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Project Motivation
The challenges
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The Danish Wind Power Case 

In 2008  wind power did  cover  the entire demand of 
electricity in 200 hours (West DK)

In the first half of  2017 more than 44  pct of 
electricity load was covered by wind 

power.

For several days the wind power production was 
more than 100 pct of the power load. 

July 10th, 2015 more than 140 pct of the power 
load was covered by wind power

.... balancing of the power system

In 2008 wind power did  cover  the entire 
demand of electricity in 200 hours 

(West DK)
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Challenges (example)

Report: Almost no flexibility

We have seen the same conclusion in 
almost all previous Danish projects 
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Ideas / Solutions
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Project Idea

Data Intelligent Energy Systems 
for a Smart Society
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The Smart-Energy Operating-System (SE-OS)  will be used to 
develop, implement and test of solutions (layers: data, models, 
optimization, control, communication) for operating flexible electrical 
energy systems at all scales.

Temporal and Spatial Scales
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Models for Systems of Systems

Intelligent systems integration using data and ICT 
solutions are based on models for real-time operation of 
flexible energy systems    
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  Smart-Energy OS
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Center Denmark: 
Data Intelligent Energy Systems

Automatic and self-cal. methods based on Big Data analytics and AI

Storage solutions are essential – both batteries and PCM

Prosumer integration strategy and methodologies 

Labs – Virtual, HiL, Live

Peer-to-peer communication (incl. blockchain)  

Nested sequence of systems – systems of systems

Hierarchy of optimization (or control) problems

Control principles at higher spatial/temporal resolutions

Cloud or Fog (IoT, IoS) based 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 

Harvest flexibility at all levels 
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The (needed) Transformation
A procedure for data intelligent control of integrated energy systems 

(using eg the Smart-Energy OS (SE-OS) setup)

The test center has to be representative – and scaling is important

A first very important step would be to establish Center Denmark near 
Fredericia (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

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 area has the unique characteristics for being the 
ultimate live-lab for test and demonstration of future smart energy 
solutions
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Flexibility enabled using
data intelligence



            International Collaboration

Our partners – NREL, Berkely Lab, Argonne Nat. Lab, AIT, NTNU, LU, 
UCD, NTU, Tecnalia, Toyota, Samsung, ...

Close collaboration with many International Projects; 

The largest being:

Energy Systems Integration Partnership Programme (ESIPP) – 
Ireland – 120 mill dkr 

Centre for Energy Systems Integration (CESI) – UK – 300 mill dkr 
(project partner)

Research Centre on Zero Emission Neighb.in Smart Cities (ZEN) – 
Norway – 400 mill NOK – (partner)  Henrik - Prof. II at NTNU

5 EU projects building on results – so far ..

COST TD1207 ‘Mathematical Optimization in the Decision Support 
Systems for Efficient and Robust Energy Networks.
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Some results …. (so far)



 
Lab testing ….



SE-OS
Control loop design – logical drawing

18

Termostat 
actuator

Termostat 
actuatorDataData

SensorsSensors



SN-10 Smart House Prototype 
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CITIES Innovation Center
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Case study No. 1

Control of heat pumps for swimming pools 
(CO2 minimization)
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Partner
s
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Source: pro.electicitymap.org



“Please stop”

“Please use”

Source: pro.electicitymap.org



State: economy

65% fossil
origin

www.co2signal.com



State: heating

8% fossil
origin

www.co2signal.com
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Case study No. 2

Wastewater Treatment Plants
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Kolding WWTP
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Waste-2-Energy
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Energy Flexibility in 
Wastewater Treatment 
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Sewer System Annual Elspot Savings
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- National Centre for Research, Education, Innovation, Test and Demonstration
      with a focus on data intelligent and integrated energy systems, physical and virtual storage, 

and water and food systems coupling

- From research to business in a real-life test environment with a main focus on the 
environment, people and nature
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A mixture of old and new buildings (smart city anno 2030)



The old mill  - Old Danish Energy System



The project team  - Architect and Construction
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