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Digitalization and Markets for 
Energy Systems Integration
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Data-driven Digital Twins  
for Real Time Applications  

Grey-box models are simplified Digital Twin models facilitating 
system integration and use of sensor data in real-time
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Data-driven Digital Twins  
Example – Port of Sines  



A so-called Smart-Energy Operating-System (SE-OS)  is developed 
in order to develop, implement and test solutions (layers: data, models, 
optimization, control, communication) for operating flexible electrical 
energy systems at all scales.
 

Temporal and Spatial Coherency
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Where does the physics stop 
and the market begin?
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Local Flexibility (Markets) 

vs Classical Markets 

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 

Markets for Energy Systems Integration -> Price-based solution 
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  EU Report: Smart-Energy OS
The Transformative Power of Digitalisation

(Static)

Conventional
Markets

(Dynamic)

Local Flexibility
Markets

(Hierarchy of 
controllers)

Linking 
Markets to 
Physics 
using MIMs

(Flexibility 
Functions)
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Flexibility Functions is the 

Fundamental MIMs for 
Linking Markets to the Physics



The Flexibility Function (FF) is a MIMs for energy systems used 
to characterize flexibility and providing an interface between local and 
high-level markets

Flexibility Function
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SE-OS for Sector Coupling
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 Wind Power Forecasting for 
DSOs and TSO 

using Spatial Hierarchies
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Wind Power Forecasting
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Wind Power Forecasting in DK1
(improvements 20 pct)
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Wind Power Forecasting 
Using API’s developed at DTU

● Today our tools are used for operational 
forecasting of 25-30 pct of the worlds entire 
wind power production

● Large experience in off-shore wind power 
forecasting



Case Study: 

Smart Grid Intelligence
Models for Dynamic Transformer Rating
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Sensor setup for transformators
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Grey-box model for transformator stations
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Model performance; 6-hour predictions
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Dynamic Transformer Rating

Relies on data-driven Digital Twins of the 
Transformer stations

Gives good predictions of the hidden states (e.g., 
oil temperatures) more than 6h ahead

DTR can reduce the risk of overloading

The models can be used to predict failures of 
transformators

Experiences show that transformers often can be 
overloaded (up to 120 pct) without any problem

Wind farms can be expanded up to 60 pct 
without problems (since wind speed and wind 
power generation are highly correlated)
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 Implementation: 
Data Space for 

Spatial and Temporal Data
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Center Denmark, Vision



        
Center Denmark, some employees and 

board members



        

Center Denmark 
Integrated Energy Systems

Control Room and Data Space

Center Denmark aims at facilitating a trusted data space which put priorities in 
cyber security and in empowering the partners such that they are able to 
provide Digitalized and Efficient Solutions for People and Industry without 
being subject to disproportionate technical requirements, administrative 
requirements, procedures and charges 
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Summary

We have described digitalisation for sector coupling and linking physics 
to the markets

We need dynamic (temporal and spatial) tariffs (and taxes)

We need data hubs for energy related streaming data 

It must be easy. Industry and house owners should be able to participate in 
flexibility markets without being subject to disproportionate technical 
requirements, procedures and charges

We have indicated how to use control-based methods for all type of grid 
services

Implemented at the European Digital Innovation Hub (EDIH), Center 
Denmark
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