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Outline
CVaR
Forward and option 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}

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}

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




M\ DTU

| _[aa8] |

S o CV .
a -

. 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

>T. My 211, +¢ YW

o.f. ($)

12
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CVaR

= Optimization problem
W

CVaR__, . = Maximize ¢ —%annw
— yq

>T. My 21, +¢ VW

My 2 0 YW 5*($)

o.f. ($)

12

Scenario n,

wl

w2

w3

w4

wb

o|lo|lo|o|o|o

w6
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CVaR

= Optimization problem
W

CVaR__, . = Maximize ¢ —%annw
— yq

>T. My 21, +¢ VW

My 2 0 YW 5*($)

o.f. ($)

12

12.0

Scenario n,

wl

w2

w3

w4

wb

o|lo|lo|o|o|o

w6
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CVaR =
= Optimization problem
W
CVaR __,;. = Maximize ¢&— 1 Z 7T oM
' 1_ =1
ST. n, =-11,+¢& vw
n, =0 vw £ o.f. ($)
12 12.0
16
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CVaR

= Optimization problem
W

CVaR__, . = Maximize ¢ —%annw
— yq

>T. My 21, +¢ VW

My 2 0 YW 5*($)

o.f. ($)

12

12.0

Scenario n, r

wl

w2

w3

w4

wb

o|lo|lo|o|lo|a

w6
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CVaR

= Optimization problem
W

CVaR__, . = Maximize ¢ —%annw
— yq

>T. My 21, +¢ VW

My 2 0 YW 5*($)

o.f. ($)

12

12.0

Scenario n,

16

15.2

wl

w2

w3

w4

wb

o|lo|lo|o|lo|a

w6

12
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CVaR

= Optimization problem

W
CVaR__,. = Maximize ¢ _%Zﬂ-wnw
— yq

w—
=
|

HE

ST. n, =-11,+¢& vw
n, =0 vw
Alfa | VaR ($) | CVaR ($)
0 o1l 32.6
0.2 48 28.0
0.5 30 19.6
0.8 16 14

E'($) o.f. ($)
12 12.0
16 15.2
20 17.6
30 19.6
48 16.0
51 14.2

13



Forward contracts
Definition
* Quantity of energy
= Delivery period
* Fixed price

=  Profit

Nc
F
1" = Aoy PeyLo

c=1

HE
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Forward contracts

SPANISH POWER
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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

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?

HE
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Forward contracts

SPANISH POWER
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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

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 di{d2|d3|d4 |d5|d6 | d7
(€/MWh) 1 55 152 |52 |52 | 52 | 52 | 52

Pool? Contracts?
150 0]

HE
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SPANISH POWER
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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

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
Pool? Contracts?

HE
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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

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
Pool? Contracts?
0] 150

Optimization problem?

HE

18



IIIIII

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

HE
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Forward contracts

SPANISH POWER

INDUSTRIALES
ETSII | UPM
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

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
Price
(€/MWh) 52 | 52 | 52 | 52 | 52 | 52 | b2
47 | 47 | 47 | 47 | 47 | 47 | 47

Average price 49.5 €/MWh

Pool? Contracts?

Depends on
risk-aversion!

20
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Forward contracts

= Optimization problem

1 W
Maximize ¢&- Dz,
=1

EW_

T
t=1

Ptvcs ] PtVs i Pc Vt,VW

pmh <P o <P™ o

N> T +& )

77W ZO VW
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Forward contracts

SPANISH POWER

INDUSTRIALES
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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

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
?glcl\jwm 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

22
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Price (euro/MWh)

Forward contracts

Time (h)

=
—
—

i
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Price (euro/ MWh)

Forward contracts

184 \J w \/
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Price (euro/MWh)

Forward contracts

\/\/\

N

Unit forced

- \J /\ f

Forward
contract price

Time (h)

=
—
—

i
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Forward contracts
wk17-12 47.23 52,23 Production cost (€/MWh) 20
R == o Maximum capacity (MW) 150
Wkigs-12 50,25 55.27
Minimum output (MW) 50
Availability (FOR=0%) Price (E/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 | b2 | 52 | b2 | 52
47 | 47 | 47 | 47 | 47 | 47 | 47
FOR = 0%
Alfa Contracts
0] 0]
0.95 150

) ;‘
L
{.—;‘

e

26
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Forward contracts

Wk17-12 47.23 52,23

Wk18-12 43,00 52.88

Wki9-12 50.25 55.27

Production cost (€/MWh) 20
Maximum capacity (MW) 150

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 | 62 | 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]

| —
L
{-—1

HE
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Forward contracts

= Optimization problem

1 W
Maximize ¢&- Dz,
=1

EW_

T
t=1

Ptvcs ] PtVs i Pc Vt,VW

pmh <P o <P™ o

N> T +& )
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Forward contracts

= Optimization problem

. 1 ¥
Maximize -7
3 1_0[% e

i
ST. M, = APT,+Y (4 P’ —C, PS) YW
t=1

P> =P, +P Vt, VW
k,P™ <PS <k, P™ vt, Yw

tw

n,=-11,+<& vw

PP > —(1-k,)P™ vt

HE
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Forward contracts

Results

700

600

(MW)
=
-

= 400

[

+ P,

—. 300¢f

P(f?l

200¢

100}

_______

o - — -0 — =0
~ 0 ~FOR = 0%
— o —FOR = 5%
FOR = 10%
0.4 0.6 0.8
P

HE

30
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Forward

contracts

Results
6 . .
— o —FOR = 0%
— o -FOR = 5% o0ad”=0
S8F FOR = 10% e
2 5.61 m| &P =0
E _ e =03 0aP =03
— 54Fa” =09 -
3 0P = 0.4
—_ - ) P _
= - af =10
St P =009
qlz | ﬂp = 03
af =0.4
a¥ =0.5
-q | | GP — D'g | |
0 0.2 0.4 0.6 0.8 1

o(Il,)) (million euro)

HE
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Option contracts

= Motivation

Pool market

N (price risk) y

Production unit

___(availability risk) ) =

Futures market

L (fixed price) y
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= Definition

[ Option contract ]

[ Forward contract ]

»Fixed price » Fixed price

»Obligation to buy/sell > Right to buy/sell

»No cost » Option price

33
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Option contracts

[ Option contract ]

» Two positions (buyer and seller of the option)
» Put options (right to sell)

» Call options (right to buy)

» European options (exercised at expiration)

» American options (exercised any time until

expiration)

NE
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Option contracts

[ Option contract ]

> Two positions (buyer|and seller of the option)

> Put options\(right to sell)

» Call options (right to buy)

»>|European options|(exercised at expiration)

» American options (exercised any time until
expiration)

35
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= PBasic idea

Option contracts

[ Period 1

I Period 2 ]

|

Sign a forward contract
to sell electricity during
period 2

I

Obligation to sell the agreed
electricity at the agreed
price 36
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= PBasic idea

profit

loss

()

Option contracts

— Forward

37
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= PBasic idea

[ Period 1 I Period 2 }

I

Sign a put option
to sell electricity
during period 2 v
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Option contracts

" Basic idea

% -
[—LI .

—_—

Sign a put option Option is exercised to
to sell electricity hedge against low prices
during period 2 *
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= PBasic idea

g;{f“

Option contracts

[ Period 1 I Period 2 ]
Sign a put option Option is not exercised

to sell electricity
during period 2

to obtain high profits

NE
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Option contracts

= PBasic idea

profit — Forward
— Option

S O

S _
\ "M Mgt
/ / AP
@)

Limited losses!

loss
41
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= PBasic idea

Py

Option contracts

[ Period 1 I Period 2 ]
Sign a put option Option is not exercised

to sell electricity
during period 2

to hedge against unit
failures

42
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= PBasic idea

P

Option contracts

[ Period 1 I Period 2
Sign a put option Option is exercised

to sell electricity
during period 2

43
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[ OBSERVE I

! |

DECIDE DECIDE

- N
Multi-stage

stochastic

rogrammin
_ Prog 9

=
—
f—

i
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Option contracts

Period 1 Period 2

<

Stage 1 Stage 2 Stage 3

NE
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Option contracts —
= Model
( . \14 Y4 )
 Sources of uncertainty || Forward Option
Pool pricesI Unit availability || contracts || contracts
L AN VAN W,
? I, i b
e'. - Options
> <
Pool Futures
market market |

46
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Option contracts

{ Stochastic programming }

Objective function

Maximize CVaR (profit,)
Constraints

Production unit bounds

Energy balances

Forward and option constraints
Nonanticipativity constraints

47
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[ Stochastic programming ]

Objective function
Maximize CVaR (profit,)

1 N
CVaR, =¢-— Sz
=< 1_a; oMo

— profit +¢ —n, <0
7,20

Constraints

Production unit bounds

Energy balances

Forward and option constraints
Nonanticipativity constraints

Option contracts

Risk aversion

w—
—
|

HE

48
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Option contracts
[ Stochastic programming ]
Period 1 Period 2
Objective function
Maximize CVaR (profit ) /<
Constraints <
Production unit bounds \<
Energy balances
Stage 1 Stage 2 Stage 3

Forward and option constraints
Nonanticipativity constraints

Second-stage decicions are made knowing
the scenario realization during period 1 but
still facing uncertainty related to period 2.
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Option contracts

= Example

»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

i



=
| [aan] |
INDUSTRIALES
ETSII | UPM

= Example

Option contracts

FOR = 0% FOR = 5% FOR =10%

) (a) (b) (a) (b) (a) (b)
0 |5.087| 5418 | 4984 | 5.314 | 4.878 | 5.209
0.5 |5.078| 5.117 | 4.872 | 4.970 | 4.664 | 4.860
0.9 |5.078| 5.055 | 4.549 | 4.649 | 4.374 | 4.499

HE

(a) sell 350MW during the second month at 21€/MWh. No

re-trading in stage 2.

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

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

= Example

FOR = 0% FOR = 5% FOR =10%

) (a) (b) (a) (b) (a) (b)
0 |5.087| 5418 | 4.984 | 5.314 | 4.878 | 5.209
0.5 |5.078| 5117 | 4.872 | 4.970 | 4.664 | 4.860
0.9 |5.078| 5.055 | 4.549 | 4.649 | 4.374 | 4.499

OPTION > FORWARD

52
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Option contracts

g FOR =0% FOR=5% FOR =10%
(a) (b) (a) (b) (a) (b)
0 5.087| 5.418 4984 | 5.314 | 4.878 | 5.209
0.5 [5.078| 5.117 4.872 | 4970 | 4.664 | 4.860
0.9 [56.078| 5.055 4549 | 4.649 | 4.374 | 4.499
E,{A\"} Yow
Period 1 Period 2 22.41 0
22.58 0
22.64 0
/. 20.97 1
\ 24.39 0
21.85 0
22.35 0
20.28 1
Stage 1 Stage 2 Stage 3 26.01 0
22.04 0

NE

53
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Option contracts

FOR = 0% FOR = 5% FOR =10%

) (a) (b) (a) (b) (a) (b)
0 |5.087| 5418 | 4.984 | 5.314 | 4.878 | 5.209
0.5 |5.078| 5.117 | 4.872 | 4.970 | 4.664 | 4.860
0.9 |5.078| 5.055 | 4.549 | 4.649 | 4.374 | 4.499

OPTIONS reduce price risk

HE
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Option contracts

q FOR =0% FOR=5% FOR=10%
(a) (b) (a) (b) (a) (b)

0 5.087| 5.418 4.984 5.314 | 4.878 5.209
0.5 [5.078| 5.117 4.872 4.970 4.664 | 4.860
0.9 |5.078| 5.055 4.549 4.649 4.374 | 4.499

E,{\} | 26.01 | 20.97 | 20.28
Period 1 Period 2 K

1 0 1 1

0 0 0 1

1 0 1 1

L 1 0 1 1
T 1 0 1 1

1 0 1 1

1 0 1 1

Stage 1 Stage 2 Stage 3 1 0 1 1
1 0 1 1

1 0 1 1

NE




Option contracts

FOR = 0% FOR = 5% FOR =10%

) (a) (b) (a) (b) (a) (b)
0 |5.087| 5418 | 4.984 | 5.314 | 4.878 | 5.209
0.5 [5.078| 5117 | 4.872 | 4.970 | 4.664 | 4.860
0.9 [5.078| 5.055 | 4.549 | 4.649 | 4.374 | 4.499

HE

OPTIONS reduce availability risk
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* Maximum option price
a=0
0.35 —— . . .
—o—FOR = 0%
0.3} —5—-FOR=5% -
\ FOR = 10%
025 5 |
s
2 02 @ \ -
S 2 s
> / \
L /
X AO].S' / -
Oco /‘
< / o)
0.1 ]
//
0.05} ;/ Q~\§h ]
0‘_2 7y :/“’gf 1 1 1 1 1 B “E. m
19 20 21 22 23 24 25 26 20

S
x(o) (euro/MWh)

0-35 T T T T T T T
—o—FOR = 0%
0.3} —B3—-FOR =5%
FOR = 10%
0.25} .
=
=
> 0.2 .
S
D ,
.= 0.15} [\ ]
(@) @ ','/ \\
< /,/ ‘\
0.1} Dfl i
0.05} ﬁf& h-§ |
' S
4 B
0 o 6 o 6 o 6 o o Buw o o
19 20 21 22 23 24 25 26 27

57
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" Scenario generation
= ARIMA
AP(t) — ®(A(t 1)7A(t 2),. . A(t p))_l_
g +@(€(t—1>»€<t—2>»---»8<t—q))+5/4
forecast
Time




l‘\

" Scenario generation
= ARIMA
N = (Ao Atz M)+
5 +0© (5(1;—1)75(75—2)7 . 75(t—q)) + €@
scenario 1
/\/\scenario 2
\/
Time )
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Price

HE

Scenario reduction

scenario 1

scenario 2

Time

60
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Price

Scenario reduction

scenario 1

Time
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Scenario reduction

Price
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scenario 2

scenario 3

Time
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" Scenario reduction —
250 €
215 €
Time
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" Scenario reduction —
250 €
215 €
Time
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Scenario reduction
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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

Price (euro/MWh)

14+

Time (h)

3
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Scenario reduction
Technique A

Price (euro/MWh)

L Time (h) :

67



I
ET

A
Scenario reduction

n TeChnique A

Distance between two scenarios

cl@0) =[¢, =&,

NE



M

 laaal |

INDUSTRIALES

ETSII | UPM

Scenario reduction

Technique A
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Scenario reduction =
= Technique B
20F
13t Scenario Profit
= wi 3600
2 160 w2 1950
2 w3 2100
| w4 1950
E 12+ WS 450
w6 300
10+
8

[

l Time (h)
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Scenario reduction

= Technique B

Scenario Profit ol ot
wl 3600 -
w2 1950 15l y
w3 2100 —
w4 1950 Z 16}
fi Ws
WS 450 S
w6 300 3 14+
= 1ot w4
10r we
We
T :,
: Time (h) 2
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>

Scenario reduction

> Profit (6 scenarios) = 1725 €

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

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