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Use of AI and 
Energy Systems Integration  

By intelligently integrating currently distinct energy systems 
(heat, power, gas and biomass) using AI and ICT solutions we 
can unlock the flexibility needed for integrating large shares of 
fluctuating renewable energy sources
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The Smart-Energy Operating-System (SE-OS) is used to develop, 
implement and test of solutions (layers: data, models, optimization, 
control, communication) for operating flexible energy energy 
systems at all scales.

Temporal and Spatial Scales



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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Flexibility Function

Case Study: 
Price-based Control of 
Power Consumption 

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

Considerable reduction in peak consumption
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Examples: Flexibility Function
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Penalty (examples)
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Smart Grid Applications
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Energy Flexibility in 
Wastewater Treatment 
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Flexibility Function
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Summary

We have demonstrated a large potential in unlocking the flexibility in 
integrated energy systems using the FF and the Smart-Energy OS

The Smart-Energy OS Controllers can focus eg. on

Peak Shaving

Smart Grid demand (like ancillary services needs, ...)

Energy Efficiency 

Cost Minimization

Emission Efficiency

We see large problems with tax and tariff structures in many countries (eg. 
Denmark)

We need new digitalized markets (based on AI and control)

Center Denmark is established as a National Digitalization Hub for Smart 
Energy and related systems (water and food primarily). Main purpose is 
to unlock the flexibility needed for the green transition
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Center Denmark

Green transition paved by green innovation
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Digitalization Hub - Center Denmark
A digitalization hub for data intelligent operation of integrated energy 

systems (electricity, thermal, gas, water)

A national hub for unlocking the flexibility potential for large scale 
integration of fluctuating renewable energy 

Tests on framework conditions have to be representative – and scaling is 
important

The new national smart energy hub is Center Denmark   (10.000 m2 facilities 
for Research, Education, Development and Testing - plus Dissemination) 

 The Societal objective is to establish a realistic and concrete pathway to a 
fossil-free society

The Scientific objective is to establish methodologies and solutions for the 
future intelligent and integrated energy system using digitalization and a 
smart energy hub

The Commercial perspective is to being able to idenfy and test solutions 
which can form the background for commercial success stories. We 
believe that this setup has the unique characteristics for being the 
ultimate smart energy hub for test and demonstration of future smart 
energy solutions
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Markets – Needed changes 

Static  -> Dynamic

Deterministic  -> Stochastic

Linear  -> Nonlinear

Many power related services (voltage, frequency, balancing, spinning 
reserve, congestion, ...)  -> Coordination + Hierarchy 

Speed / problem size  -> Decomposition + Control Based Solutions

Characterization of flexibility (bids)  -> Flexibility Functions

Requirements on user installations   -> One-way communication 
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SE-OS Characteristics

‘Bidding – clearing – activation’ at higher levels

Nested sequence of systems – systems of systems

Hierarchy of optimization (or control) problems

Control principles at higher spatial/temporal resolutions

Cloud, Fog, Edge based (IoT, IoS) solutions – eg. for forecasting 
and control

Facilitates energy systems integration (power, gas, thermal, ...)

Allow for new players (specialized aggregators)

Simple setup for the communication and contracts 

Provides a solution for all ancillary services problems

Harvest flexibility at all levels -> max. Virtual storage 
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