
Digitalisering af fjernvarmen, Green Hub Denmark, Dec. 2020Digitalisering af fjernvarmen, Green Hub Denmark, Dec. 2020

 
Hvordan kan digitalisering 

understøtte den grønne omstilling?

   Digitalisering af fjernvarmen – viden fra CITIES, HEAT4.0, IDASC, FED, mv.

Henrik Madsen, Peder Bacher, Hjorleifur Bergsteinsson, Daniela Guericke, 

Amos Schledorn, Christian Thilker, Rune Junker, Jan K. Møller

Danmarks Tekniske Universitet

http://www.henrikmadsen.org

                                                                                             
                                                          

                                            

http://www.henrikmadsen.org/


Digitalisering af fjernvarmen, Green Hub Denmark, Dec. 2020Digitalisering af fjernvarmen, Green Hub Denmark, Dec. 2020

Outline

Challenges related to the green transition

Load forecasting – incl. forecasting hierarchies

Temperature Optimization v.2.0 (Current)

Temperature Optimization v.4.0 (Future – IDASC, CITIES, 
HEAT4.0)

Use of meter data 

Flexible load in buildings and DH systems

Cloud Hub at Center Denmark (HEAT4.0 cloud)

(Optimal Bidding for District Heating Providers) 
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Data Intelligent
Load Forecasting 
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Weather data and forecasts 

Optimize local weather 
forecast base on: 

• Local climate data

• Several MET forecasts
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METFOR† forecast example 

†ENFOR ~ https://enfor.dk/
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Improvements with 
Temporal Hierarchies

Forecast for different 
aggregation levels

Share information 
between levels

Reconciled forecast is the 
process of optimally 
combining hierarchial 
forecast to yield coherent 
forecast

The result are guaranteed 
to be at least as good as 
the base forecast
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Improvements using
 Temporal Hierarchies

Negative value describe a percentage improvement of the reconciled 
forecast from the base forecast
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Data-driven 
Temperature Optimization

(current version 2.0)
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Supply temperature with/without 
data-driven temperature opt.

Without HEATTO
With HEATTO†

†ENFOR ~ https://enfor.dk/

Savings:
Reduction in heat loss 
18.4 pct
Annual cost saving 
2.4 mill dkr
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Data-driven Temperature 
Optimization for DH Systems 

Able to take advantage of information in data

Self-calibrating models for the DH network 

Shows where to upgrade the DH network

Fast (real time) calculations

Use DH net for peak shaving and storage 

Able to use online MET forecasts etc.

Savings up to 800 Mill. DKK annually by using data-
driving temperature opt. (Damvad report 2019) 
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Data-driven 
Temperature Optimization (v.4.0)

(Incl. use of meter data)
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Meter Data in Data Intelligent 
Temperature Optimization (v.4.0) 

Measurement feedback from end-users:

Supply Temperature, Return Temperature and Flow 
measurements on e.g. 1 hour interval

Data for information, monitoring and control purposes

End-users can be more aware of their consumption and can control it 
based on their needs (time-varying prices)

Gives the oppurtunity take the advantage of meter reading using big data 
analytics tools: fault detection, etc.

Having different temperature zones inside the network with additional 
pressure pumps and heat pumps

Enable for flexible load in buildings 
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Replacing the netpoint sensors at 
the critical point using meter data

Use readings from end-user to create a artificial critical 
temperature for a distribution of houses in the network

Replacement of critical netpoint sensors

Dynamic location of netpoints



Digitalisering af fjernvarmen, Green Hub Denmark, Dec. 2020Digitalisering af fjernvarmen, Green Hub Denmark, Dec. 2020

Replacing the temperature at 
the critical point using meter data

Need models to filter out when 
there is a low flow (e.g. system 
is shut down)

Data from 15 houses in 
Brønderslev

15 min. values

Fine with one day latency of 
measurements

Currently running in Tingbjerg 
demo for 15 apartment 
buildings, 2 buildings are used 
as reference
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Critical Temperature estimated 
from Smart-Meter Data
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Flexible load in buildings and DH 
systems using Cloud Computing
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Partner
s
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Source: pro.electicitymap.org







Example: CO2-based control  (10-20 pct savings)
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Center Denmark
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Center Denmark – Control Room
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Optimal Bidding for District Heating Providers
Daniela Guericke (dngk@dtu.dk)

Amos Schledorn (amosc@dtu.dk)
Anders Andersen (ana@emd.dk)

Henrik Madsen (hmad@dtu.dk)
Ignacio Blanco (igbl@dtu.dk)

mailto:dngk@dtu.dk
mailto:amosc@dtu.dk
mailto:hmad@dtu.dk
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Decision-making under uncertainty

Stochastic programming uses 
mathematical optimization to 
optimize the expected value over 
all considered scenarios

Here-and-now 
decisions

Optimal 
decision for 
scenario 1

Optimal 
decision for 
scenario 2

Optimal 
decision for 
scenario 3

Optimal 
decision for 
scenario S

…
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Possible savings by 
digital operation of DH Systems

(CO2 + Costs)

 (TO v. 2.0): 800 mill dkr annually in Denmark by data-driven temperature 
optimization =  (tons of CO2 savings)

 (TO v. 4.0): Maybe 400 mill dkr extra (we don’t know yet)

10 – 30 pct savings by predictive control of heat pumps

5 – 20 pct savings by integrating forecasts in smart house controllers

10 – 40 pct improvements of electricity and heat load forecasts

Up to 10 pct savings by optimal operations of CHP and DH plants

Up to 90 pct savings on cooling for data centers

Many digital solutions for DH systems already exists – and more will come with 
HEAT4.0, IDASC, FED, TOP-UP, ...
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