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1. Introduction
Objectives of the project

2



DTUDate Title

Motivation: Low-Temperature District Heating
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Source: Lund et al., “4th Generation District Heating (4GDH): Integrating smart thermal grids into future sustainable energy systems,” 2014. 
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Effect of flue gas condensation
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Only DHW –
No space 
heating
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Common DHW set-up – Perhaps half of Danish DH installations

Source: Danfoss Application Handbook

Constant circulation 
heat loss

Design ΔP = 0.5 bar

Cold water supply

Tapped DHW
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minimum flow

50ºC

55ºC

TDH,supply
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Figure 12. Combinations of operating temperatures for the DHW system with a storage tank for 
different ratios of circulation heat loss in the actual use of hot water. 
(Source: https://doi.org/10.3390/en14113350).

https://doi.org/10.3390/en14113350


Objectives
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Develop a digital 
twin of a common 
heating substation

Validate the model Analyse system 
performance

Identify solutions 
and predict 

improvements

Package this process and make it publicly available within the HeatCheck project



2. Case study
Building description and information used
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Description of the building
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Lundtoftevej, 162
2800 Kongens Lyngby 

(Denmark)

491 accommodations

8 buildings



Description of the building

12Chapter 3. Case study – Description of the building

Building H

Photo 1. Location of building H
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Photo 2. Technical room in building H

AKVA THERM LV 
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Data Sources
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Danfoss ECL platform Neogrid platform Ista meters Added meters/sensors



Preliminary analysis of collected data
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Comparison SH and DHW



Digital twin
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Model description

• Software: Dymola

• Language: Modelica

• Libraries: Modelica
Buildings Library



Validation
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Tank top temperature (S6)

Real time-
averaged 

temperature

51.7 °C

Simulated 
time-averaged 
temperature

51.4 °C



4. Results
Analysis of the problems and simulation of improvements
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Analysis of the problems
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Too high charging flow



Analysis of the problems
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Too high charging flow and limiting stop difference parameter

Post-run time

Reduce post-run time from 1 min to 0 min

Charging flow

Reduce charging flow from 0.50 kg/s



Results of the simulated improvements
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SIMULATION 4: Application of all the improvements

Post-run time

0 min

Charging flow

0.05 kg/s



Results of the simulated improvements
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SIMULATION 4: Application of all the improvements

Post-run time

0 min

Charging flow

0.10 kg/s



Results of the simulated improvements
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Analysis of the results with reduced charging flow and 0 min post-run time 

Base case flow-
weighted 

44.1 °C

Improved case 
flow-weighted 

24.9°C

Average return temperature 



5. Conclusions and future outlook
Discussion and future actions to take
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Current work
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Automatic optimisation of ECL 
parameters using digital twin
• Truly minimal return temperatures

Field tests (ongoing)
• Results seem to confirm expectations
• Not final due to discovered fault 

(incorrectly mounted sensor)



Future work within the HeatCheck project
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More models of common heating configurations
• Just insert your data
• Automatic fault detection
• Automatic identification of optimal ECL control parameters

Enable what-if analysis for buildings with high minimal return temperatures
• Predict the impact of…

• Circulation heat pump
• Cascade solution 

(from a circulation heat exchanger to low-temperature space heating)
• Reduced circulation heat loss



What you can do to prepare
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Connect your controller to the internet (e.g. Leanheat Monitor)

Install a dedicated energy meter on the DHW heating

Install energy meters with…
• Hourly data
• Flow and temperature recordings – not just energy

Install a digital volume meter and temperature sensor on the cold-water flow 
into the DHW system

Look out for the results and releases of HeatCheck – https://heatcheck.dtu.dk/

https://heatcheck.dtu.dk/


Thank you for your attention
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Figure 8. Charging DH power, DHW demand and circulation heat loss in Hillerød 2 (2021). 

P circ
P use

= 35-50%

use use
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Figure 12. Combinations of operating temperatures for the DHW system with a storage tank for 
different ratios of circulation heat loss in the actual use of hot water. 
(Source: https://doi.org/10.3390/en14113350).
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Field tests: Reference ECL control
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Figure 5. Actual DHW supply temperature, DH 
return temperature and DH power supplied to the 
tank with the conventional control.

• Return temperature: 37.2 ºC.
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Field tests: Improved ECL control
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Figure 4. Actual DHW supply temperature, DH return temperature 
and DH power supplied to the tank with the new staged control.

• 55 ºC secured nearly all the time.
• 50 ºC secured during extraordinary 

consumption.

• Return temperature: 29.7 ºC

https://doi.org/10.1016/j.energy.2022.125493

https://doi.org/10.1016/j.energy.2022.125493
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Field tests
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Figure 7. Comparison between normal 
and staged control by statistical analysis 
of flow-weighted DH return temperatures 
measured in Hillerød, Denmark.

• 90-days dataset: 45 days with each control.

• Performance  normalized by four factors:  
1. 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃/𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
2. DH supply temperature
3. DHW supply temperature
4. Cold water temperature

• Reduction of 7.5 ºC in DH 
return temperature.
(24% savings in DH water volume)
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