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CITIES Innovation Center
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Challenges 
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Challenges

Alm
ost no Flexibility 
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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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Data-Intelligent and Flexible
Energy Systems 



Digitalisering af forsyningssektoren, Workshop KK, Febr. 2022Digitalisering af forsyningssektoren, Workshop KK, Febr. 2022

Space of Solutions

Batteries(Super) 
Grids

Flexibility (enabled by AI, Energy Systems 
Integration and IoT)
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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
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  Smart-Energy OS
The Transformative Power of Digitalization
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Case study (Level III) 

Price-based Control of 
Power Consumption 

(Peak Shaving)
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Aggregation (over 20 houses)



Digitalisering af forsyningssektoren, Workshop KK, Febr. 2022Digitalisering af forsyningssektoren, Workshop KK, Febr. 2022

Response on 
Price Step Change

5 hours
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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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The ‘market’ of tomorrow
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Case study (level IV) 

Control of Heat Pumps
(Price/CO2-based control)
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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    
(savings 10-30 pct)
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Case study

Data-driven methods for district 
heating systems

(with CPH Solution Lab and HOFOR)
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Forbedring i nøjagtighed: 
20 – 90 pct 
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Heat Load Forecasts at Varmelast 

36 pct improvements with state-of-the-art forecasting tool
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Controllers for supply 
temperature

 Frequent meter data gives new 
possibilities

 – and extra savings
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Temperature at end-users 
(Tingbjerg)

Higher precision = 5 C temp. reduction
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Supply temperature (Svebølle-
Viskinge) 

Old and new controllers
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Case study

Wastewater Treatment
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Wastewater Treatment Plants
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  Example: Control of Wastewater 
Treatment Plant (Nørre Snede)

Optimizing operational costs – 9.2 pct savings 
compared to currently implemented control

Optimizing (minimizing) GHG emissions – 40.9 pct 
lower emission compared to optimizing for costs
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Case study 
(using existing markets)

Water Distribution Network
(joint work with Grundfos)
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Flexibility Function 
(key concept)
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Larger savings with optimized market conditions – i.e. the Smart-Energy OS

For more information:

Junker, R. G., Kallesøe, C. S., Real, J. P., Howard, B., Lopes, R. A., & Madsen, H. (2020). Stochastic nonlinear modelling and application of price-based 
energy flexibility. Applied Energy, 275(1), 115096. https://doi.org/10.1016/j.apenergy.2020.115096
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Center Denmark 

 Digitalization Hub for 
Accelerating the Green Transition



Business Ecosystem
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Trusted Data Sharing Platform



        

Center Denmark – Control Room
Spatio-Temporal Thinking
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Summary
The future weather-driven energy system calls 

for digitalization of the energy systems in 
Smart Cities.    

We need a deep digitalisation (AI, IoT, 
Cloud/Fog/Edge Computing, etc.)

We need transparent, safe and democratic 
solutions

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

We need a Business Ecosystem with Living 
Labs 

We are looking forward to EU’s upcoming 
‘Digitalisation of Energy Action Plan’ 
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Data-driven Characterization of 
the Thermal Performance of 

Buildings
(Digital X-ray)
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Example

U=0.21 W/m²KU=0.86 W/m²K

Consequence of good or bad workmanship (theoretical value is U=0.16W/m2K)



 
Digitalisering af forsyningssektoren, Workshop KK, Febr. 2022Digitalisering af forsyningssektoren, Workshop KK, Febr. 2022

Results 
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Perspectives 

Identification of most 
problematic buildings

Automatic energy labelling

Recommendations:

Should they replace the 
windows?

Or put more insulation on 
the roof?

Or tigthen the building?

Should the wall against north 
be further insulated?

......

Better control of the heat supply 
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Data-driven Energy 
Performance of Buildings

Data-driven methods supporting the 
Renovation Wave Strategy

Data-driven methods for identifying the 
efficiency of buildings 

Energy performance mapping of buildings

Digital Energy Performance Certificates 
(EPC) 

Energy Flexibility Rating (Digital SRI)
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Model for the heat dynamics

Equivalent Modell

Measurements:

– Indoor air temp

– Radiator heat sup.

– Ambient air temp

– Solar radiations

Hidden states are:

– Heat accumulated 
in the building

– k: Fraction of solar 
radiation entering 
the interior
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 Perspectives ...

Better utilization of 
renewable energy 
(solar and wind 
power)

Decision system 
regarding cleaning of 
the windows!

k
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Data-driven 
Energy Performance Mapping 

of Buildings
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Summary
The future weather-driven energy system calls 

for digitalization of the energy systems in 
Smart Cities.    

We need a deep digitalisation (AI, IoT, 
Cloud/Fog/Edge Computing, etc.)

We need transparent, safe and democratic 
solutions

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

We need a Business Ecosystem with Living 
Labs 

We are looking forward to EU’s upcoming 
‘Digitalisation of Energy Action Plan’ 
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Case study 

Service-based Control of 
Indoor Comfort
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AS4.0  + SE-OS: Hierarchy of 
Optimatization and Control 

Problems
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Sector coupling
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