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Forward contracts

Decision-making tool

= Example

Scenario reduction

= Example
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CVaR

* Determining the Value-at-Risk (VaR)

VaR,(n)=min{:F (§) 21-a}

iE

Scenario | Profit ($) Prob Cum prob Alfa | VaR ($)
wl 12 0.1 0.1 0]
w2 16 0.1 0.2 0.2
w3 20 0.2 0.4 0.5
w4 30 0.2 0.6 0.8
w5 48 0.2 0.8
w6 51 0.2 1.0
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CVaR

* Determining the Value-at-Risk (VaR)

VaR,(n)=min{:F (§) 21-a}

iE

Scenario | Profit ($) Prob Cum prob Alfa | VaR ($)
wl 12 0.1 0.1 0] 51
w2 16 0.1 0.2 0.2 48
w3 20 0.2 0.4 0.5 30
w4 30 0.2 0.6 0.8 16
w5 48 0.2 0.8
w6 51 0.2 1.0
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CVaR

= Determining the Conditional Value-at-Risk (CVaR),
defined as the average value of the profits lower

than the VaR.

Scenario | Profit ($) | Prob Cum prob Alfa | VaR ($) | CVaR ($)
wl 12 0.1 0.1 0 51
w2 16 0.1 0.2 0.2 48
w3 20 0.2 0.4 0.5 30
w4 30 0.2 0.6 0.8 16
w5 48 0.2 0.8
w6 51 0.2 1.0
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CVaR

= Determining the Conditional Value-at-Risk (CVaR),
defined as the average value of the profits lower

than the VaR.

Scenario | Profit ($) | Prob Cum prob Alfa | VaR ($) | CVaR ($)
wl 12 0.1 0.1 0] 51 32.6
w2 16 0.1 0.2 0.2 48 28.0
w3 20 0.2 0.4 0.5 30 19.6
w4 30 0.2 0.6 0.8 16 14
w5 48 0.2 0.8
w6 51 0.2 1.0
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CVaR

= Optimization problem
W

CVaR__, . = Maximize ¢ —%annw
— yq

ST. n, =-11,+¢& vw

WE

7, >0 YW E(®)

o.f. ($)

12
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CVaR

= Optimization problem
W

CVaR__, . = Maximize ¢ —%annw
— yq

ST. n, =-11,+¢& vw

iE

7, >0 YW E(®)

o.f. ($)

12

Scenario n,

wl

w2

w3

w4

O|0o|O0|0O |0

wb
w6 0]
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CVaR

= Optimization problem
W

CVaR__, . = Maximize ¢ —%annw
— yq

ST. n, =-11,+¢& vw

iE

7, >0 YW E(®)

o.f. ($)

12

12.0

Scenario n,

wl

w2

w3

w4

O|0o|O0|0O |0
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w6 0]
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CVaR

= Optimization problem
W
CVaR__, . = Maximize ¢ —LZanW
| l-a w=1

ST. n, =-11,+¢& vw

WE

7, >0 YW E(®)

o.f. ($)

12

12.0

16
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CVaR

= Optimization problem
W

CVaR__, . = Maximize ¢ —%annw
— yq

ST. n, =-11,+¢& vw

iE

7, >0 YW E(®)

o.f. ($)

12

12.0

Scenario n,

16

wl

w2

w3

w4

|00 |O |+

wb
w6 0]
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CVaR

= Optimization problem
W

CVaR__, . = Maximize ¢ —%annw
— yq

ST. n, =-11,+¢& vw

iE

7y >0 Yw £® 0.f. ($)
_ 12 12.0
Scenario n, 16 15 2
wl 4
w2 0
w3 0
w4 0
w5 0
w6 0
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CVaR

= Optimization problem

W
CVaR __,. = Maximize ¢ _%Zﬂ-wnw
— yq

HE

(

ST. n, =-11,+¢& vw
1, >0 YW £'(9) o.f. ($)

12 12.0
16 15.2
Alfa | VaR ($) | CVaR ($) 20 17.6
0 51 32.6 30 196
0.2 48 28.0 18 16.0
0.5 30 19.6 51 142

0.8 16 14
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Forward contracts

= Definition

Quantity of energy
Delivery period
Fixed price

Profit

Nc
F
1" = Aoy PeyLo

c=1
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Forward contracts

SPANISH POWER

Base
YR-13 51,20
YR-14 50.60
Q3-12 55.50
Q4-12 53.55
01-13 53.44
Q2-13 43,47
Q3-13 52.55
Q4-13 50.38
M May-12 50,55 ¥
M Jun-12 55.33
M Jul-12 56.70
M Aug-12 54.78
M Sep-12 55.00
Whk17-12 47.23
Wk1B-12 45.00
Wk19-12 50.25
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Peak

55.47
04.87
09.74
58.01
5771
5275
56,81
9463
35.27
a0.34
60.94
58.98
59.29
32.23
52.88

55.27

Production cost (€/MWh) 20
Maximum capacity (MW) 150
Minimum output (MW) 50
Price dl|(d2|d3|d4 |d5|d6 | d7
(€/MWh) | 55 1 55 |52 |52 |52 | 52 | 52
Pool? Contracts?

=
=
=
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SPANISH POWER
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Forward contracts

SPANISH POWER

Base
YR-13 51,20
YR-14 50.60
Q3-12 55.50
Q4-12 53.55
01-13 53.44
Q2-13 43,47
Q3-13 52.55
Q4-13 50.38
M May-12 50,55 ¥
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Forward contracts

SPANISH POWER

Base
YR-13 51,20
YR-14 50.60
Q3-12 55.50
Q4-12 53.55
01-13 53.44
Q2-13 43,47
Q3-13 52.55
Q4-13 50.38
M May-12 50,55 ¥
M Jun-12 55.33
M Jul-12 56.70
M Aug-12 54.78
M Sep-12 55.00
Whk17-12 47.23
Wk1B-12 45.00
Wk19-12 50.25
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Peak

55.47
04.87
09.74
58.01
5771
5275
56,81
9463
35.27
a0.34
60.94
58.98
59.29
32.23
52.88

55.27

Production cost (€/MWh) 20
Maximum capacity (MW) 150
Minimum output (MW) 50
Price dl|d2 |d3|d4 |d5|d6 | d7
(€/MWh) A7 | 47 |47 | 47 | 47 | 47 | 47
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Forward contracts

= Optimization problem
.

Maximize A.P.T, +Z(/1f’ P" -C, Pf)
=1

ST. p™t <PC <p™ vt
P°=P" +P, vt
P >0 vt
P.>0

i
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SPANISH POWER .
Production cost (€/MWh) 20

Base Peak
_ i e Maximum capacity (MW) 150
R4 — e Minimum output (MW) 50
0Q3-12 55.50 59.74
Q4-12 53.55 53.01
Q1-13 2344 s7.71 dl | d2 [ d3 | d4 | d5 | d6 | d7
Q2-13 43.47 52.75 Price
Q3-13 52.55 56.81 52 | 62 | 52 | 52 | 52 | 52 | 52
04-13 50,35 54.63 (€/MWh)
M May-12 50,65 ¥ 55,27 47 | 47 | 47 | 47 | 47 | 47 | 47
M Jun-12 55.33 o0.34
M Jul-12 56.70 60.94 Average price 49.5 €/MWh
M Aug-12 54.78 53.98
M Sep-12 55,00 59,29 Pool? Contracts? Depends on
Wki7-12 47,23 52.23 . .

risk-aversion!

Wki18-12 43.00 52.58
wki9-12 50,25 55,27
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Forward contracts

= Optimization problem

. 1
Maximize -7
3 1_0{% T

ST. HW:/ICPCTC+i(/1§V PP —C,PS) YW
t=1

RS =P 4P

Pmin < Pt\(f/ < Pmax

My 2 ~T1, +¢

n, =0 vw
P">0 vt
P.>0

Vvt, Vw
Vi, Vw
vw
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Forward contracts

SPANISH POWER

Base
YR-13 51,20
YR-14 50.60
Q3-12 55.50
Q4-12 53.55
01-13 53.44
Q2-13 43,47
Q3-13 52.55
Q4-13 50.38
M May-12 50,55 ¥
M Jun-12 55.33
M Jul-12 56.70
M Aug-12 54.78
M Sep-12 55.00
Whk17-12 47.23
Wk1B-12 45.00
Wk19-12 50.25
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Peak

55.47
04.87
09.74
58.01
5771
5275
56,81
9463
35.27
a0.34
60.94
58.98
59.29
32.23
52.88

55.27

=
=
=

HE

Production cost (€/MWh) 20
Maximum capacity (MW) 150
Minimum output (MW) 50
dl (d2 [ d3 | d4 | d5 | d6 | d7
zi/CI\jWh) 52 | 52 |52 |52 |52 |52 |52
47 | 47 | 47 | 47 | 47 | 47 | 47
Average price 49.5 €/MWh
Alfa Pool? Contracts?
0] 150 o)
0.95 0] 150
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Forward contracts

Price (euro/MWh)

Pool price

Time (b)

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

24

Price (euro/MWh)

\U/\
\/ /

Pool price

Forward
contract price

Time (h)

Lecture 6: “Risk management through forward contracts”
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Forward contracts

25

Unit forced
out

Price (euro/MWh)

\U/\
\/ /

Pool price

Forward
contract price

Time (h)
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Forward contracts

NE

wk17-12 47.23 52,23 Production cost (€/MWh) 20
R == o Maximum capacity (MW) 150
Wk19-12 50,25 55,27
Minimum output (MW) 50
Availability (FOR=0%) Price (€/MWh)
dl | d2 | d3 | d4 | d5 | d6 | d7 dl | d2 | d3 | d4 | d5 | d6 | d7
1 1 1 1 1 1 1 52 | 52 | 52 | 52 | 52 | b2 | 52
47 | 47 | 47 | 47 | 47 | 47 | 47
FOR = 0%
Alfa Contracts
0 0
0.95 150
26 Lecture 6: “Risk management through forward contracts” Tools for decision making under uncertainty in electricity markets



Forward contracts

NE

wk17-12 47.23 52,23 Production cost (€/MWh) 20
R == o Maximum capacity (MW) 150
Wk19-12 50,25 55,27
Minimum output (MW) 50
Availability (FOR=10%) Price (€/MWh)
dl | d2 | d3 | d4 | d5 | d6 | d7 dl | d2 | d3 | d4 | d5 | d6 | d7
1 1 1 1 1 1 1 52 | 52 | 52 | 52 | 52 | b2 | 52
0 0 0 0 0 0 0 47 | 47 | 47 | 47 | 47 | 47 | 47
FOR = 0% FOR = 10%
Alfa Contracts Contracts
0 0 0
0.95 150 0
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Forward contracts

= Optimization problem

. 1
Maximize -7
3 1_0{% T

ST. HW:/ICPCTC+i(/1§V PP —C,PS) YW
t=1

RS =P 4P

Pmin < Pt\(f/ < Pmax

My 2 ~T1, +¢

n, =0 vw
P">0 vt
P.>0

Vvt, Vw
Vi, Vw
vw
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Forward contracts

= Optimization problem

l W
Maximize & - D 7,
=1

11— 4o
]
ST. M, = APT,+ > (# P’ —C, PS) YW

t=1

P> =P, +P vt, VW

k,P™ <PS <k, P™ vt, Yw

n,=-11,+<& vw

n, =0 vw

P?>-(1-k,)P™ i

P.>0
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Price

WE

Scenario generation

ARIMA

ip P P P
APy = ® ()\(t_l), Alt—2)s -+ s )\(t_p)) +

+@(5<t—1>»5<t—2)»---»8<t—q>) +5/4

forecast
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Price

WE

Scenario generation

ARIMA

ip P P P
APy = ® ()\(t_l), Alt—2)s -+ s )\(t_p)) +

+0 (5<t—1>»5<t—2>» - »Eu—q)) +ew

scenario 1

/\/\scenario 2

N
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Scenario reduction

Price

scenario 1

scenario 2

Time
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Scenario reduction

Price

scenario 1

Time

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



-

Scenario reduction

Price

scenario 2

Time
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Scenario reduction

Price

250 €
215 €

Time
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Scenario reduction

Price

250 €
215 €

Time
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Scenario reduction

Price

250 €

Time
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Scenario reduction

Production cost (€/MWh) 8
Maximum capacity (MW) 150
Minimum output (MW) 0
Scenario tl 2
wl 20 20
w2 20 9
w3 15 15
w4 9 20
w5 10 9
w6 9 9
Contract Price Pmax
cl 13.5 50
c2 9.5 50
38 Lecture 6: “Risk management through forward contracts”
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Price (euro/MWh)

- Time (h)
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Scenario reduction

= Technique A

18

16

14

Price (euro/MWh)

10

]

1 Time (h)
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Scenario reduction

= Technique A

= Distance between two scenarios

(@ @) =[E, =&,
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Scenario reduction
= Technique A

Wi
20 - - — - === -2
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Price (euro/MWh)

Scenario reduction

= Technique B

WE

20

15l Scenario Profit
wil 3600

16F w2 1950
w3 2100

147 w4 1950

1l w5 450
w6 300

10F

8

3

1 Time (h)
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Scenario reduction

iE

= Technique B
Scenario Profit 20 wi
wl 3600
w2 1950 18+ o E
'
w3 2100 —
w4 1950 Z 167
= w3
W5 450 =3
Z 14f
w6 300 =
£ ol i
10t s
we
8
) 9
Time (h) =
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Scenario reduction

MWh)

0/ MWh)

»/MWh)

DN

———————————————————————— Pad
.
1 Time (I
1 Time (h)
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> Profit (6 scenarios) = 1725 €

—> Profit (3 scenarios Technique A) = 1700 €

> Profit (3 scenarios Technique B) = 1725 €

Tools for decision making under uncertainty in electricity markets
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Scenario reduction
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Thanks for your attention!
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