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Risk Management for Utilities
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Electricity Market

Forwards

   * Fixed delivery profile (base, peak, off-peak)
   * Fixed volume
   * Physically settled

European Call Options

   * Forwards as underlying instruments
   * Financially settled
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Financial Transactions
Costs (Uncertainties; Decisions)
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Financial Transactions

Constraints (Decisions)

Budget Constraints xi
F,t = xi

F,t−1 + xi
f,t

xj
C,t = xj

C,t−1 + xj
c,t

No-Short-Sales Constraints xi
F,t ≥ 0
xj

C,t ≥ 0

No-Trading Constraints xi
f,t = 0 if forward i has expired
xj

c,t = 0 if option j has expired
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Mean-Risk Model

minimize γ Expected Costs +(1− γ) Risk

subject to Budget Constraints
No-Short Sales Constraints
No-Trading Constraints
Non-Anticipativity Constraints

Certain past Uncertain future

Decisions depend
only on past
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Problem Complexity

* # State variables ∝ # contracts� 4
=⇒ DP problematic

* Arbitrage-free scenario tree
requires (# contracts +1)T scenarios
=⇒ SP problematic
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Dimensionality Reduction

* All uncertainties explained by few risk factors {ξt}Tt=1

* Eliminate perfect dependencies

* Use principal component analysis
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Stage Aggregation
* Observe uncertain parameters only every third (nth) stage

* Trading only reasonable when new information is revealed
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Linear Decision Rules

* Trading decisions: linear decision rules of the risk factors

Support of risk factors
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Problem Data

# stages 28
# forwards 3
# options 3
# risk factors 2 (demand, spot price)

⇒ SP would need
> 1021 scenarios

Uncertainty modelling:
* Spot price One-factor model w seasonality

(Lucia & Schwartz, 2002)

* Demand Log-Vasicek model w seasonality
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Efficient Frontier
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SAA Results
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LDR Results
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Value of Adaptivity

Ability to react to changing market
conditions⇒ risk reduction!
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