
Kraftringen and ABB, February 2018Kraftringen and ABB, February 2018

 
Data Intelligent Operation of DH Systems

(incl. Temp. Opt. v.4.0)

Henrik Madsen

Dept. Appl. Mathematics and Computer Science, DTU
http://www.citiesinnovation.org

http://www.smart-cities-centre.org

http://www.henrikmadsen.org

                                                                                             
                                                           

                                            

http://www.citiesinnovation.org/
http://www.smart-cities-centre.org/
http://www.henrikmadsen.org/


Kraftringen and ABB, February 2018Kraftringen and ABB, February 2018

CITIES software used
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Modelling of Thermal Performance 
of Buildings using Smart Meter Data 
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Example

U=0.21 W/m²KU=0.86 W/m²K

Consequence of good or bad workmanship (theoretical value is U=0.16W/m2K)
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 Examples (2)

Measured versus predicted energy consumption for different dwellings
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Results 
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Model for the heat dynamics

Equivalent Modell

Measurements:
– Indoor air temp
– Radiator heat sup.
– Ambient air temp
– Solar radiations
Hidden states are:
– Heat accumulated 

in the building
– k: Fraction of solar 

radiation entering 
the interior
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 Perspectives (2)

Better utilization of 
renewable energy (solar 
and wind power)

Decision system regarding 
cleaning of the windows!

k
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Data Intelligent Load Forecasting 
for DH Systems
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Model components in load forecasting
Wall: Slow reaction on climate

Windows + ventilation: Fast reaction

Occupant behaviorl
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PRESS Load Forecast 
(Model principles)

Load forecast for time t+k, Pp(t+k), is written:

  Pp(t+k) = Fmur(Vejr(t+k)) + Fvv(Vejr(t+k) +

                  Far(Pp(t) - P(t)) + DP(t+k)

where

• Fmur, Fvv, Far and DP are semi-parametric functions 
(estimated by PRESS)

• Vejr(t+k) is weather input (measured + forecasts) for time t+k.

• P(t) is measured heat load for time t.
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PRESS Load Forecast 
(Example)
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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 performance 
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MetFor forecast example 
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Data Intelligent 
Temperature Optimization
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Models and Controllers 
(Highly simplified!)
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Optimal set-point taking 
uncertainty into account

Brugertemperatur

                                                    
                                          Udetemperatur
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Supply temperature with/without 
data intelligent control
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Savings 
(Reduction of heat loss = 18.3 pct)
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Control of Temperatures in DH Systems

 Lesson learned:
Control using simulation 

of temperature gives 
up to 10 pct reduction 
of heat loss.

Control using data and 
predictions gives up 
to 20 pct. reduction of 
heat loss. 



Which approach to use?

Use simulation based control if:
● No access to data from the DH network
● Want an evaluation of new operational scenarios

Use prediction based control if:
● Access to network data online
● Want to used meteorological forecasts automatically
● Want to combine MET forecasts with local climate data
● Want automated update of models 
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Data Intelligent 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. 
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Data Intelligent 
Temperature Optimization 

using Meter Data
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Data Int. Temp. Opt (v.4.0) 

Big Data Analytics – more specific:
Take advantage of (smart) meter 

readings
Use of all available MET forecast
Combination of MET forecasts with data 

from local climate stations
New grey-box models 
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Data Intelligent Temperature 
Optimization Using Smart Meter Reading

Eliminates or reduces the need for critical points in the DH net

Filtering of #N smart meter readings -> available temperature

Identify needs for upgrade of the local net

Find users with a high flow

Intell. Control – energy, emission, costs, peak,..

Use user installations to store energy locally

Time-varying prices – active use of end-users

Establish a possibility for effect limitations 

 (should be reflected in the contract)
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For more information ...
See for instance

www.henrikmadsen.org 

                 www.smart-cities-centre.org
www.citiesinnovation.org

...or contact 
– Henrik Madsen (DTU Compute) 

hmad@dtu.dk

 

http://www.henrikmadsen.org/
http://www.smart-cities-centre.org/
http://www.citiesinnovation.org/
mailto:hmad@dtu.dk
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