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m Mercado Quién lo gestiona

DTU

i

Wind Producer Problem
(Motivation)

Producto

Contratos a plazo fisicos
y financieros
MERCADOS A PLAZO

Antes del Mercado de contratos
(hasta D-1)
Subastas de VPP: Endesa / IBD
contratos a plazo CESUR: CNE

VPP: Opciones sobre MW
CESUR: Contratos financieros

Dia anterior al Mercado del dia anterior } MERCADO DIARIO

despacho (D-1)
REE (el OS) compra

Mercado de restricciones > : :
energiaa subir/bajar

Reserva 22: MW
Reserva 32: MWh
El resto de SSCC
son obligatorios

Mercados de SSCC:
Reserva secundaria
Reserva terciaria

MERCADOS DE
CORTO PLAZO

Dia del
despacho (D)

Energia a subir y bajar
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Energia a subir y bajar J

Day-ahead market
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Antes del Mercado de contratos

despacho bilaterales
(hasta D-1)

Dia anterior al
despacho (D-1)

Wind Producer Problem
(Motivation)

Mercado Quién lo gestiona Producto

OTC, OMIP Contrat?sa p]azo fisicos
y financieros
Subastas de VPP: Endesa / IBD VPP: Opciones sobre MW
contratos a plazo CESUR: CNE CESUR: Contratos financieros

Dia del
despacho (D

REE (el OS) compra

—————f Ll e

Reserva 22: MW
Reserva 32: MWh
El resto de SSCC
son obligatorios

Energia horaria

Mercados de SSCC:
Reserva secundaria
Reserva terciaria

Intradiarios

Energia a subir y bajar

Gestion de desvios

Gestidon de restricciones

Balancing market

Lecture 5: “Wind Producer Problem”
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Wind Producer Problem
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(Motivation)

4 ) 4 )
Day-ahead Balancing
market market
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[ Adjustment markets J

I I Timei
Day d-1 Day d
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Wind Producer Problem
(Motivation)

m Mercado Quién lo gestiona Producto
Antes del Mercado de contratos Contratos a plazo fisicos
(hasta D-1) MERCADOS A PLAZO

Subastas de VPP: Endesa / IBD VPP: Opciones sobre MW
contratos a plazo CESUR: CNE CESUR: Contratos financieros

Dia anterior al

Al Merscodeidameror |} owe |

} MERCADO DIARIO

REE (el OS) compra

Mercado de restricciones > : :
energiaa subir/bajar

Reserva 22: MW
Reserva 32: MWh
El resto de SSCC
son obligatorios

Mercados de SSCC:
Reserva secundaria
Reserva terciaria

.."ERCADOS DE

Dia del d  corROPLAZO
despacho (D) Energia horaria

Energia a subir y bajar

_ _ nere@asdbirybar )

Adjustment market
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Wind Producer Problem
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(Motivation)

( Day-ahead \ 4 Balancing N

market market

>
7

| %{

an L
Alas

o /

Inflexible units Wind producers/consumers
(need advance planning) (need balancing energy)
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= \Nind Producer Problem
(Motivation)

v" A balancing mechanism is required to cope with
unexpected energy deviations

v Positive (negative) deviation: higher (lower)
production or lower (higher) consumption than
scheduled in forward markets

9 Lecture 5: “Wind Producer Problem™

Decision Making Under Uncertainty in Electricity Markets

iE

E



ol
]

| _[aa8] |

== \Wind Producer Problem

(Motivation)

Price

} —

Aggregated power
supply curve
) :,j

Energy

Price

t Aggregated power
supply curve

— Energy>
O, <0

I I Time i
Day d-1 Day d
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Price

} —

Aggregated power
supply curve
) :,j

Energy

e \NMind Producer Problem
(Motivation)

Price

f

Aggregated power
supply curve

Deficit of
generation

— Energy>
O, <0

I I Time i
Day d-1 Day d
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= \Wind Producer Problem =
(Motivation)

Prtlce Price
Aggregated power t e
supply curve Aggregated power

supply curve

K ——— _| ob——
Excess of
A j_ generation

Energy

Energy>

|

®t>0

Time

Day d-1 D ay d
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v \Nind Producer Problem
(Motivation)

v' Competitiveness damaged by uncertain wind
availability for two primary reasons:

?

13 Lecture 5: “Wind Producer Problem” Decision Making Under Uncertainty in Electricity Markets
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v \Nind Producer Problem
(Motivation)

v' Competitiveness damaged by uncertain wind
availability for two primary reasons:

1) Imbalances covered by flexible, but expensive energy
sources through the balancing mechanism

14 Lecture 5: “Wind Producer Problem” Decision Making Under Uncertainty in Electricity Markets
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(MOtiVation)




_______

== \Wind Producer Problem

(Motivation)
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wee \Wind Producer Problem

(Motivation)

Price

17 Lecture 5: “Wind Producer Problem” Decision Making Under Uncertainty in Electricity Markets

T



ol
]

| _[aa8] |

e \NMind Producer Problem
(Motivation)

v' Competitiveness damaged by uncertain wind
availability for two primary reasons:

1) Imbalances covered by flexible, but expensive energy
sources through the balancing mechanism

» The volatility of balancing prices is higher

!

Trading balancing energy is riskier!

18 Lecture 5: “Wind Producer Problem” Decision Making Under Uncertainty in Electricity Markets
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e \NMind Producer Problem
(Motivation)

v' Competitiveness damaged by uncertain wind
availability for two primary reasons:

2) Some market designs “penalize” deviators (dual-price
balancing settlements)

> Price for positive deviations: A{
> Price for negative deviations: A,

» Cost of the energy required to counteract the net
system imbalance.

Remark: In a single-price balancing settlement A; =A,

19 Lecture 5: “Wind Producer Problem” Decision Making Under Uncertainty in Electricity Markets
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w \Wind Producer Problem
(“One-sided penalty”)
If the system imbalance > 0 (excess of
generation): -
!

Ao =min(A, A0) | AR e
A =00

WE——-

X{DN’_J_
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= \Wind Producer Problem
(“One-sided penalty”)

If the system imbalance < 0 (deficit of
generation): -

T A ed
A =AD ) | by e
_ D A UP
A, =max(A,, A, ) Y |

Energy’

——
®; <0
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v \NMind Producer Problem =

(Motivation)

v' Competitiveness damaged by uncertain wind
availability for two primary reasons:

2) Some market designs “penalize” deviators (dual-price
balancing settlements)

> Itholdsthat A, <A’and A, > A}

By construction, trading in the
balancing market is less
beneficial than trading in the
day-ahead market

Imbalance cost!

22 Lecture 5: “Wind Producer Problem” Decision Making Under Uncertainty in Electricity Markets
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v \Nind Producer Problem
(Imbalance cost)

An opportunity cost

v' Loss of profit resulting from not having traded the
energy deviation in the day-ahead market

If we define:

23 Lecture 5: “Wind Producer Problem™ Tools for decision making under uncertainty in electricity markets
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= \Wind Producer Problem
(Imbalance cost)

Then, the imbalance cost is given by:

(

A(L-r)A, A, =0

=AY —1\At <0

Total energy deviation

incurred by the wind
producer



ol
]

| _[aa8] |

== \Wind Producer Problem

(Imbalance cost)

E

1 A ;’Tff\\;—/ﬁ\\\;/\\

1
VR Iy

\_ r

0 : : : : 0 : : : :
0 5 10 15 20 25 0 5 10 15 20 25
~_ Period Period -
—

One-sided penalty! Hs“pe”mp“‘”g

Negative system

/\ 3 /\—/\/\ fimbalance

0

imbalance

1 \/ v \/ rt_,_ n rt_ _1 \J lPositive system

0
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5 10 15 20 25
Period

Tools for decision making under uncertainty in electricity markets
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= \Nind Producer Problem
(Aim)

iE

E

Designing a stochastic programming model

to build offers for wind producers

to trade in different short-term markets (pool)
within a fully-fledged electricity market.

|
N . /
g ey <
B @ -
,
T
\J

26 Lecture 5: “Wind Producer Problem™ Tools for decision making under uncertainty in electricity markets
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= \Wind Producer Problem
(Aim)

v' The wind producer offer strategy should:
" Be profit effective.
" Limit profit variability.

" Minimize the need for balancing energy.

27 Lecture 5: “Wind Producer Problem™ Tools for decision making under uncertainty in electricity markets
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== \MWind Producer Problem =
(Market framework)

e

v' Three independent and successive markets:

market markets market

m Day_a head ma rket [ Day-ahead ] [Adjustment] [ Balancing ]

= Adjustment market
= Balancing market

v" No market power capability by the wind producer in
any of these markets

28 Lecture 5: “Wind Producer Problem™ Tools for decision making under uncertainty in electricity markets
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Le

Wind Producer Problem
(Uncertainty sources)

Wind generation availability

Day-ahead market prices

Adjustment market prices: A; —A.

Imbalance price ratios

cture 5: “Wind Producer Problem”

_M

[ =—, <1
A,
}\d_

rt_ — _:::) y rt_ 2 1
A,

Tools for decision making under uncertainty in electricity markets
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Wind Producer Problem

(Certainty

11 pm
10 am Adjustment Market
Day-ahead Market Day d, hours: 1-24

gain process)

Day d, hours: 1-24 ]
Balancing Market
before each hour

Day d-1

Day d

Y

Price uncertainty

Lecture 5: “Wind Producer Problem™

Y

Wind uncertainty

Tools for decision making under uncertainty in electricity markets
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w= \Wind Producer Problem
(Certainty gain process)

11 pm
10 am Adjustment Market
Day-ahead Market Day d, hours: 1-24

Day d, hours: 1-24
Balancing Market
before each hour
| I | l

Day d-1 Day d

—>( . J
L \ Price uncertainty

Y

Wind uncertainty

Certainty gain \_

Knowledge gained on wind power
stochastic behavior

31 Lecture 5: “Wind Producer Problem™ Tools for decision making under uncertainty in electricity markets
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== \Wind Producer Problem
(Certainty gain process)

v" The generation of wind power scenarios should
account for the certainty gain phenomenon.

1. No, scenarios between day-ahead and
adjustment market.

2. Nw, scenarios after the adjustment market.

32 Lecture 5: “Wind Producer Problem™ Tools for decision making under uncertainty in electricity markets
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== \Wind Producer Problem =

(Certainty gain process)

Nw, x Nw, = 2 x 50

100

80F

p

60} ’

: by o

4,

!

1 5 10 14

20 25 30 35 40

Period (hour)

33 Lecture 5: “Wind Producer Problem™

Average wind power
values observed from the
day-ahead market (and
from the adjustment
market if the certainty
gain is not considered)

Tools for decision making under uncertainty in electricity markets
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= \Wind Producer Problem

HE

(Certainty gain process)

Nw, x Nw, = 2 x 50

100

80} \ /

60}

=
=

4,

1 5 10 14 20 25 30 35 40
Period (hour)

L, Average wind power

values observed from
the adjustment market
if the certainty gain
effect is modeled

34 Lecture 5: “Wind Producer Problem™ Tools for decision making under uncertainty in electricity markets
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w= \Wind Producer Problem
(Mathematical modeling)

How many stages do we have?
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= \Nind Producer Problem =
(Mathematical modeling)

Three-stage stochastic programming model:

v' First-stage variables: Energy sold in the day-ahead
market

v’ Second-stage variables: Energy traded in the
adjustment market

v Third-stage variables: Deviations and their
associated cost

36 Lecture 5: “Wind Producer Problem™ Tools for decision making under uncertainty in electricity markets
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v \Nind Producer Problem
(Mathematical modeling)

HE

v Second-stage variables: ENergy traded in the
adjustment market

v Third-stage variables: Deviations and their
aSSOCiated cost Decisions we are interested in!

37 Lecture 5: “Wind Producer Problem™ Tools for decision making under uncertainty in electricity markets
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INDUSTRIALES
S UPM .
e Uncertainty:
w
P, Vr

20,20, R T, it

A VR Vr=1.. Ny

Adjustment market UiU
i o
Uncertainty: Balanclng
W o, A L+ - market >
/AN AN A ()

ﬂ'tAlF)twlrt-'—lrt_th:ll"'lNT

>

38 Lecture 5: “Wind Producer Problem™

Stochastic
programming
approach

Three stages, each
one representing a
market

Tools for decision making under uncertainty in electricity markets
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== \Wind Producer Problem =
(Mathematical modeling)

—

v' Maximize Expected profit + [ x CVaR

v Subject to constraints associated with:

Linear

" |inearization of imbalance income — programming

problem

= Non-anticipatory character of information

= (CVaR _

The tradeoff between expected profit and risk is enforced
through the weighting factor € [0,=0).

39 Lecture 5: “Wind Producer Problem™ Tools for decision making under uncertainty in electricity markets
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Wind Producer Problem
(Mathematical modeling)

E{profit} = E{

[ Revenue from trading in the day-ahead market

J

+ Revenue from trading in the adjustment market

+ Imbalance income } =

No, N

= 33 n, [REP2d ]+ AAPAd, + 1L,

E
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w= \Wind Producer Problem
(Mathematical modeling)
E{profit} = E{
Revenue from trading in the day-ahead market

+/Revenue from trading in the adjustment market

+ Imbalance income } =

No, N

= Zan[kt[zaPt?odt ™ k@aptfo\dt T I’:co:l

o=1 t=1

iE

E



w= \Wind Producer Problem
(Mathematical modeling)
E{profit} = E{

Revenue from trading in the day-ahead market

+ Revenue from trading in the adjustment market

+(Imbalance income } F

N, Ny \
= 3w, [ A2P2d, +2APAd, +[IL ]

o=1 t=1

e

42  Lecture 5 : “Wind Producer Problem” Tools for decision making under uncertainty in electricity markets
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Wind Producer Problem
(Linearization of the imbalance income)

Ve

.

xEort;Atcm Atw 2 O
}Ltl?ﬂrt;)Atms Atco < O

Linearization

>

Total deviation decomposed into positive
and negative deviations

43

Lecture 5: “Wind Producer Problem™

DTU
>
e
L=

o = o (TeA s — A )
A =0i(Py, — P, —Py)
Aw =AL, — A,
0<A, <P.d,

- max

0<A, <P™4d,

Tools for decision making under uncertainty in electricity markets
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== \Wind Producer Problem
(Non-anticipativity constraints)

Which decisions must be unique and independent
of the uncertainty outcome?

44 Lecture 5: “Wind Producer Problem™ Tools for decision making under uncertainty in electricity markets
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= \Wind Producer Problem
(Non-anticipativity constraints)

PP = PP Wt Vo,

to'!?

HE



HE

@ .
w= \Wind Producer Problem
(Non-anticipativity constraints)

Relaxed to obtain offer curves!

N

PO =P2, ViV, A, = Ay

to'!?

Power traded in day-ahead market can be different
for different price realizations!

!

Pairs (P, A.,) making up an offer curve

Tools for decision making under uncertainty in electricity markets

Lecture 5: “Wind Producer Problem™
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= \Nind Producer Problem

=
—
—

i

(Non-anticipativity constraints)

Ptfo‘ — Pt'j)\H \v/t1 \VI(D, (D': (}\‘tDOJ — }\'E’), Vt)

and

(Pw =Py, Vt=1,2,...,Ny,)

_

To model the certainty gain effect!

The power traded in the adjustment market can be
different depending on the wind realization between the
closure of the day-ahead and adjustment markets!

47 Lecture 5: “Wind Producer Problem™
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Wind Producer Problem
(Risk management)

. Tradeoff between expected profit and risk

due to profit variability

. Risk measure: CVaR (average profit in

scenarios with lowest profit)

. CVaR advantage: linear formulation

n
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Wind Producer Problem
(CVaR modeling)

Probability

i Probability
1l-a

CvaR VaR

Lecture 5: “Wind Producer Problem™

Profit

Tools for decision making under uncertainty in electricity markets
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w= \Wind Producer Problem
(CVaR modeling)

CVaR = i——ann@

OJEQ

o Z[;\“toa Ptood T Ktoa Ptood T 7\“to) (rtco to rt;)At_co )]
+&—1M, <0

HE
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Wind Producer Problem
(CVaR modeling)

Does It make sense to consider RISK
AVERSION In this problem?
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» \Wind Producer Problem

(Other constraints)

Non-decreasing condition
P, —Po <0, VtVo,0"00.)+1=00.)
Bounds

O<Pt(D <P™ VtVo

O<th+Pt(D <P™ VtVo

iE

E
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== \Wind Producer Problem
(Example: Wind production data)

1-hour-ahead market
Adjustment market

Balancing market

 / v v

Market horizon

1h ; 1h

100 MW, 0.1

50 MW, 0.3

40 MW, 0.25

0 MW, 0.35

53 Lecture 5: “Wind Producer Problem™ Tools for decision making under uncertainty in electricity markets
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wm \Wind Producer Problem
(Example: Price data)

AP AL + o
(€/MWh) (€/MWh) (I‘ T )
Value 50 20 -10 3 (1,1.5) (0.9, 1)

Prob. 0.40 0.60 0.35 0.65 0.7 0.3

54 Lecture 5: “Wind Producer Problem™ Tools for decision making under uncertainty in electricity markets
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= \Wind Producer Problem

(Example: Scenario tree)

4°,PY) AR R )

(50, 60)

YN

(50, 30)

R/ A\

NN

(20, 60)

(20, 30)

AN

Day-ahead market Adjustment market Balancing market
(1% stage) (2 stage) (3 stage)

55 Lecture 5: “Wind Producer Problem™

Scenario

12|
131
141
15:
16
17|
18|
191
20!

le

22:
23
24|
2sl
26!
2
28|
29]
30!
al

32I

v

32
scenarios

Tools for decision making under uncertainty in electricity markets
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@ \Wind Producer Problem =
(Example: Scenario tree)

I

y i (T WI0L1s 18 o0
451: | | | | (40, 100, 0.9, 1) — 2| m= 0.0042
o) | | (40.50.1.15) | ¢3| 1,=0.0294
! - (50,60 | (40.50.09.1) | g4 z,=0.0126
g i
o | | (53,100.1,15 | g5! 45 =0.0182
(50,30) | E: : : : | (53,100,09. 1) : ® 6 : g =0.0078
| | i: I I I I (53,50,1,1.5) I @ 7 I T7 = 0.0546
| ) L | (53.50.09.1) g5 7;=00234
| 16
A% - Les | | “0.0.115) | g z,=0.0343
| 8|
! |\ ! 19| I | I | (40.0,09,1) | e10! 70 =0.0147
| a0 - |
e — . | : I (40.40.1.15) | g1yl 7, =0.0245
| | 7 | c030) | @0.20.091) | g1 7, 00105
o o o ! ! 0115 1 N
b Lo | qosl | | | | 73 =%
! ] . | | (3.009.0) . g14] 74 =0.0273
: : (20,30) : 4 Z: I | I (53,40, 1, 1.5) | o15| 75 =0.0455
! N e I | (53.40.09.1) | g16l 7, =0.0195
L L ul Le | L1 L |
L '__: i Day-ahead market Adjustment market Balancing market
Day-ahead market Adjustment market Balancing market (:I_St stage) (an sxage) (3rd ﬁage)
(1% stage) (2 stage) (3 stage)
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Wind Producer Problem =
(Example: Certainty gain modeling)
+ —+ Scenario
__ A2 PYy ——, (AR ) ==
IR | o1l
|| . lo2!
|| | L gs! v' Modeling the certainty gain
I | 5@ I | o4 |
: : ( \} : :.5: PlAzpzA:PsA:P4A:P5A:P6A:P7A:P8A,
o | resl R =Ry=RT=P;=R;=R; =P =R;s
. P o7l
| : ¢ | : | 3 : v" Not modeling the certainty gain
I I I
| | ®9
: | : | : ®10| PlA = PzA = PsA = F)4A = PSA = PGA = I:)7A = PBA@
! | reul (5R=R0=Ri=R; =R =R =P5 =P
| 6(30) | ez
| ~ | | @13
| : I Le1s, More constrained!
: : | : 015|
| 4! | el
e | e | e
Day-ahead market Adjustment market Balancing market
(1% stage) (2nd stage) (39 stage)
57 Lecture 5: “Wind Producer Problem” Tools for decision making under uncertainty in electricity markets
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58 Lecture 5: **

Wind Producer Problem

(Example: Certainty gain effect)
(r,r)
Value (1,1.5) (05,1) mmmp Expected profit: TO %

Prob. 0.7 0.3

(r,ro)

E

Value  (1,15) (0.1,1) mmmp Expected profit: T14.03%

Prob. 0.7 0.3

~~ Very unfavorable imbalance
prices!

Tools for decision making under uncertainty in electricity markets
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@ \Wind Producer Problem =
(Case study)

I

v’ Price data from lberian 1200 am —»

Peninsula market. 8:00 pm

4.00 pm

v" Wind speed data from a Dayd < 1200pm
A

location in Kansas (US). 8:00 am

4:00 am

\4

\4

\4

\4

\4

v’ 1day.

>—12:00 am

Y

<«— 11:45 pm
Adjustment market

Timeline

8:00 pm

\4

4:00 pm

\4

Day d-1 < 12:00 pm —»

<— 10:00 am
8:00 am —» Day-ahead market

4:00 am —»

~—12:00 am —»

59 Lecture 5: “Wind Producer Problem™ Tools for decision making under uncertainty in electricity markets
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" Wind Producer Problem =
(Case study: No adjustment market)
s S e it
§ 1000} \\.

Risk aversion (B)

Reducing the energy traded in the day-
ahead market in the hope of selling in
the balancing market at a competitive
price

60 Lecture 5: “Wind Producer Problem™ Tools for decision making under uncertainty in electricity markets
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Wind Producer Problem

NE

(Case study: No adjustment market)

BOON
INDUSTRIALES
2000 T T T T
Expected energy traded in the day-ahead market
1500 ' as a function of the risk-aversion factor B
=
< 1000f ®
= .
.\.‘o
500 L P
‘‘‘‘‘‘‘‘‘‘ .—-—-—--—---_-.____% °
0 1 1 1 1
0 1 2 3 4

Risk aversion (B)

Reducing the energy traded in the day-
ahead market in the hope of selling in
the balancing market at a competitive
price
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Negative deviations are more harmful to the
wind producer than positive deviations
(assuming that r* > 0)
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" Wind Producer Problem =
(Case study: Adjustment market)
v Certainty gain effect!
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A significant reduction for the first few hours
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Wind Producer Problem
(Case study: Certainty gain effect)
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Wind Producer Problem
(Case study: Certainty gain effect)

v No adjustment market Better not to offer

VSS = 1.87% forecasts!

v Adjustment market, no certainty gain effect

VSS =2.58% (T0.71%) A new market = new

trading options
v’ Adjustment market, certainty gain effect

VSS =3.61% (T1.03%) — Good to have markets

close to power delivery!

64 Lecture 5: “Wind Producer Problem™ Tools for decision making under uncertainty in electricity markets

i
E
E



i
| _[aa8] |
INDUSTRIALES

Thanks for your attention!
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e \NMind Producer Problem
(Exercise)

Market framework:

1-hour-ahead market
Adjustment market

Balancing market

v v v

Market horizon

1h } 1h
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e \NMind Producer Problem
(Exercise)

It is known that:

1. The price in the 1-h ahead market is equal to 50 €/MWh with a
probability of 0.40 and equal to 20 €/MWh with a probability of
0.60

2. The price in the adjustment market is identical to the 1-h ahead
market price

3. The quantity of power produced by a certain 100-MW wind farm
during the hour between the closures of the 1-h ahead and
adjustment markets may be high (60 MW) with a probability of
0.4 or low (30 MW) with a probability of 0.6
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Wind Producer Problem ==
(Exercise)

It is known that:

If the wind power production is high (60 MW), the amount of
power produced during the 1-h market horizon may be extremely
high (100 MW) with a probability of 0.75 or relatively high (50
MW) with a probability of 0.25

If the wind power production is low (30 MW), the amount of
power produced during the 1-h market horizon may be extremely
low (0 MW) or relatively low (40 MW), both with a probability of
0.5

Lecture 5: “Wind Producer Problem” Tools for decision making under uncertainty in electricity markets
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e \NMind Producer Problem
(Exercise)

It is known that:

6. Dual-price balancing settlement, two-sided penalty:

a) The price of the energy required to cover generation
shortages is 20% higher than the 1-h ahead market price

b) Generation surpluses can be sold in the balancing market at a
price 50% smaller than the 1-h ahead market price
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e \NMind Producer Problem
(Exercise)

Things to do:
1. Build the corresponding scenario tree (graphically)
2. lgnore the adjustment market. Compute:

a) Optimal bid in the 1-h ahead market

b) VSS and EVPI (please, provide absolute figures and
percentages)

c) Power soldin the 1-h ahead market as a function of the risk
aversion of the wind producer (graphically)
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e \NMind Producer Problem
(Exercise)

Things to do:

3. Consider the adjustment market. Compute:
a) Optimal bid in both the 1-h ahead and adjustment markets

b) Economic improvement due to the certainty gain effect
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