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Motivation

Danmarks elforbrug vs. gron elproduktion
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Kilde: Energi Data Service

Elektricitesproduktion [MWh per time]

. Produktion fra Vedvarende Energikilder . Produktion fra Fossile Braendstoffer . Forbrug

https://ing.dk/artikel/live-danmarks-elforbrug-og-elproduktion
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Motivation

W

Energy storage systems Increase renewable + curtail

Power-to-X Demand-side flexibility
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Types of flexible assets
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Direct vs. indirect control (incentivization)
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sz Types of flexibility (price-sensitivity)
Flexible and fast Flexible w. ramping time Complex
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Role of aggregators

Aggregated loads
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Interoperability through indirect control
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Indirect control through flexibility functions

W

Flexibility function: Predict flexible demand as function of
Price
“State of charge” (real or fictive)
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Fundamentals of flexibility functions

State of charge

W

X(t) =AD(t)/C (1)
Relationship between 1) state of charge and price and 2) demand

AD(t) = p(X (1), p(t)) (2)

Properties of “relative demand function”

©(0,0) = a(l — B), e(l,1) = —aB, (3a)
©(0,p) >0, ¢(1,p) <0 (3b)

Monotonicity (monotonically decreasing in each argument)

ﬁ(X,p) <0 or e(X,p) < ¢(Z,p), Z < X, (4a)
O
Demand

D(t) = B(t) + AD(t) (5)
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Sensitivity to price and state of charge
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Account for uncertainty
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Example (day ahead prices)
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sz Example: Price-sensitive flexible asset
Storage tank Building 0 WZIW\//‘/
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== Comparison of price signal generation strategies
>
Day-ahead (no uncertainty) Day-ahead (stochastic) Feedback control
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(a) Deterministic open-loop solution, (b) Stochastic open-loop solution, (¢) Stochastic closed-loop solution,
hourly price update hourly price update confinuous-time price update

Fig. 2: Optimal price signals and the resulting trajectories of x; and D, with process noise o, = 0.2. Blue line: Median,
Dark red area: 50% confidence interval. Light red area: 95% confidence interval.
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= Summary
o
Demand-side flexibility Aggregators generate
of complex assets/plants dynamic prices
Demand response model: Price signal generation:

Flexibility function Optimal/feedback control
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