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Preface 
EnergyLab Nordhavn – New Urban Energy Infrastructures is an exciting project which will continue 

until the year of 2019. The project will use 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 
EnergyLab Nordhavn er et spændende projekt der løber til og med 2019. Projektet vil foregå 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.     
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1. Executive summary 
 
In this report a new capacity limitation functionality for domestic hot water (DHW) tanks is 
tested in a new building in Nordhavn to identify the potential for reducing peak load, lower 
return temperatures and utilize thermal flexibility of the stored hot water in the DHW tanks. 
 
The results show that the capacity limitation functionality works very fine in a new building 
and reduces both peak load during morning situations as well as in average lowers the 
return temperatures, and furthermore provides thermal flexibility both in energy and time 
for the district heating (DH) system. 
 
Key results for the specific building is: 

- Peak load from the DHW tank is reduced from appx. 70-80 kW to 25 kW without 
compromising comfort or safety 

- Much lower return temperatures during peak load hours and in average appx. 10°C 
lower return temperature from the DHW tank circuit 

- Utilization of the short term heat storage in the DHW tank by allowing a more 
dynamic situation in the tank temperature from 55°C down to 45°C in very short 
peak load situations  

The new capacity limitation of the DHW tank will be an enabler for reducing fossil peak 
load production as well as for low temperature DH produced by renewable energy such as 
heat pumps. 
 
The capacity limitation functionality can be improved by adding an extra sensor as well as 
some new settings in the Danfoss ECL controller and thereby even further lower return 
temperatures and also provide added security of supply by having a fall back setting in 
case of too low temperatures in the DHW tank. These improvements are covered in the 
parts of the report concerning design, modelling and analyzing of a new and improved 
capacity limitation functionality. 
 
The activities in T5.4c are aimed at demonstrating feasible installations and better control 
strategies for DHW tanks and the reporting has been split in 2 parts. D5.4c (i) addressing 
new buildings and D5.4c (ii) addressing old buildings, as the results and type of concept 
differ significantly. 
 

2. Introduction 
 
The DHW storage tank solution is the most common solution for DHW production in 
buildings in Copenhagen. 
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Due to typical oversizing in the design phase and corresponding difficult control, the return 
temperature of the tank solution is often too high as the current charging method and 
settings tends to heat the stored water to the set-point temperature very fast and with high 
flow rates, after only a few DHW tapping’s and thereby not utilizing the storage capacity of 
the DHW tank.  
 
During the non-peak/non-draw-off periods, the charging flow can only exchange heat with 
the recirculation flow to cover the circulation heat loss, which as stated by the Danish 
standard[1], should reach at least 50°C at any point of the circulation line, and results in 
high DH return temperatures, even it is at fairly small flows. 
 
To deal with such problems, this report aims at developing optimized settings and new 
charging methods for the DH substations with DHW storage tanks.  
 
Considering the various applications and different types of buildings, the deliverable D5.4c 
consists of two parts; D5.4c (i) DHW capacity limitation in new buildings, typically with 
small circulation heat losses and D5.4c (ii) old buildings, typically with large circulation 
heat losses. 
 

3. Description of the case study 
 
As part of the EnergyLab Nordhavn project, a new multi-storey residential building in 
Nordhavn was recruited for demonstrating the new DHW capacity limitation concept. 
 
3.1 Building information and substation configuration 
 
The new residential building in Nordhavn has 72 flats and was built in 2017 according to 
the building code BR 2015.  
 
The DHW is prepared in a 2.500 liter storage tank with an immersed heating coil. The 
design heating capacity is 143 kW. Other information of the tank can be seen from Figure 
1 and 2 below. 
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Figure 1 DHW tank information 

 
Figure 2 DHW storage tank in the substation 
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The figure 3 below show the flow diagram of the substation, including the space heating 
(SH) loop and DHW loop. 
 

 
Figure 3 Substation application 

 
3.2 Changes in the metering system 
 
As shown in the above flow diagram, an extra heat meter is installed in the DHW loop to 
measure the DH supply to the DHW tank (blue circled meter).  
 
Furthermore, the normal mechanical flow meter for domestic cold water (DCW) is 
upgraded with a new functionality to allow automatic data communication and readings 
(green circled meter).  
 
The main heat meter is not shown in the flow diagram, but is placed on the DH main return 
pipe and measures DH supplied for both SH and DHW production. 
 

3.3 Basic settings and charging scheme 
 
The Danfoss ECL controller is installed for controlling of both the SH and DHW circuits.  
 
For the heating system the corresponding weather compensated temperatures of supply 
and return are for illustration purpose shown in figure 4 below. 
 

Heating 

Domestic Hot Water 
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Figure 4 Basic settings for the operation of the heating system in the ECL controller 

 
For the DHW loop, the set point temperature of the DHW supply in the tank was set to 55 
°C, and the return temperature limiter was originally set at 52 °C (see figure 3), but this 
temperature was lowered significantly during the tests. 
 

4. Tests in new residential building 
 
Based on the above substation installation and flow diagram more optimum settings as 
well as the capacity limitation functionality of the Danfoss ECL controller was tested in the 
autumn/winter of 2018. 
 
4.1 Adjustments for the settings of the DHW circuit 
 
The limit of the maximum power input to the DHW tank was set to 25 kW without any 
significant temperature drop in the tank. 
 
The limit of the DH return temperature was reduced from 52 °C to 40 °C without any 
significant temperature drop in the tank. 
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Figure 5 Data log from the ECL controller 

 
Figure 5 shows the DHW supply temperature in the tank (purple curve) and DH return 
temperature (green curve) from the DHW tank as real-time data logs in the local ECL 
controller for a 1-week period.  
 
Due to the DH return temperature limiter at 40 °C, the DH return temperature was 
controlled below that level successfully.  
 
Furthermore the DHW supply temperature in the tank can still be maintained at the set 
point of 55 °C for most of the time with the capacity limitation of 25 kW, the exceptions 
being only during short peak load periods, however still being able to provide warm 
showers. 
 
According to the standard DS439, the DHW supply temperature is allowed to drop to 50-
45 °C for short periods during peak load. 
 
4.2 Adjustments for the space heating circuit 
 
The supply temperature to the SH circuit was also optimized during the test period from up 
to 50 °C and down to 40°C, and this also reduced the DH average return temperature as 
can be seen in below figure 6. 
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Figure 6 Measured average DH return temperature of 2018 

 
Figure 6 shows the measurements of the average DH return temperature (red curve) and 
the outliers (blue curve).  
 

5. Design of a new charging scheme 
 
The building is a new constructed residential dwelling, with a relative small circulation heat 
loss ratio and this plays an important role in the performance of the new charging concept. 
The circulation heat loss can be calculated from the following equation: 
 

 𝑅 =  
ொಹಽ

ொೞೠ೛
   (1) 

Where  

𝑄ு௅ is the circulation heat loss from the DHW loop, 

𝑄௦௨௣ is the total heat supplied to the DHW circuit. 

 
Figure 7 below shows the detailed distribution of the DH heat for covering the DHW 
demand and circulation heat losses based on the measurements.  
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Figure 7 Distributions of the daily heat supply for the DHW circuit incl. DHW circulation loss 

 
The circulation heat loss only accounted for 20-30% of the total heat supply, and therefore, 
it was possible to improve the DH return temperature by applying the new capacity 
limitation concept. 
 
The capacity limitation flow rate (qchar) is designed to fit the DHW demand plus the 
circulation heat loss on the daily basis.  

                                                   𝑞௖௛௔௥ ∗ 24 ℎ𝑜𝑢𝑟𝑠 ≥ 𝑄஽ுௐ + 𝑄ு௅  (2) 
 
The DHW tanks typically only has one sensor located in the upper levels of the tank and 
when the temperature at the sensor drops below the set-point temperature the set 
capacity limitation flowrate will be activated for securing safe and reliable hot water from 
the DHW tank.  
  
The existing concept can however be improved by adding the following:  
 

 DHW safety mode:  
Use the existing upper sensor to secure minimum temperature requirements, if the 
sensor set-point drops below a fixed minimum temperature in extreme peak load 
situations, by cancelling the normal capacity limitation. 
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 Stand-by charging mode: 

Install an extra lower level sensor at the same height as the heating coil outlet and 
measure the tank temperature reflecting the DH return temperature to be able to 
switch the capacity limitation functionality from a tapping situation to a non-
tapping/stand-by situation. When the sensor temperature increases above a certain 
set-point the capacity limitation is decreased down to a very small setting covering 
only the circulation heat loss. 
However, the upper sensor must have priority and be able to override the stand-by 
charging mode of the lower sensor to secure DHW at tapping. 

 

6. Dynamic simulation of the new charging concept 
 
A series of dynamic simulations of the above described new charging concept were 
performed in program tool Dymola, which is a platform of conducting multi-engineering 
process with language of Modelica.  
 
The purpose is to validate the feasibility of the new charging concept and pave the road of 
applying it in practice.  
 
Moreover, the correlation among different parameters and the possible impact on the 
system performance were also investigated by the tests in the dynamic simulations.  
 
The following diagrams show the logic of the new charging concept and the model in 
Dymola. 
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Figure 8 Logic of the new charging concept 

 
Figure 9 Flow chart in Dymola 

 
The set-point temperature of the upper sensor was regulated between 55 °C and 60 °C 
following the standards of hygiene and comfort. While the lower sensor was located at the 
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same height inside the tank as the heating coil outlet. The aim is to reflect DH return 
temperature level stable from the dynamic modeling, and 20 °C was assumed to be the 
threshold temperature for it considering the temperature difference between the inside and 
outside fluid of the HEX. 
 
The tank geometry and settings in the case building were utilized for defining the tank 
component of the model. The measurements of the exact DHW consumption were input to 
the time table in the model to emulate the practical situation as much as possible. The 
DHW load profile is shown in Figure 10.  
 
During a 2-week period, certain DHW load patterns can be observed from the 
measurements. On daily basis, there were always morning peak and evening peak, which 
consumed the majority of the total water consumption.  
 
On weekly basis, the morning peaks were more significant than the evening peak during 
the weekdays, while the difference was not so obvious during the weekend. The maximum 
draw off is also larger during the weekdays and the morning peak appeared at earlier time 
compared to the weekend. 
 

 
Figure 10 Measurements of DHW load profile 

 
The constant charging flowrate was determined in Eq.2. While the large charging flowrate 
for safety was determined by the statistics of the measured peak DHW load in the case 
study.  
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Figure 11 Probabilities of different DHW load 

 
Figure 11 shows the statistical investigation on the DHW load behavior in the case study. 
 
We selected the hourly measurements of a 2-week period, and sorted the data into 30 
groups according to their values. The statistical results show the probabilities of the 
occurrences of different DHW consumption load.  
 
From the diagram, the hourly DHW load were denser around the lower bound, and the 
group with the consumption below 2kWh per hour has the highest probability of 
occurrence.  
 
Moreover, the probability of the DHW consumption exceeding 20kWh is only 10%, while if 
the consumption exceeds 30kWh, the probability of the occurrence is only 5%. 
 
Considering the outliers and the effect from the thermal disinfection, 30kWh was chosen 
as the maximum DHW consumption for determining the flowrate of the safety charging 
mode. 
 

7. Analyses on the simulation results 
 
7.1 Verification of the model 
 
The following figure 12 shows the DH return temperature based on measurements and the 
simulated return temperature during the test period.  
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Figure 12 Verification of the model on DH return temperature 

7.2 Dynamic simulation results of the new charging concept 
 
Figure 13 illustrates the simulation results of the new charging concept. The results of the 
first two time steps had obvious deviation from the reasonable values due to the 
initialization settings. However, the deviation diminished by the numerical algorithm of the 
model.  
 

 

 

Figure 13 Simulation results of the new charging concept on daily basis 
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From the results, the average return temperature was improved significantly. On one hand, 
the maximum DH return temperature were limited below 40 °C. On the other, the average 
level was also reduced.  
 
In the bottom diagram of Figure 13, the actual DH return temperature and the return 
temperature after improvement were drawn together with the DHW load profile.  
 
It can be seen that the new charging concept has major effect on reducing the DH return 
temperature during the sparse load period. 
 
Figure 14 shows the comparison of the daily averaged DH return temperature between the 
current situation and the scenario with improved control method.  
 
From the 2-weeks measurements, the new charging concept resulted in the DH return 
temperature always below 30 °C.  
 
The reduction of the DH return temperature can reach more than 16 °C compared to the 
measured value.  
 
Moreover, with the new charging concept, the daily average return temperatures was more 
stable compared to the conventional control, even though the DHW tapping profile had 
large fluctuations. 
 

 
Figure 14 Return temperatures between the current situation and with new charging concept on daily basis 
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8. Conclusions 
 
The demonstration of the DHW capacity limitation was very successful.  
 
By introducing the new capacity limitation functionality on the DHW tank in the new 
building in Nordhavn, it was possible to reduce DH peaks as well as lowering the DH 
return temperature significantly by utilizing the DHW storage in the tank, and without 
compromising the comfort level.  
 
The concept is very interesting for HOFOR, and will be introduced in future district heating 
installations where HOFOR is involved.  
 
Furthermore the concept is being considered for future updates of HOFOR’s overall terms 
of supply and technical conditions.  
 
The demonstration however also identified the need for some new features to optimize the 
concept and are described in the chapters for the improved charging concept. 
 

9. Prospective work 
 
The new charging concept is focusing on security of supply and low return temperatures 
during stand-still periods. 
 
The new charging concept is expected to be developed and implemented during the year 
2019 in cooperation with the other partners of this report being Danfoss and DTU-BYG. 
 
The activities from the demonstration also initiated the below mentioned ideas that could 
be interesting for future prospective work: 
    
1. The development and production of a dynamic motorized control valve with adjustable 
kvs-value. 
 
2. Introduce finer time steps for the measurements on the secondary side, for example to 
better characterize the DHW load profile. The results can be used for better understanding 
and development of new and alternative systems. 
 
3. Automatic optimization and reduction of the maximum capacity and the return 
temperature limitation by introducing AI and Machine Learning.  
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