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Outline

Bridging the gap between physical and statistical modelling 

(grey-box modelling)

Combined and hierarchical forecasting

Simulation versus data-driven/prediction-based methods

Weather forecasting in cities

Load forecasting 

Temperature Optimization 

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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Grey-box Modelling
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Grey-box Modelling

The MPC framework for smart house control and how distrubance forecasts are incorporated
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Traditional Dynamic Model

Ordinary Differential 
Equation:
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Stochastic Dynamic Model

Stochastic Differential 
Equation:
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 Forecasting using
Temporal Hierarchies
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Temporal hierarchy for quarterly series
(Consistent forecasting across scales)
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Weather Forecasting
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Weather data and forecasts
Combined forecasting 

Optimize local weather 
forecast base on: 

• Local climate data

• Several MET forecasts

• Improvements in 
accuracy: 20 – 98 pct
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METFOR forecast example 
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Heat Load Forecasting 
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Heat Load Forecasts at Varmelast 

36 pct improvements with forecasting tool from HEAT4.0
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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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Heat Load Forecasting
Improvements Using

 Temporal Hierarchies in HEAT4.0

Further improvements: 15+ pct 
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Data-driven 
Temperature Optimization
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Models and Controllers 
(Highly simplified!)
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Supply temperature with/without 
data-driven temperature opt.

Without HEATTO
With HEATTO†

Savings:
Reduction in heat loss 
18.4 pct
Annual cost saving 
2.4 mill dkr
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Svebølle-Viskinge DH: Lowered the temperature with 15 – 20 degrees
Brønderslev DH: Approx. 3 degrees 



Digitalization of DH Systems, DBDH HEATman webinar, April 2021 Digitalization of DH Systems, DBDH HEATman webinar, April 2021 

Data-driven Temperature 
Optimization

Able to take advantage of information in data
Self-calibrating models for the DH network
Easy to maintain 
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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Control of Supply Temperatures

 Lessons learned:
Control using 
simulation of 
temperature gives up 
to 10 pct reduction of 
heat loss.
Control using  
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 online
● Want to combine MET forecasts with local climate data
● Want automated update of models 



Digitalization of DH Systems, DBDH HEATman webinar, April 2021 Digitalization of DH Systems, DBDH HEATman webinar, April 2021 

Data-driven 
Temperature Optimization v.4.0

(Incl. use of meter data)
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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
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Critical Temperature estimated 
from Smart-Meter Data (Brønderslev DH)
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Data Intelligent Temperature 
Optimization Using Smart Meter Data

Eliminates or reduces the need for critical points in the DH net
Identify needs for upgrade of the local net
Find users with a high flow and other issues
Next generation of temperature zones
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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Integrated Forecasting and 
Control for Buildings
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Grey-box Model 
for a Smart Building
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Integrated Forecasting and Control

The MPC framework for smart house control and how distrubance forecasts are incorporated
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The school used for smart 
district heating control

Borgerskolen in Høje Taastrup
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The considered school for NMPC

Borgerskolen in Høje Taastrup

Savings documented in HEAT 4.0: 8 – 10 pct 
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Optimal Operation and Bidding
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HEAT4.0 savings approx. 5 pct
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Summary – HEAT 4.0 savings



 Savings by 
digital operation of DH Systems

(CO2 + Costs)

 Many digital solutions for DH systems have already been established in 
HEAT4.0 (... and more will come)

10 – 40 pct improvements of heat load forecasts

 800 mill dkr annually in Denmark by data-driven temperature optimization =  
(tons of CO2 savings)

 (TO v. 4.0 – use of meter data): Maybe 200 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

Up to 10 pct savings by optimal operations of CHP and DH plants
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Thanks for your attention ...
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Center Denmark
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Center Denmark – Control Room



Digitalization of DH Systems, DBDH HEATman webinar, April 2021 Digitalization of DH Systems, DBDH HEATman webinar, April 2021 



Digitalization of DH Systems, DBDH HEATman webinar, April 2021 Digitalization of DH Systems, DBDH HEATman webinar, April 2021 



Digitalization of DH Systems, DBDH HEATman webinar, April 2021 Digitalization of DH Systems, DBDH HEATman webinar, April 2021 

Purpose based controllers 
for DH systems 

Peak shaving (morning peaks can be expensive)

Capacity constraints

Optimal control of temperature versus flow 

CO2 optimal control of heat pumps in DH systems 

Flow controllers – also for individual customers

Minimize return temperature

Use DH system for heat storage

Use of excess heat from industry, supermarkets, etc

Heat pumps (eg. dual HP with local seasonal storage)

Optimal operation of Power2X facilities
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Price-based Control of 
Heat Consumption 

(Peak Shaving)
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Aggregation (over 20 houses)
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Flexibility Function
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Control of Heat
 Consumption
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Control performance

Considerable reduction in peak consumption
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