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Existing Markets - Challenges 

Dynamics
Stochasticity
Nonlinearities
Many power related services (voltage, frequency, balancing, spinning 

reserve, congestion, ...)
Speed / problem size 
Characterization of flexibility 
Requirements on user installations 
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Ideas / Solutions
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The Smart-Energy Operating-System (SE-OS) is used 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
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  Direct and Indirect Control
For DC info about individual states and constraints are needed
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Control and Optimization
Day Ahead:
Stoch. Programming based on eg. Scenarios

Cost: Related to the market (one or two levels)

Direct Control:
Actuator: Power

Two-way communication

Models for DERs are needed

Constraints for the DERs (calls for state est.)

Contracts are complicated

Indirect Control:
Actuator: Price

Cost: E-MPC at low (DER) level, One-way 
communication

Models for DERs are not needed

Simple 'contracts'

In Wiley Book: Control of Electric Loads 
in Future Electric Energy Systems, 2015



A market of tomorrow
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SE-OS Characteristics

‘Bidding – clearing – activation’ at higher levels

Nested sequence of systems – systems of systems

Hierarchy of optimization (or control) problems

Control principles at higher spatial/temporal resolutions

Cloud or Fog (IoT, IoS) based solutions – eg. for forecasting and 
control

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

Allow for new players (specialized aggregators)

Simple setup for the communication and contracts 

Provides a solution for all ancillary services

Harvest flexibility at all levels 
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Models for describing flexibility

Data and statistical methods are used to establish 

grey-box models for characterizing thermal flexible 

energy systems – incl. models for the buildings    
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Indirect Control 

Control of HVAC System
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Aggregation (over 20 houses)
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Flexibility described by 
Step Response Functions 

5 hours



 
Annex 67, Lisbon, A2.3+A2.4 meeting, July 2017Annex 67, Lisbon, A2.3+A2.4 meeting, July 2017

Control of Power
 Consumption
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Control performance

Considerable reduction in peak consumption
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Characteristics

Considerable reduction in peak consumption
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Labelling proposal 
for energy, price and emission based labelling

Considerable reduction in peak consumption
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Direct Control  - 
or Bids for Conventional Markets 

Flexibility Related to 
Thermal Demand Response



Annex 67, Lisbon, A2.3+A2.4 meeting, July 2017Annex 67, Lisbon, A2.3+A2.4 meeting, July 2017

 
Flexibility Represented by

Saturation Curves
(for market integration using block bids)
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Characterization of Thermal Flexibility

We need to understand future energy/power markets (also 
for ancilary services)

For indirect control:
Step Response Functions
Flexibility depends on price
Area, Slope, Tmax, ....

For direct control:
Saturation Curves
Describes also rebound effect

Labelling has to be discussed – a reference might be useful 
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Some 'randomly picked' books on modeling  ....
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Thanks  ...

For more information

        www.ctsm.info 

        www.henrikmadsen.org

        www.smart-cities-centre.org

...or contact 
– Henrik Madsen (DTU Compute) 

hmad@dtu.dk
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