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Case study
 2 months (P1 = first month, P2 = second month)

 Generating unit

 Pmax = 350 MW, Pmin = 50 MW, C = 12 €/MWh (linear)

 Three FOR values: 0, 5 and 10%

 30 pool-price scenarios (ARIMA)

 30 availability scenarios for each value of  FOR

 2 forward contracts, one for each month

 1 put option spanning the second month
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19 20 21 22 23 24 25 26 27
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

 

 

FOR = 0%

FOR = 5%

FOR = 10%

19 20 21 22 23 24 25 26 27
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

 

 

FOR = 0%

FOR = 5%

FOR = 10%

α = 0 α = 0.5

Case study
 MAXIMUM OPTION PRICE

65Strike price << Spot OPTION FORWARD



Case study
 MAXIMUM OPTION PRICE

66

↑ risk aversion →OPTION ≈ FORWARD

19 20 21 22 23 24 25 26 27
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

 

 

19 20 21 22 23 24 25 26 27
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

 

 

α = 0 α = 0.5



Case study
 MAXIMUM OPTION PRICE

67

FOR not relevant ↑FOR→OPTION

19 20 21 22 23 24 25 26 27
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

 

 

FOR = 0%

FOR = 5%

FOR = 10%

19 20 21 22 23 24 25 26 27
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

 

 

FOR = 0%

FOR = 5%

FOR = 10%

α = 0 α = 0.5



Model

68

tF ~ exp(MTTF)

tR ~ exp(MTTR)
t

t e
u

up )()(
)( 







 









1
1 0

0 100 200 300 400 500 600
0

0.2

0.4

0.6

0.8

1

P
ro

b
ab

il
it

y

Time (h)

p(u
t
=1|u

0
=1)

p(u
t
=1|u

0
=0)

0 100 200 300 400 500 600
0

0.2

0.4

0.6

0.8

1

P
ro

b
ab

il
it

y

Time (h)

p(u
t
=1|u

0
=1)

p(u
t
=1|u

0
=0)

MTTF<<T MTTF>>T

Unit availability



Case study
 MAXIMUM OPTION PRICE (impact of  MTTF)

69

FOR = 5% FOR = 10%

19 20 21 22 23 24 25 26 27
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

 

 

MTTF = 950 h

MTTF = 1900 h

19 20 21 22 23 24 25 26 27
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

 

 

MTTF = 450 h

MTTF = 900 h

↑FOR→OPTION ↑MTTF→OPTION



Outline

Introduction

Model

Case study

Conclusions

70



Outline

Introduction

Model

Case study

Conclusions

71



Conclusions

72

Multi-stage 

stochastic 

programming



Conclusions

73

Options
Price and 

availability risk



Conclusions

74

Options Forwards

Options
Price and 

availability risk



Conclusions

 Strike price ≈ Spot

 FOR with ↑MTTF

 Option price < Max. Option
75

Options

Options
Price and 

availability risk

Forwards



Forwards

Conclusions

 Strike price ≈ Spot

 FOR with ↑MTTF

 Option price < Max. Option
76

Options

Options
Price and 

availability risk



Conclusions

 Forward price > Spot

 ↓FOR

 ↓MTTF
77

Options

Options
Price and 

availability risk

Forwards



Options

Options

Conclusions

 Forward price > Spot

 ↓FOR

 ↓MTTF
78

Price and 

availability risk

Forwards



Conclusions

 How do electricity options work?

 How can electricity options be modeled?

 How do electricity options reduce price risk? 

 How do electricity options reduce availability risk?

When is an option contract more profitable than a 

forward contract?

79



80

Thank you!

Questions?

www.uclm.es/area/gsee



Model

81

Pool

 













O

CCT

N

o

oo

S

ooo

O

oo

cccc

N

c

ccc

N

c

c

N

t

G

tt

P

t

P

t

TPyPv

TPPTPPCTP

1

2

221

1

11

1

1

1
222

2

2

211

1

1

1

)(

)()(







profit

period  timeofDuration 

pool in the soldPower 

price Pool







t

P

t

P

t

T

P



Stochastic programming

Objective function

Maximize CVaR α(profitω)

Constraints

Forward and option constraints

Nonanticipativity constraints

Production unit bounds

Energy balances



Model

82

Cost

 













O

CCT

N

o

oo

S

ooo

O

oo

cccc

N

c

ccc

N

c

c

N

t

G

tt

P

t

P

t

TPyPv

TPPTPPCTP

1

2

221

1

11

1

1

1
222

2

2

211

1

1

1

)(

)()(







profit

power  Generated

functionCost )(





G

tP

C



Pool

Stochastic programming

Objective function

Maximize CVaR α(profitω)

Constraints

Forward and option constraints

Nonanticipativity constraints

Production unit bounds

Energy balances



Stochastic programming

Model

83

duration contract Forward

power Sold

 price Forward

1 period spanning Contracts







1

1

1

1

1

c

c

c

T

P



Forward 1

 













O

CCT

N

o

oo

S

ooo

O

oo

cccc

N

c

ccc

N

c

c

N

t

G

tt

P

t

P

t

TPyPv

TPPTPPCTP

1

2

221

1

11

1

1

1
222

2

2

211

1

1

1

)(

)()(







profit

Pool Cost

Objective function

Maximize CVaR α(profitω)

Constraints

Forward and option constraints

Nonanticipativity constraints

Production unit bounds

Energy balances



Model

84

duration contract Forward

1/2 stage inpower  Sold

1/2 stage in price Forward

2 period spanning Contracts







2

22

22

21

21

c

cc

cc

T

PP 



,

,

Forward 1

 













O

CCT

N

o

oo

S

ooo

O

oo

cccc

N

c

ccc

N

c

c

N

t

G

tt

P

t

P

t

TPyPv

TPPTPPCTP

1

2

221

1

11

1

1

1
222

2

2

211

1

1

1

)(

)()(







profit

Pool Cost Forward 2

Stochastic programming

Objective function

Maximize CVaR α(profitω)

Constraints

Forward and option constraints

Nonanticipativity constraints

Production unit bounds

Energy balances
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Stochastic programming
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Maximize CVaR α(profitω)
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Constant (availability scenario)

Binary variable (on/off)

Stochastic programming

Objective function

Maximize CVaR α(profitω)

Forward and option constraints

Nonanticipativity constraints

Constraints

Energy balances

Production unit bounds
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Stochastic programming

Objective function

Maximize CVaR α(profitω)

Constraints

Forward and option constraints

Nonanticipativity constraints

Production unit bounds

Energy balances



Model

88

0

0

0

21

1

22

1







o

cc

c

P

PP

P



Stochastic programming

Objective function
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Case study

 (a) sell 350MW during the second month at 21€/MWh. Re-

trading in stage 2 at the following prices:

 (b) buy a put option to sell 350MW during the second 

month at 21€/MWh. Option price = 0.1€/MWh

89

λ2c2ω 20.69 22.42 24.15

Probability 0.25 0.5 0.25

α
FOR = 0% FOR = 5% FOR = 10%

(a) (b) (a) (b) (a) (b)

0 5.245 5.418 5.141 5.314 5.035 5.209

0.5 5.078 5.117 4.919 4.970 4.756 4.860

0.9 5.078 5.055 4.599 4.649 4.429 4.499


