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Flexibility across hierarchies

Data-driven model
of demand response

Indirect control of demand
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= Hierarchical power system
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Fundamental challenges
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Power Flow
Optimization

& High communication requirements

220/380 kV

A Direct control of consumer demand \
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*=  Smart Energy Operating System (SE-OS)
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Interoperability through indirect control
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Price signal generator
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Interoperability through indirect control
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Indirect control through flexibility functions

Flexibility function: Predict flexible demand as function of

* Price
- State of charge (aggregate)
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Flexibility function
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State of charge (SDE)
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Uncertainty quantification

Fokker-Planck equation (numerical solution)
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Penalty Generator for, e.g

Voltage Control,

Balancing,

Load Management,
Congestion Management,

Penalty Generator <
(Controller) J (Penalty-responsive)

Price signal generation

= Penalty Signals for: Cost Efficiency,

Emission Efficiency,

Energy Efficiency

Flexibility Function
(Estimator)

Penalty Flexible User(s)
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i ] i Feedback control
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sz Generated price signals

Day-ahead prices Real-time prices Optimal feedback policy
(open-loop) (closed-loop, HJB)
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 Indirect control
Flexibility across hierarchies | < Time-varying flexibility

 Flexibility function
« SDE
 Real-time identification

Data-driven model
of demand response

« Day-ahead (open-loop)
Indirect control of demand - Real-time prices (closed-loop)
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Thank you
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