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Energy system 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 2020 Forecasting and Flexibility are essential

That’s the topics 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)
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Challenges

M
any projects have 

concluded:

Alm
ost no Flexibility 
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Data-Intelligent and Flexible
Energy Systems 
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:

Space of Solutions

Batteries(Super) Grids

Flexibility (enabled by AI and Energy Systems Integration)
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Use of AI and 
Energy Systems Integration  

By intelligently integrating currently distinct energy systems 
(heat, power, gas and biomass) using AI and ICT solutions we 
can unlock the flexibility needed for integrating large shares of 
fluctuating renewable energy sources
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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



Energy System Models 
for Real Time Applications and Data Assimilation  

Grey-box models are simplified models for the individual components 
facilitating system integration and use of sensor data
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  Smart-Energy OS
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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

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

Case Study: 
Price-based Control of 
Power Consumption 

(Peak Shaving)
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Aggregation (over 20 houses)
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Flexibility Function
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Control of Power
 Consumption
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Control performance

Considerable reduction in peak consumption
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Examples: Flexibility Function
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Penalty (examples)
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Smart Grid Applications
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Energy Flexibility in 
Wastewater Treatment 
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Flexibility Function
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Case study

Storage of Wind Energy in Swimming Pools 
(Cost/CO2 minimization)
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Partner
s
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Source: pro.electicitymap.org



Example: CO2-based control  (10-20 pct CO2 reduction)
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Data Centers and 
Data-Intelligent Operation

Large savings (90-95 pct) related to cooling of data 
centers using PCM (Center Denmark/EnergyCOOL)    
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CITIES Innovation Center
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Center Denmark

National Digitalization Hub for Accelerating the 
Green Transition by Green Innovation 
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Uni-Lab.dk
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Digitalization Hub - Center Denmark
A digitalization hub for data intelligent operation of integrated energy 

systems (electricity, thermal, gas, water)

A national hub for unlocking the flexibility potential for large scale 
integration of fluctuating renewable energy 

Tests on framework conditions have to be representative – and scaling is 
important

The new national smart energy hub is Center Denmark   (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 using digitalization and a 
smart energy hub

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 setup has the unique characteristics for being the 
ultimate smart energy hub for test and demonstration of future smart 
energy solutions
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Center Denmark
Become a partner – it’s free (see www.centerdenmark.com)

It will increase possibilities for eg. EU projects and support – also since 
Center Denmark is approved by the Commission
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Need for Regulatory Changes – Now!
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Need for Regulatory Changes

Today there are no incentives for being smart. We must ensure 
an ‘intelligent’ time varying price signal (SmartEn Europe - 
Bruxelles)

Average electricty price (15 pct – energy, 20 pct tariffs, 65 pct 
energy tax). We pay more for transport than for the energy

Taxes are constant  -> Should be linked to CO2 emission in real 
time. This would incentivice a smart energy system.

Tariffs are constant -> Should be linked to energy (kWh) and 
capacity (kW)

Excess heat is often not used -> 

We should harmonize the taxes 
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Intelligent price-signals
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Markets – 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 
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