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 Example

 Scenario reduction
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 Determining the Value-at-Risk (VaR)

CVaR

Scenario Profit ($) Prob Cum prob
w1 12 0.1 0.1
w2 16 0.1 0.2
w3 20 0.2 0.4
w4 30 0.2 0.6
w5 48 0.2 0.8
w6 51 0.2 1.0

}1)(:min{)( αξξη ηα −≥= FVaR

Alfa VaR ($)
0

0.2
0.5
0.8
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 Determining the Conditional Value-at-Risk (CVaR), 

defined as the average value of the profits lower 

than the VaR.

CVaR
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 Determining the Conditional Value-at-Risk (CVaR), 

defined as the average value of the profits lower 

than the VaR.

CVaR

Scenario Profit ($) Prob Cum prob
w1 12 0.1 0.1
w2 16 0.1 0.2
w3 20 0.2 0.4
w4 30 0.2 0.6
w5 48 0.2 0.8
w6 51 0.2 1.0

Alfa VaR ($) CVaR ($)
0 51 32.6

0.2 48 28.0
0.5 30 19.6
0.8 16 14
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CVaR
 Optimization problem

w
wTS

MaximizeCVaR

w

ww

W

w
ww

∀≥
∀+Π−≥

−
−= ∑

=
=

0
..

1
1

1
5.0

η
ξη

ηπ
α

ξα

($) o.f. ($)
12

*ξ



Tools for decision making under uncertainty in electricity markets8 Lecture 6: “Risk management through forward contracts”

CVaR
 Optimization problem

w
wTS

MaximizeCVaR

w

ww

W

w
ww

∀≥
∀+Π−≥

−
−= ∑

=
=

0
..

1
1

1
5.0

η
ξη

ηπ
α

ξα

($) o.f. ($)
12

*ξ

Scenario
w1 0
w2 0
w3 0
w4 0
w5 0
w6 0

ωη



Tools for decision making under uncertainty in electricity markets9 Lecture 6: “Risk management through forward contracts”
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CVaR
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Forward contracts
 Definition

 Quantity of energy

 Delivery period

 Fixed price

 Profit
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Forward contracts
Production cost (€/MWh) 20

Maximum capacity (MW) 150

Minimum output (MW) 50

Price 
(€/MWh)

d1 d2 d3 d4 d5 d6 d7

52 52 52 52 52 52 52

Pool? Contracts?
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Forward contracts
Production cost (€/MWh) 20

Maximum capacity (MW) 150

Minimum output (MW) 50

Price 
(€/MWh)

d1 d2 d3 d4 d5 d6 d7

52 52 52 52 52 52 52

Pool? Contracts?

150 0
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Forward contracts
Production cost (€/MWh) 20

Maximum capacity (MW) 150

Minimum output (MW) 50

Price 
(€/MWh)

d1 d2 d3 d4 d5 d6 d7

47 47 47 47 47 47 47

Pool? Contracts?
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Forward contracts
Production cost (€/MWh) 20

Maximum capacity (MW) 150

Minimum output (MW) 50

Price 
(€/MWh)

d1 d2 d3 d4 d5 d6 d7

47 47 47 47 47 47 47

Pool? Contracts?

0 150

Optimization problem?
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Forward contracts
 Optimization problem
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Forward contracts

Price 
(€/MWh)

d1 d2 d3 d4 d5 d6 d7

52 52 52 52 52 52 52

47 47 47 47 47 47 47

Pool? Contracts?

Average price 49.5 €/MWh

Production cost (€/MWh) 20

Maximum capacity (MW) 150

Minimum output (MW) 50

Depends on
risk-aversion!
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Forward contracts
 Optimization problem
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Forward contracts

Price 
(€/MWh)

d1 d2 d3 d4 d5 d6 d7

52 52 52 52 52 52 52

47 47 47 47 47 47 47

Alfa Pool? Contracts?

0 150 0

0.95 0 150

Average price 49.5 €/MWh

Production cost (€/MWh) 20

Maximum capacity (MW) 150

Minimum output (MW) 50



Tools for decision making under uncertainty in electricity markets23 Lecture 6: “Risk management through forward contracts”

Forward contracts



Tools for decision making under uncertainty in electricity markets24 Lecture 6: “Risk management through forward contracts”

Forward contracts
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Forward contracts
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Price (€/MWh)

d1 d2 d3 d4 d5 d6 d7

52 52 52 52 52 52 52

47 47 47 47 47 47 47

Forward contracts
Production cost (€/MWh) 20

Maximum capacity (MW) 150

Minimum output (MW) 50

FOR = 0%

Alfa Contracts

0 0

0.95 150

Availability (FOR=0%)

d1 d2 d3 d4 d5 d6 d7

1 1 1 1 1 1 1
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Price (€/MWh)

d1 d2 d3 d4 d5 d6 d7

52 52 52 52 52 52 52

47 47 47 47 47 47 47

Forward contracts

Availability (FOR=10%)

d1 d2 d3 d4 d5 d6 d7

1 1 1 1 1 1 1

0 0 0 0 0 0 0

Production cost (€/MWh) 20

Maximum capacity (MW) 150

Minimum output (MW) 50

FOR = 0% FOR = 10%

Alfa Contracts Contracts

0 0 0

0.95 150 0
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Forward contracts
 Optimization problem
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Forward contracts
 Optimization problem
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Scenario generation
 ARIMA

Time

Pr
ic

e

forecast
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Scenario generation
 ARIMA

Time

Pr
ic

e

scenario 1 

scenario 2

scenario 3 



Tools for decision making under uncertainty in electricity markets32 Lecture 6: “Risk management through forward contracts”

Scenario reduction
Pr

ic
e

Time

scenario 1 

scenario 2

scenario 3 
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Scenario reduction
Pr

ic
e
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scenario 1 

scenario 3 
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Scenario reduction
Pr

ic
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Time

scenario 2

scenario 3 



Tools for decision making under uncertainty in electricity markets35 Lecture 6: “Risk management through forward contracts”

Scenario reduction
Pr

ic
e

Time

250 €

215 €

205 €
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Scenario reduction
Pr
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Scenario reduction
Production cost (€/MWh) 8
Maximum capacity (MW) 150
Minimum output (MW) 0

Scenario t1 t2
w1 20 20
w2 20 9
w3 15 15
w4 9 20
w5 10 9
w6 9 9

Contract Price Pmax
c1 13.5 50
c2 9.5 50
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Scenario reduction
 Technique A
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Scenario reduction
 Technique A

 Distance between two scenarios

')',( ωω ξξωω −=c
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Scenario reduction
 Technique A
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Scenario reduction
 Technique B

Scenario Profit
w1 3600
w2 1950
w3 2100
w4 1950
w5 450
w6 300
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Scenario reduction
 Technique B

Scenario Profit
w1 3600
w2 1950
w3 2100
w4 1950
w5 450
w6 300
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Scenario reduction

Profit (6 scenarios) = 1725 €

Profit (3 scenarios Technique A) = 1700 €

Profit (3 scenarios Technique B) = 1725 €
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Scenario reduction
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Thanks for your attention!
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