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Space of Solutions

Batteries(Super) Grids

                 Flexibility / Virtual Storage 
(enabled by Digitalisation and Energy Systems Integration)
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Data-Intelligent and Flexible
Energy Systems 



Energy System Models 
for Real Time Applications and Data Assimilation  

Grey-box models are simplified models for the individual components 
facilitating system integration and use of sensor data
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  Smart-Energy OS
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Case study No. 1 

Control of heat pumps for swimming pools 
(CO2 minimization)
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Partner
s



The considered house 
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Grey-box model 
(lumped parameter model) 
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Source: pro.electicitymap.org







Example: CO2-based control    (savings 15 pct)
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Flexibility (or Virtual Storage) Solutions

Flexibility (or virtual storage) characteristics:

– Wastewater systems can provide storage 0.2-6 hours ahead

– Supermarket refrigeration can provide storage 0.5-2 hours ahead 

– Buildings thermal capacity can provide storage up to, say, 2-10 hours ahead

– Buildings with local water storage can provide storage up to, say, 2-18 hours ahead

– District heating/cooling systems can provide storage up to 1-4 days ahead

– DH systems can provide seasonal storage solutions

– Gas systems can provide seasonal/long term storage solutions
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Case study No. 2 

Control of smart buildings using integrated 
weather forecasting
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A Smart House
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Model for weather forecasting
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Grey-box model for air temperature
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Combined Forecasting and Control
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15 days out of 7 months simulation



CITIES, DiCyPs, FED – Green Digitalization 2020CITIES, DiCyPs, FED – Green Digitalization 2020

Electricity cost (EUR)
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Constraint violations
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Center Denmark 

 Digitalization Hub for 
Integrated Smart Solutions
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Uni-Lab.dk
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Center Denmark
Become a partner –  see www.centerdenmark.com

It will increase possibilities for eg. EU projects and support – also since 
Center Denmark is approved by the Commission
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Summary
Methods for integrated modelling, forecasting and control are presented

Using the Smart-Energy OS we have seen large potentials for Demand 
Response and Virtual Storage on all relevant time scales

Automatic solutions are important

Solutions are implemented at Center Denmark

Solutions are tested and further developed using Uni-Lab.dk

Digitalization and sector coupling is essential 

The controllers can provide
• Energy Efficiency
• Cost Minimization
• Emission Efficiency
• Peak Shaving
• Smart Grid Services (like ancillary services needs, ... )
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Control problem
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Grey-box Modelling
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