for model validation. The results for the reference case 
as compared to the measured values are shown in the figure 23 and figure 24.  
 

 
Figure 23: Comparison between measurements and simulations for the reference case in 
kW 
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Figure 24: Comparison between measurements and simulations for the reference case in 
ton/h 
 
It was concluded, that the simulation results match the measurements adequately and the 
model can be used in further scenario investigation. One of the obvious reasons for the 
differences between the results is the simplified method used for calculating the flows in 
case of Modelica model, where the calculating of the mass flow, the temperature 
difference between the area supply, and return from individual buildings were used 
(instead of the difference between the supply and return temperature from individual 
buildings). This led to a slight underestimation of the mass flows.  
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5.2.2 Scenario 1 
The difference between the average mass flow in the Reference case and Scenario 1 in 
the investigated period is here 0.373 ton/h, compared to 0.463 ton/h in the Termis results. 
It can also be seen, that the difference between the flow change in the first day and the 
rest of the period is less pronounced than in Termis results.   
 

 
Figure 25: Released capacity in the network in ton/h for the reference and scenario 1 
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5.2.3 Scenario 2 
The difference between the average mass flow in the Reference case and Scenario 2 is 
here 0.716 ton/h, compared to 0,833 ton/h in the Termis results. 
 

 
Figure 26: Released capacity in the network in ton/h for the reference and scenario 2 
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5.2.4 Scenario 3 
The difference between the average mass flow in the Reference case and Scenario 3 is 
here 0.879 ton/h, compared to 0,999 ton/h in the Termis results. 
 

 
Figure 27: Released capacity in the network in ton/h for the reference and scenario 3 
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5.2.5 Scenario 4 
The difference between the average mass flow in the Reference case and Scenario 4a is 
here 1.49 ton/h, compared to 1.63 ton/h in the Termis results and 2.80 ton/h compared to 
3.06 for Scenario 4b.  
 

 
Figure 28: Released capacity in the network in ton/h for the reference and scenario 4a 
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Figure 29: Released capacity in the network in ton/h for the reference and scenario 4b 
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5.2.6 Scenario 5 
For scenarios from 5a to 5e, the results also correspond well to results from Termis - the 
preferable approach here is again the one used in Scenario 5e. 
 

 
Figure 30: Released capacity in the network in ton/h for the reference and scenario 5a 
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Figure 31: Released capacity in the network in ton/h for the reference and scenario 5b 
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Figure 32: Released capacity in the network in ton/h for the reference and scenario 5c 
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Figure 33: Released capacity in the network in ton/h for the reference and scenario 5d 
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Figure 34: Released capacity in the network in ton/h for the reference and scenario 5e 
 
The above results from Modelica correspond well to the results obtained in Termis and 
lead to similar conclusions, and thus also serves as a validation of the calculations and 
results.  
 
6. Financial evaluation and selected scenarios 
 
Scenario 4b:  
The customer’s heat equipment was improved until the return temperature was reduced to 
maximum 40 ºC and thereby in-line with the technical delivery and supply conditions of 
HOFOR.  
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assumed that the grid temperatures (supply and return) in the given period were 
representative for the situation during the annual operation. This is of course an estimate 
and a compromise, to be further verified in the future activities at HOFOR within this field.   
The calculated annual heat loss difference is:  

8 760 ℎ ∙ (59.2 𝑘𝑘𝑘𝑘 − 54.4 𝑘𝑘𝑘𝑘) ∙ 0,001 𝑀𝑀𝑀𝑀/𝑘𝑘𝑘𝑘 = 42 𝑀𝑀𝑀𝑀ℎ 
 
Using an average heat cost of 450 DKK/MWh, the reduction of heat loss in the network 
results in a yearly saving of appx. 19.000 DKK for the relatively small grid in the 
Århusgade area. 
 
If we assume that the same improvement would be implemented in the large neighbouring 
grid (the district heating network of Østerbro), the yearly savings due to reduced heat loss 
would be much greater. The heat demand in the Østerbro network is approximately 70 
times greater than in the Århusgade grid. With the assumption that the building density is 
at the same level in both areas, the scaling factor of 70 could be used when estimating the 
potential yearly saving in the larger Østerbro grid.  
 
Potential yearly saving due to reduced heat loss in the grid of Østerbro:  

19 000 𝐷𝐷𝐷𝐷𝐷𝐷 ∙ 70 = 𝟏𝟏 𝟑𝟑𝟑𝟑𝟑𝟑 𝟎𝟎𝟎𝟎𝟎𝟎 𝑫𝑫𝑫𝑫𝑫𝑫 
 
Moreover, reducing the return temperature by 4 ºC, results in an extra saving due to better 
use of the fuel in the new combined power and heat plant in Copenhagen (the new plant 
will be equipped with a flue gas condenser).  
 
The heat demand of Østerbro is approximately 12 % of the heat demand of Copenhagen. 
This means that a reduction by 4 ºC at Østerbro grid will only be noticed as a reduction 
with approximately 0,5 ºC at the condenser. The return temperature in the old grids of 
Copenhagen (like Østerbro) is typically around 50 ºC, so the estimated extra saving will 
correspond to a reduction from 50 to 49.5 ºC at the condenser.  
 
The reduction of return temperature by 0.5 ºC to 49.5 ºC releases approximately 0.2 MW 
of heat. If the plant is running 8 months per year, the amount of released heat is 1.168 
MWh, what at the average cost of 450 DKK/MWh gives a yearly saving of another 500.000 
DKK.  
 
The reduction of the supply temperature would potentially add an extra value if the grid 
was directly connected to the plant (it would be possible to let the turbine produce more 
electricity using the same amount of fuel (higher electricity efficiency)). The distribution 
grids in Copenhagen are typically connected to heat exchangers, which transfer heat from 
the high-pressure transmission system to the distribution grids. The supply temperature in 
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the high-pressure system is set from the over-all hydraulic condition and therefore the 
reduction of the supply temperature in a distribution grid will not have any influence on the 
supply temperature in the high-pressure system.                  
 
The annual saving applying a method similar to Scenario 4b in Århusgade at the 
grid of Østerbro is estimated to 1.800.000 kr. 
 
Scenario 5e:  
The potential value of moving 50% of the heat demand in the morning peaks (typically 
lasting 2 hours, but sometimes more) at the three largest customers was estimated. It was 
assumed that the shifted energy consumption is then distributed over the following 6 
hours. The benefit from this procedure comes from the assumption that heat production is 
cheaper in the hours following the morning peak than in the morning peak itself, when the 
over-all load is significantly higher, due to the need to start the more expensive peak load 
boiler units. 
 
The difference in cost between the peak load in the mornings and the following hours 
varies a lot over the year, depending on what heat production technologies are in use.  
 
The amount of energy that is moved from the morning peaks on weekdays to the later 
period in Scenario 5e being the most optimum is illustrated in the figure 35 below. 
 

 
Figure 35: Moved energy in kWh and % in morning peak load hours 
 

Date kW Moved kW Total % moved
25-10-2017 06:00 90 776 12

07:00 90 909 10
08:00 107 1186 9
09:00 108 997 11

26-10-2017 06:00 100 1083 9
07:00 95 1139 8
08:00 218 1328 16
09:00 111 1219 9

27-10-2017 06:00 90 1061 8
07:00 90 1185 8
08:00 200 1376 15
09:00 106 1320 8

30-10-2017 06:00 110 1409 8
07:00 110 1494 7
08:00 266 1888 14
09:00 263 1707 15

31-10-2017 07:00 100 1587 6
08:00 276 1827 15
09:00 233 1560 15
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If, in the long term, it would be possible to control customers’ heating centrals, the potential 
financial value could be divided in three parts: 
 

• Reduction of variable cost at the production units 
• Reduction of investment in production capacity (moving of 1 MW maximum heat 

load could theoretically lead to a saving of 1 MW investment in peak load boiler 
(comes with an estimated cost at 1 mio. DKK)) 

• Decreased hydraulic problems in the network  
 
It is difficult to estimate the potential savings that may be obtained through load shifting in 
the whole Århusgade area. The concept and a possible rollout should be a part of the 
long-term plan for Nordhavn and Copenhagen’s district heating network.     
 
7. Conclusions and Discussion 
The aim of the report was to demonstrate a methodology for how buildings´ heat 
consumption data can be used to improve the operation of a district heating network. 
  
The measurements have shown that in all of the analysed buildings, the return 
temperature from the buildings at least periodically exceeded the accepted 40 ºC in 
HOFOR’s general terms of supply.  
 
This indicates that there is still possibility for improving the operation of the district heating 
system through optimization of the buildings heating centrals.  
 
Moreover, with a total average return temperature from the Århusgade area of 40.2 ºC in 
the investigated period, the area has a lower return temperature than the average of 
Copenhagen. Thus, possible gains from such improvements in the other parts of the 
district heating system can be greater. 
 
By scaling the results in scenario 4b from Århusgade into the network of Østerbro it will 
provide an impressive annual saving of appx. 1.300.000 DKK in reduced heat loss and 
even bring additionally appx. 500.000 DKK if the value of the lowered return temperature 
reached the flue gas condenser at the production plant and thereby bring the total value of 
1.800.000 DKK to the district heating system by having all customers operating their 
heating centrals according to HOFOR’s standard terms of delivery.   
  
The results also show that a few large customers, responsible for a significant share of the 
energy use in a local network, can heavily influence the operation of the network.  
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In the case of the analysed area in Århusgade this could be seen in the results from 
different variants of Scenario 5, where decreasing or removing energy use during peak 
load hours by 3 large buildings led to significant reduction in the overall peak demand of 
the network.  
 
The analysis documented a total network peak load reduction of between 6% - 16% 
depending on the load shifting method applied for the 3 largest buildings included in the 
concept. 
 
It was also shown that both the Termis and the Modelica models are applicable tools for 
such an investigation. Using the Modelica model requires careful consideration of the 
goals of the analysis at the stage of building the model. However, in contrast to Termis, 
Modelica allow for modelling integrated energy systems, which will be important in the 
future integrated energy system. 
 
In Modelica it is possible to include different local production technologies, such as supply 
from the district heating grid, local heat pumps, solar collectors etc. It is also potentially 
possible to model active behaviour of the buildings; instead of consider buildings as a 
boundary condition for the system, the way it is done in Termis. 
 
8. Prospective work 
 
HOFOR will, partly based on the results from this report work for and also require better 
performing heating centrals at our customers. 
 
The energy saving potential at the customers and in the system is large and have been 
calculated and demonstrated – at least in theory – in this report. Further benefits can be 
obtained by utilizing the customers in a more flexible way and thereby reduce peak load 
demand and production. 
 
HOFOR will in the Århusgade network during 2018 be able to validate the calculated 
results of both Termis and Modelica by optimizing the real life operation of the customers 
heating centrals and by monitoring the results via the remote heat meters installed. 
 
Both the Termis and the Modelica tools can document and illustrate the benefits and the 
energy saving potential from optimizing the operation of the district heating network. But 
with the flexibility of the Modelica tool HOFOR should consider it as an alternative for 
optimization of the future integrated and de-centralized energy system. 
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