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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 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

Alm
ost no Flexibility 
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Data Intelligent and 
Flexible Energy Systems 
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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 electrical energy 
systems at all scales.

Temporal and Spatial Scales
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Models for Systems of Systems

Intelligent systems integration using big 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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Control and Optimization
Day Ahead:
Stoch. Programming based on eg. Scenarios

Cost: Related to the market (one or two levels)

Direct Control:
Actuator: Power

Two-way communication

Models for DERs are needed

Constraints for the DERs (calls for state est.)

Contracts are complicated

Indirect Control:
Actuator: Price

Cost: E-MPC at low (DER) level, One-way 
communication

Models for DERs are not needed

Simple 'contracts'

In Wiley Book: Control of Electric Loads 
in Future Electric Energy Systems, 2015
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Data Intelligent Energy Systems

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

Labs – Virtual, HiL, Live

Peer-to-peer communication (incl. blockchain)  

Nested sequence of systems – systems of systems

Hierarchy of stoch. optimization (or control) problems

Multivariate probabilistic forecasting

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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Robust and 
Scenario-based 

Control at Aggregator Level
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Example: Scenario-based Robust Control 
(Level III)
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Example: DER advanced controller (Level IV)
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Example:  Wind turbine scenarios
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Results:
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Case study No. 1

Control of heat pumps for swimming pools 
(Minimization of Cost / CO2)



SE-OS
Control loop design – logical drawing
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Termostat 
actuator

Termostat 
actuatorDataData

SensorsSensors
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Partner
s
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Source: pro.electicitymap.org
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Example: Price-based control



Example: CO2-based control
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Penalty Function (examples)



IEEE SmartGridComm, Aalborg, October 2018IEEE SmartGridComm, Aalborg, October 2018

Summary

A framework called Smart-Energy OS based on AI and Big Data Analytics is 
described for implementing smart energy systems

The SE-OS setup can focus on

Energy Efficiency

Cost Efficiency (Minimization)

Emission Efficiency (-> accelerating the transition to a low-carbon 
energy system)

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

We have demonstrated a large potential for unlocking the flexibility and for 
demand response using big data analytics and AI

We have suggested a method for characterizing the energy flexibility which 
facilitates smart grid applications



                                  

Some 'randomly picked' books on modeling  ....
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For more information ...
See for instance 

                 www.smart-cities-centre.org

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

hmad@dtu.dk

Acknowledgement  - DSF 1305-00027B
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