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European and International Initiatives on 
Smart Energy Systems

Data Spaces for Energy Systems

Digitalization of Energy Systems

Key elements mentioned in EU and UN reports:

Minimum Interoperability Mechanicsms (MIMs)

Some MIMs for energy systems:

Flexibility Functions, Digital Twins, Data Spaces, Shared Data Models, Transparent AI

New market structures (using also control theory)

UN Deliverable on “Redefining smart city platforms: Setting the stage for Minimal 
Interoperability Mechanisms” has been published.

Please find the deliverable here: https://www.itu.int/en/publications/Documents/tsb/2022-U4SSC-Redefining-smart-
cityplatforms/index.html#p=1
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EU Report on Data Spaces

Dognini, Alberto, Challagonda, Chandra, Maqueda Moro, Erik, Helmholt, Kristian, 
Madsen, Henrik, Daniele, Laura, Schmitt, Laurent, Genest, Olivier, Riemenschneider, Rolf, 
Böhm, Robert, Ebrahimy, Razgar, Temal, Lynda, Calvez, Philippe, & Ben Abbes, Sarra. (2022). 
Data Spaces for Energy, Home and Mobility (1.07). Zenodo. https://doi.org/10.5281/zenodo.7193318
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UN Report: IT Architecture for 
Smart Buildings and Cities
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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 



Space of Solutions

BatteriesGrids

Flexibility 
(enabled by AI, Digital Twins, Communication, IoT)
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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



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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  EU Report: Smart-Energy OS
The Transformative Power of Digitalization

(Static)

Conventional
Markets

(Dynamic)

Local Flexibility
Markets

(Hierarchy of 
controllers)

Linking 
Markets to 
Physics 
using MIMs

(Flexibility 
Functions)
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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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Penalty (examples)
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Case study 

Price-based Control of 
Power Consumption 

(Peak Shaving)
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Aggregation (over 20 houses)
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Response on 
Price Step Change

5 hours
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Control performance

Considerable reduction in peak consumption
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Flexibility Function Examples
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Flexibility Function Model (nonlinear version) describes the energy 
demand of a price-responsive systems as function of price and state of 
charge.

Flexibility Function Model

X = state of charge
B = demand (at constant price) / baseline
f(*) = Demand-SoC relationship
g(*) = Demand-Price relationshipffkasdf
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Characterisation of Energy Flexibility

22

       Non-linear Flexibility Function using SDE’s
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The ‘market’ of tomorrow
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SE-OS Characteristics

Relies on the Minimal Interoperability Mechanisms (MIMs) 
roadmap for a digital transformation of energy systems

Flexibility Functions are used (as MIMs) to unlock flexibility at all 
scales

Security and Privacy by design

Data-driven digital twins 

Hierarchy of optimization and control problems

Provides link between markets and the physics

Combined Cloud, Fog, Edge based solutions

Simple setup for the communication and contracts

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



Case Study: 

DSO - 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)



Case Study 

Balance Responsible Parties: 
Summerhouses with a pool
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Data-driven models for the buildings
(Using lumped parameter models) 

32
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Summer house smart control: 
DSO-TSO Perspectives

Considered BRP-case which lead to savings:        
 approx. 30 pct

Built-in DSO-TSO coordination in solving grid 
challenges

Price signals important in balancing the 
distribution grids

New dynamic and geographical tariffs can solve 
many of the issues in summer house areas

New tariffs can take care of local energy systems

We can use inverters as voltage stabilizing 
devices

Automatic solutions targeting also small units
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Case study

Wastewater Treatment
(Joint work with Kruger)
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Flexibility Function
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Energy Flexibility in 
Wastewater Treatment 
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Urban Water Cycle
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Wastewater Treatment Plant



Nordic Network Regulation Group, Nov. 2022

Potential savings
(Wastewater Treatment Plants)
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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



Nordic Network Regulation Group, Nov. 2022

 Implementation: 
National Data Hub for 

Spatial and Temporal Data



        
Center Denmark

Control Room and Data Space
Spatial–Temporal thinking and coherency

Center Denmark aims at facilitating a trusted data space which put priorities in 
cyber security and in empowering the users (industry and customers) such 
that they are able to provide flexibility without being subject to 
disproportionate technical requirements, administrative requirements, 
procedures and charges 
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Trusted Data Sharing Platform



Business Ecosystem



Expected Drivers for the Transition 

More green (and fluctuating) energy production

Increased use of electricity everywhere

Increased deployment of district heating/cooling 
and green gas

Sector coupling and P2X

Digitalization 

Flexibility everywhere (also at the Edge) 

Energy savings



Energy Taxes for the Future

Taxes should be linked to physics

Taxes should be linked to the actual CO2 emission (locally – temporal 
and spatial)

Taxes should be the same for all energy sources

Taxes should be the same for all types of consumption

Taxes should hinder carbon leakage

Taxes most contain a fixed part (energy efficiency) and a part 
proportional with the CO2 emission (flexibility)

The total revenue can be maintained (it is a political decision)



Net Tariffs for the Future

We need dynamic tariffs (spatial – temporal)

Must be fair, transparent, safe and democratic

Should be instrumental in solving net related issues

Must be linked to physics

Stability issues are extremely important

Zero mean cost or non-zero mean cost depending on 
the issue
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Summary

An efficient implementation of the future weather-driven energy system 
calls for data-driven Smart Energy Systems   

We need digitalization and IoT solutions for enabling low-level 
flexibility markets

Minimum Interoperability Mechanisms (MIMs) are building blocks for 
sector coupling and for implementing IoT solutions    

We need transparent, safe, fair and democratic solutions 

We have proposed to use control-based methods for activating local 
flexibility (Smart-Energy OS) 

Savings: Wastewater treatment 40 – 50 pct; summer houses: 20 – 35 pct 
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Summary

We have described methods to unlock flexibility everywhere

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

We need data hubs for energy related streaming data (like Center 
Denmark)

We need a Business Ecosystem with Trusted Data Sharing and Living 
Labs (like TEF CitCom.ai)

We need transparent, safe, fair and democratic solutions 

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 National Digitalization Hub, Center Denmark
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