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» 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?
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» Fixed price » Fixed price

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

» No cost » Option price
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[ 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)
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[ Option contract ]

Best Best Mo. of Last Abs. Last Last Settl.

Name Bid Ask Contr. Price Change Time Vol. Price
Howv-10 - - - - - - - 48.52
v Dec-10 47.00 4715 85 - - - - 47.07
P 4300 - - - - - - - 0.058
P 4400 - - - - - - - 0.134
P 4500 - - - - - - - 0.281
P 4500 - - - - - - - 0.542
P 4700 - - - - - - - 0.955
P 4300 - - - - - - - 1.536
P 45300 - - - - - - - 2287
P 5000 - - - - - - - 3.110
P 5100 - - - - - - - 4024
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Sign a forward contract Obligation to sell the agreed
to sell electricity during electricity at the agreed
period 2 price 14
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Basic idea

[ Period 1 I Period 2 ]

I

Sign a put option
to sell electricity
during period 2 "
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Sign a put option Option is exercised to
to sell electricity hedge against low prices
during period 2 v
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Sign a put option Option is not exercised
to sell electricity to obtain high profits
during period 2 .
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Basic idea
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[ Period 1 I Period 2 ]

Y Y

Sign a put option Option is not exercised
to sell electricity to hedge against unit
during period 2 failures .
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[ Period 1 I Period 2 ]

I I

Sign a put option Option is exercised
to sell electricity
during period 2 .
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» How do electricity options work? V/

» 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?
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[ Period 1 I Period 2 ]

I |

First-stage decisions: Second-stage decision:
> Option purchase > Option exercise
» Forward contracting

liorms
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Stage 1 Stage 2 Stage 3
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» How do electricity options work? V/

» 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?

27



lilprms Aim 0 e
im

HHHHHHHHHHHHHHH

Analyze electricity options to
manage the two main risks faced
by power producers: price and
availability risks.
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Historical data Pool price scenarios
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[ Unit availability ]

[ Failure time series = 20, 35, .... ]

Historical data ]
ol ~ exp(MTTF)
D @)
() t(2) ¥
oFEL L L [ Repair time series =12, 8, .... ]
~exp(MTTR
FOR(%) = —— TR P )
MTTR +MTTF
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[ Unit availability ]

t- ~ exp(MTTF) N 72 7 (VA ) R A
t ~ exp(MTTR), PU =D =7 = ¢

1 1
A= ——
MTTF 7

" MTTR
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[ Unit availability ]

t- ~ exp(MTTF) o M U =D+ A G
p(u =1)= + e
tp ~ exp(MTTR) A+ 1 A+ u
MTTF<<T MTTF>>T
1 l—
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[Forward contracts]

» Specified quantity (MW)
» Fixed price

» Future delivery period
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[ Option contract ]

» Specified quantity (physical delivery)
» Strike price

» Option price

» Time period covered

> Time to decide whether it is exercised
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[ Stochastic programming ]

Objective function

Maximize CVaR (profit,)
Constraints

Production unit bounds

Energy balances

Forward and option constraints
Nonanticipativity constraints
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[ Stochastic programming ]
Risk aversion
Objective function /
Maximize CVaR (profit,) ‘ ' ‘ '

1
CVaR =—> 7«
a é/ 1—a ; ol

— profit +&—n <0 =
n, =0 d

a |
Constraints - Probability

1-a

Production unit bounds

Energy balances

]
CvaR VaR Proflt

Forward and option constraints

Nonanticipativity constraints ~
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[ Stochastic programming ]

Objective function

Period 1 Period 2

Maximize CVaR (profit,)
Constraints
Production unit bounds .
Energy balances T,
Forward and option constraints
Nonanticipativity constraints

Stage 1 Stage 2 Stage 3

Second-stage decicions are made knowing
the scenario realization during period 1 but
still facing uncertainty related to period 2.
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» 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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> (@) 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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"i  Case study

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

) (a) (b) (a) (b) (a) (b)
0 |5.087| 5418 | 4.984 | 5314 | 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

> (@) 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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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

OPTION > FORWARD
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] 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
Period 1 Period 2 il You
22.41 0
22.58 0
22.64 0
20.97 1
< 24.39 0
21.85 0
22.35 0
20.28 1
26.01 0
Stage 1 Stage 2 Stage 3 2204 0 -
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FOR = 0% FOR = 5% FOR =10%

) (a) (b) (a) (b) (a) (b)
0 |5087| 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
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» How do electricity options work? V/

» 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?
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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

1 risk aversion -OPTION = FORWARD

54



lilprms

Case study

CASTIUR-LA MANCHA

@

UNIVERSIDAD DE

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

) (a) (b) (a) (b) (a) (b)
0 |5.087| 5418 | 4.984 | 5314 | 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
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] FOR = 0% FOR = 5% FOR = 10%
(a) (b) (a) (b) (a) (b)

0 5.087| 5418 | 4984 | 5314 | 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

E,{\"} | 26.01 | 20.97 | 20.28
Period 1 Period 2 Kntt
1 0 1 1
0 0 0 1
1 0 1 1
1 0 1 1
'< 1 0 1 1
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
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] 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| 5117 | 4872 | 4970 | 4.664 | 4.860
09 [5.078| 5.055 | 4.549 | 4.649 | 4.374 | 4.499

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

1 0 1 1|

1 0 1 1

1 0 1 1
'< 1 0 1 1

1 0 1 1

1 0 1 1

1 0 1 1

Stage 1 Stage 2 Stage 3 1 0 L 1 -
1 0 1 1
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FOR = 0% FOR = 5% FOR =10%

) (a) (b) (a) (b) (a) (b)
0 |5.087| 5418 | 4.984 | 5314 | 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 availability risk
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» 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?
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» MAXIMUM OPTION PRICE that the power producer is
willing to pay for a given option contract.

62



i @
orms C ase StU dy casmin s e

> MAXIMUM OPTION PRICE
a=0 a=0.5

/\8;')‘ (euro/MWh)

0.35 T T 035 L L L L L L L
—-FOR = 0% ~ o -FOR = 0%
0.3 7 FOR=5% . 0.3 —+—FOR = 5%
~ FOR = 10% ~ FOR = 10%
0.25- 0.25 -
§ [
0.2+ = 021
3 A
0.15- £0.15¢ AN
—
0\9/ A AN VAN
=
0.1~ 0.1 4
/R N A
0.05 - 0.05 7\ N
‘ ¢ \ Bg
00— — . 5 5 . . o0 Os—B— B/Eﬁ " & & & & e o 7y ey
9 20 21 2 283 24 2 26 2 19 20 21 2 23 24 25 2 27
)\(SO) (euro/MWh) )\?O) (euro/MWh)
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> MAXIMUM OPTION PRICE
a=0 a=0.5

/\8;; (euro/MWh)

0.35 : : 0.35 : : : : : : i
—o—FOR =0% —o—FOR =0%
0.3 -2 -FOR=5% 0.3~ ~ 2 -FOR = 5%
~ "FOR = 10% ~ "FOR = 10%
0.25n 0.25r
= e
0.2 % 0.2
) A
0.15- £0.15¢ |
o2 A 5 X
0.1~ =~ 0.1- 4
0.05 - 0.05- 7\ o a
S| /A B
e = : : : S A | Ob—i- @/a D NN & & - P £
19 20 21 22 23 24 25 26 27 19 20 21 22 23 24 oL 26 27
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Strike price >> Spot OPHON FORWARD
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> MAXIMUM OPTION PRICE
a=0 a=0.5

/\8;; (euro/MWh)

0.35 T T T T T T T 035 L L L L L L L
—&—FOR = 0% —o—FOR = 0%
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Case study ==

> MAXIMUM OPTION PRICE
a=0 a=0.5

0.35 L L g< L L 035
0.3 0.3
0.25" \® 1025
= 0.2 0.2
5 f : %
— / \ —
Zo.1s) / Zo01s"
S0 / 5 &3
=< ‘ <
0.1 @ \ 0.1
// \
0.05r Kﬁ\ 005
OC/' /B//f r r r r R OC/ WV/® r \\\ oy & o L &
19 20 21 252 23 24 25 26 27 9 20 21 2 23 24 25 26 27
Al (euro/MWh) /\?O) (euro/MWh)

1 risk aversion -OPTION = FORWARD
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> MAXIMUM OPTION PRICE
a=0 a=0.5

/\8;; (euro/MWh)
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[ Unit availability ]

t- ~ exp(MTTF) o M U =D+ A G
p(u =1)= + e
tp ~ exp(MTTR) A+ 1 A+ u
MTTF<<T MTTF>>T
1 l—
08 0.8 -
> > e
= 0.6 =06- 7
o 1 o e
S S ’
S 0.4 S 0.4 ,
o |: . :]_|u :1) o // - -
0.2} p(ut_ 0 02 — PN
...... p(ut—1|uo—0) - p(u t:1|u O:O)
% 100 200 300 400 500 600 % 100 200 300 400 500 600

Time (h) Time (h)



lilprms

Case study

@

UNIVERSIDAD DE

» MAXIMUM OPTION PRICE (impact of MTTF)

/\?O’; (euro/MWh)

FOR =5%

0.35 L L L
o -MTTF=950h
0.3- 2 -MTTF=1900h |
0.25"
0.2
0.15-
0.1
0.05
1/ \\\‘\‘@\
0—e @/Eé ; ; ; d E;\@\@ &g
19 20 21 22 23 24 25 26

/\?O) (euro/MWh)

*FOR—OPTION

)\8;; (euro/MWh)

FOR =10%

CASTIUR-LA MANCHA

0.35 : g
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0.25-
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[ o
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/ 8
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: Price and
[ Qpdelis ] - @' availability risk ]
{ Options ] “ { Forwards J

» Strike price = Spot

> FOR with tMTTF

» Option price < Max. Option
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» Strike price = Spot
> FOR with TMTTF

» Option price < Max. Option
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: Price and
[ Qpdelis ] - [‘l’ availability risk ]
{ Options ] h [ Forwards ]

» Forward price > Spot

> |FOR
> |[MTTF
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» 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? \/
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[ Stochastic programming ]

Objective function
Maximize CVaR (profit,)

Ng, Ne,
profit, = —C(RS))+> A PIT, + Z(ﬂu1 P+ 22 P2 T, +
t=1 c =1
ﬁtw — Pool price
P” — Power sold in the pool +ZV (- ,10|:> +Y, 25 P )T,
Constraints T, — Duration of time period  o-1

Production unit bounds

Energy balances

Forward and option constraints

Nonanticipativity constraints o
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[ Stochastic programming ]

Objective function
Maximize CVaR (profit,)

N\ \
Pool Cost

Ny Nc, Nc,
t=1 ;=1 c=1
C(-) —» Cost function No

—> @) S
Co P® _» Generated power T E V,(-4 P, +Yy, A P)T,
nstraints - i

Production unit bounds

Energy balances

Forward and option constraints

Nonanticipativity constraints -
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[ Stochastic programming ] Contracts spanning period 1
4, — Forward price

Objective function P, — Sold power
Maximize CVaR (profit,) T, — Forward contract duration
N\ [ ) [
Pool Cost Forward 1
Ny N, Ne,
profit,, = > (4, RoTHC (R 2 A PeTe [+ 2 (A, Py + 42, P )Teo +
t=1 Qzl ) c,=1

No
+ Y Vo (AP, + Yo, A PT,
Constraints o=1

Production unit bounds

Energy balances

Forward and option constraints

Nonanticipativity constraints °
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. . . iod 2
[ Stochastic programming ] Contracts spanning period
A, A , — Forward price in stage 1/2
Objective function P.,PZ, — Sold powerinstage1/2
Maximize CVaR (profit,) T,, — Forward contract duration
Pool 1 ( Cost ) (Forward 1\ 4 Forward 2 R
Ny N, Ne,
. P P G 1 pl 1 pl 2 2
prOflta) = Z ﬂ‘ta) thTt)_\(:(thZ + Zﬂ’cl P01T01 i Z (lcz PCz i /Icza) PCZW)TCZ +
t=1 Qzl ) @zl Y,

No
+ Y Vo (AP, + Yo, A PT,
Constraints o=1

Production unit bounds

Energy balances

Forward and option constraints

Nonanticipativity constraints o
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[ Stochastic programming ]

Objective function
Maximize CVaR (profit,)

Pool 1 ( Cost ) (Forward 1\ 4 Forward 2 R
Nt NC1 NCZ
. P P G 1 pl 1 pl 2 2

prOflta) = Z ﬂ‘ta) thTt)_\(:(thZ + Zﬂ’cl P01T01 i Z (lcz PCz i /1(32(0 PCZW)TCZ +

= Gt e /

NO
0 S
T Zvo (_ﬂ“o I:)o T yowﬂ“o I:)o )To
Constraints o=t Option

Production unit bounds v, —> Option purchase (1/0)

Energy balances A2, A3 — Option and strike price

Forward and option constraints Yo, > Optionexercise (1/0)
P, — Sold power

Nonanticipativity constraints T, — Option duration
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[ Stochastic programming ]

Objective function
Maximize CVaR (profit,)

Constraints

Production unit bounds
u a)kta) I:)max k

|—>Constant (availability scenario)

> Binary variable (on/off)

mln

Energy balances
Forward and option constraints
Nonanticipativity constraints 50
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[ Stochastic programming ]

Objective function
Maximize CVaR (profit,)

Constraints

Production unit bounds
Energy balances

Ptg — z Pci T Z(Pct +Pc§a)) + Zvoyowpo + Ptap)

¢ eR! c,eFR? 00,
P _
P” >0, vk, _1<—|

Forward and option constraints
Nonanticipativity constraints ¢
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[ Stochastic programming ]

Objective function

Maximize CVaR (profit,)
Constraints

Production unit bounds

Energy balances

Forward and option constraints

P >0
P, + Pcfw >0

P >0

Nonanticipativity constraints o
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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:

}\2

c2Ww

20.69

22.42

24.15

Probability

0.25

0.5

0.25

@

UNIVERSIDAD DE

CASTIWR-LA MANCHA

> (b) buy a put option to sell 350MW during the second
month at 21€/MWh. Option price = 0.1€/MWh

FOR = 0% FOR = 5% FOR =10%
) (a) (b) (a) (b) (a) (b)
0 |5.245| 5418 | 5141 | 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
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