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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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Temporal and Spatial Scales
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  Smart-Energy OS
The Transformative Power of Digitalisation

(Static)

Conventional
Markets

(Dynamic)

Local Flexibility
Markets

(Hierarchy of 
controllers)

Linking 
Markets to 
Physics

(Flexibility 
Functions)
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Flexibility Function
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Case study 
(using existing markets)

Water Distribution Network
(joint work with Grundfos)
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Flexibility Function 
(key concept)



Energinet and Center Denmark Workshops on Energy Smart WaterEnerginet and Center Denmark Workshops on Energy Smart Water



Energinet and Center Denmark Workshops on Energy Smart WaterEnerginet and Center Denmark Workshops on Energy Smart Water



Energinet and Center Denmark Workshops on Energy Smart WaterEnerginet and Center Denmark Workshops on Energy Smart Water



Energinet and Center Denmark Workshops on Energy Smart WaterEnerginet and Center Denmark Workshops on Energy Smart Water



Energinet and Center Denmark Workshops on Energy Smart WaterEnerginet and Center Denmark Workshops on Energy Smart Water

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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Case study

Wastewater Treatment
(Joint work with Kruger)
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Energy Flexibility in 
Wastewater Treatment 
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Urban Water Cycle
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Wastewater Treatment Plant
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Potential 
(Wastewater Treatment Plant)
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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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SE-OS control of pumps
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Center Denmark 

 Digitalisation Hub for 
Accelerating the Green Transition
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Trusted Data Sharing Platform



        
Center Denmark

Control Room and Data Space
Spatial–Temporal thinking

Center Denmark aims at enstablishing a trusted data-sharing data space 
which put priorities in cyber security and in enpowering the 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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SE-OS at Center Denmark
Control Hierarchies 
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Some highlights
The Technical Aggregator and Data Spaces at Center Denmark are 
designed such that we can shift between any external ’penalty signal’. 

Control-based methods for linking high-level markets with the (low-level) 
physics

New possibilities for BRPs in bidding in flexibility - also on existing markets

We are able to shift to any ‘penalty signal’ with a very short notice.  It can be 
energy efficient, price efficient or emission efficient.  

It will be a Cloud/Fog/Edge based control of smart buildings/water systems/
…. – and in such a way that they can support the future smart grid (eg. voltage 
control and congestion management)

GDPR and privacy compliant by design (no online feedback) 
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 DSO Perspectives 
Well designed price signals important in balancing of the distribution grid

New tariff models to support price signals

Local tariffs are possible 

Real-time tariffs linked to the actual challenges in the grid 

New tariff that can take care of local energy system – which is ‘off grid’

Better support for (local) energy communitives 

Better power quality at LV level 

Users (incl industry) can contribute with their flexibility

Possibility for multi-supply systems (eg. district heating and electricity for heating)

Privacy by design

Better (active) use of transformators

New ways to integrate battery systems into the power grid

Use the inverters as voltage stabilizing devices in the grid

Can facilitate energy systems integration / sector coupling
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 Perspectives / Next 
Steps 

Ongoing work with Danish Energy Agency on digitalization 
for DSO and the future business model

Ongoing workshops with Energinet and Center Denmark on 
how to onlock flexibility in water handling

Several meetings with DG ENER, DG CNECT, ...  

Input on the upcoming Digitalisation of Energy Action Plan

G-PST initiative (US-DK)

DK-US Seminar ‘Modeling and Optimal Design of Our Future 
Digital Energy Systems, June 2022, Boston 

Keynote lecture on FED Project at upcoming Conference:      
           Frontiers in Autonomous Systems 24-25 Nov.
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TSO perspectives 

Automated solutions targeting also small units

External control of specific units

Allow for specialized aggregators (eg. wastewater)

DSO-TSO combined optimization/coordination

Maximize flexibility potential

Reduced number of specialized markets (eg related to 
flexibility)

Smart integration of large-scale P2X facilities 

Facilitate energy systems integration
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Meetings with 
Margrethe Vestager
(main conclusions)

The future is trusted data sharing environments (exactly 
like    Center Denmark)

The most important single factor is ‘trust’!

Next to that is reasonable data sharing aggrements 
(Data spaces)

It is very important to be able to combine data from 
many different sources

We need to develop by test-and-evaluation (it’s not 
possible to design the solution before test) – we need 
to focus more on sandboxing. 

We need to focus on energy and data cooperatives (in 
Danish - Andelstanken)

We need disruptions (conventional solutions might not 
be solutions for the future)

We must ensure privacy, democracy, transparency, 
fairness,  GDPR, ...

Contracts must be simple and easy to understand
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Flexibility Function Model describes the energy demand of a price-
responsive systems as  function of price and state of charge.

Flexibility Function Model
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The ‘market’ of tomorrow
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Sector coupling
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