


The Danish Wind Power Case 

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

In 2020 Flexibility, IoT and Edge Computing are 
essential

That’s the topic of ‘Flexible Energy Denmark’

(For several days the wind power production is more 
than 100 pct of the power load) 

.... balancing of the power system

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

(West DK)





Markets/Services: 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 



Space of Solutions

Batteries(Super) Grids

Flexibility (enabled by AI, Energy Systems Integration and IoT)



A so-called Smart-Energy Operating-System (SE-OS)  is developed in order 
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



  Smart-Energy OS







SE-OS Characteristics

AI and Grey-Box models for data-intelligence

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

Integrated modelling, forecasting, control and optimization

Simple setup for the communication and contracts

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



SE-OS: Hierarchy of 
Optimatization and Control Problems



Case study 

Price-based Control of 
Power Consumption 

(Peak Shaving)



Aggregation (over 20 houses)



Flexibility Function



Control performance

Considerable reduction in peak consumption





Center Denmark 

 Digitalization Hub for 
Smart Energy Systems



Center Denmark – Control Room
(Spatio-Temporal thinking)



Trusted Data Sharing Platform



Summary

A Smart-Energy Operating-System is suggested for the future weather-driven low-carbon 
energy systems

Facilitates a link between conventional markets and the low level power system (the physics)

Many power related services (voltage, frequency, congestion, ramping, balancing, capacity, ..)

Flexibility is described by a Flexibility Function

Simple contracts and no requirements on user installations

A national data hub, Center Denmark, for providing services (also for low voltage areas) is 
established
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