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Outline

1) Spot electricity markets

2) Challenges arising from the large-scale

Integration of RES

3) New market solutions
I. Energy and reserve capacity

Il. Stochastic market clearing
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Outline

1) Spot electricity markets

2) Challenges arising from the large-scale

Integration of RES

3) New market solutions
I. Energy and reserve capacity

Il. Stochastic market clearing
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Spot electricity markets

(Basic structure)

m Mercado Quién lo gestiona Producto
Antes del Mercado de contratos Contratos a plazo fisicos
(hasta D-1)
Subastas de VPP: Endesa / IBD VPP: Opciones sobre MW
contratos a plazo CESUR: CNE CESUR: Contratos financieros

Dia anterior al

despacho (D-1) Mercado del dia anterior

4

Lecture 4: “Market Clearing Under Uncertainty”

REE (el OS) compra

Mercado de restricciones > : :
energiaa subir/bajar

Reserva 22: MW

Mercados de SSCC: Reserva 32: MWh

Reserva secundaria
Reserva terciaria

El restode SSCC
son obligatorios

Dia del

despacho (D) Energia horaria

Energia a subir y bajar

Energia a subir y bajar

Spot markets

MERCADOS A PLAZO

MERCADO DIARIO

MERCADOS DE
CORTO PLAZO

Decision Making Under Uncertainty in Electricity Markets

DTU

i
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e SPOtL electricity markets
(Basic structure)

4 )
Day-ahead
market

& J

I I Time :
Day d-1 Day d

Decision Making Under Uncertainty in Electricity Markets
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Spot electricity markets

(Basic structure)

m Mercado

Quiénlo gestiona

Producto

Antes del Mercado de contratos
despacho bilaterales
(hasta D-1)

Subastas de
contratos a plazo

Dia anterior al

despacho (D-1) Mercado del dia anterior

Mercado de restricciones

Mercados de SSCC:
Reserva secundaria
Reserva terciaria

Dia del
despacho (D)

Day-ahead market

Lecture 4: “Market Clearing Under Uncertainty”

OTC, OMIP

VPP: Endesa / IBD
CESUR: CNE

Contratos a plazo fisicos
y financieros

MERCADOS A PLAZO

} MERCADO DIARIO

VPP: Opciones sobre MW
CESUR: Contratos financieros

REE (el OS) compra
energiaa subir/bajar

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

MERCADOS DE
CORTO PLAZO

Energia horaria

Energia a subir y bajar

Energia a subir y bajar J

Decision Making Under Uncertainty in Electricity Markets

DTU
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e SPOtL electricity markets

(Conventional vs. ?)

Inflexible units
(need advance planning)
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Outline

1) Spot electricity markets

2) Challenges arising from the large-scale

Integration of RES

3) New market solutions

I. Energy and reserve capacity

Il. Stochastic market clearing

Decision Making Under Uncertainty in Electricity Markets
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IpoRTALE Challenges arising from RES -
(Day-ahead market) -
Day 1 Day 2
U12 a.m.
4-5p.M. Price Demand
UNIT Cost OFFERS DEMAND G3
G1 5 200@10
70| RS o2
G2 15 100@20 250 MWH
Gl
G3 25 100@30
250MWh Energy

9
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NpusTRIAL Challenges arising from RES

(Day-ahead market)

\

Gl —

st.
Pey + Ps, + Pag = 250 Ap > > < P> = 50MW
0 < P, <200 P.; = OMW
0 <P, <100 \ A =$20/MWh
0<Ps, <100
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@ﬂ Challenges arising from RES e
(Day-ahead market) -

What if we have now wind power generation?

Price Demand

G3

20

250MWh Energy

Decision Making Under Uncertainty in Electricity Markets
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i Challenges arising from RES

(Day-ahead market)

i

So what?

FIGURE 16: WIND FORECAST ERROR IN SPAIN

82000 )
SIPREOLICO
F000 REAL PREODUCTION
= MARKET PROGRAM
= 6000 -ESUGMWI
= [
Z 5000 —
E-ﬁﬂﬂﬂ =
s 1
2 3000 A -2000 MW
a —
a 2000 ===
z
= 1000
D'D-C:lGGGGC}GGGGGC}GC}GGDGC}C}C}GGG
e == === = R = === = === = = = == =
LT O o La T S T T = T S = T = Y e T T o TR . T o o TR SRR T = Y T T o T o T
i I T T I I D B T o I o B e O |

Time 02/11/2008

WIND CANNOT BE 100% PREDICTED 24-36 HOURS AHEAD!!

12 Lecture 4: “Market Clearing Under Uncertainty” Decision Making Under Uncertainty in Electricity Markets
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50 -

40 -

30 -

20 A

10 -

0

-10 -

-20 -

-30 -

-40 -

Challenges arising from RES

(Day-ahead market)

So what?

Forecast error at DK2 2011-2012 (%20)

=
—
=

i

WIND CANNOT BE 100% PREDICTED 24-36 HOURS AHEAD!!

13
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@sr Challenges arising from RES :_«»E
(Day-ahead market) -

How do we deal with wind forecast errors?

Price.  pemand
NOWADAYS:
o3 BALANCING MARKET
G2
20 [ T
G1l
250MWh Energy
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e SPOtL electricity markets
(Basic structure)

4 ) 4 )
Day-ahead Balancing
market market

J \_ J

&

I I Time :
Day d-1 Day d

Decision Making Under Uncertainty in Electricity Markets
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e SPOtL electricity markets

(Basic structure)

i

m Mercado Quién lo gestiona Producto
Antes del Mercado de contratos Contratos a plazo fisicos
despacho bilaterales Of&, O
(hasta D-1) MERCADOS A PLAZO

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

REE (el OS) compra

z.

—————f L bl e

Dia anterior al
despacho (D-1)

MERCADO DIARIO

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 Intradiarios

Gestion de desvios

v Gestidon de restricciones Energia a subir y bajar ]

Balancing market o

16 Lecture 4: “Market Clearing Under Uncertainty” Decision Making Under Uncertainty in Electricity Markets
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e SPOtL electricity markets
(Conventional vs. stochastic)

4 Balancing N

market
AN~

| %{

Tl

o /

Inflexible units Wind producers/consumers
(need advance planning) (need balancing energy)
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o s Challenges arising from RES S
(Balancing market) -
Day 1 Day 2
H12 a.m.
4-5PpP.M. Price Semand
UNIT | CosT OFFERS DEMAND
G3
W 0 30@0 |
G2
G1 5 200@10 7 T R — .
250 MWH
G2 15 100@20 Gl
G3 25 100@30
250MWh Energy

18
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IpoRTALE Challenges arising from RES >
(Balancing market) -
Day 1 Day 2
U12 a.m. 3 p.m.
4-5 p.Mm.
Demand
DA SCHEDULE
UNIT MWH GS3
w 30 i
G2
G1 | 200 20 [ T
G2 20 Gl
G3 -
250MWh Energy
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Challenges arising from RES
(Balancing market)

HE

Day 1 Day 2
U 3 p.m.
4-5p.m.
Demand
DA SCHEDULE BALANCING MARKET
UNIT | MWH UP DOWN G3
W 30 - - |
G2 |
20 b o E—
Gl 200 - 0
G2 20 10@25 Gl
G3 - 20@35
250MWh Energy
20 Lecture 4: “Market Clearing Under Uncertainty” Decision Making Under Uncertainty in Electricity Markets
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NDUSTRIALES Challenges arising from RES S
| I oo
(Balancing market)
Day 1 Day 2
Balancing price! 3 p.m.
4-5 p.m.
- / Demand
DA SCHEDULE BALANCING MARKE/
UNIT MWH UP D%/N G3
wW 30 - / _ i
— o | 62 |
G1 200 _ / 20 7
G2 20 10@ Gl
G3 - 20@35
250MWh Energy

Lecture 4: “Market Clearing Under Uncertainty”
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S — Challenges arising from RES o
(Balancing market) -
Day 1 Day 2
U 3 p.m.
4-5 p.Mm.
Demand
FINAL SCHEDULE
UNiT MWH GS3
wW 20 i
G2
G1 | 200 20 [ 7
G2 30 Gl
G3 -
250MWh Energy
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Challenges arising from RES

—
L
{-—1

e

(Balancing market)
® LET’S CHECK THE PROFITS
4-5p.m.
UNIT DA MARKET B MARKET FUEL cosT TOTAL
W
G1
G2
G3

23
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(Balancing market)

® LET'S CHECK THE PROFITS

4-5p.m.

UNIT DA MARKET B MARKET FUEL cosT TOTAL

W 20x30=600

Gl 20x200=4000

G2 20x20=400

G3 0

24 Lecture 4: “Market Clearing Under Uncertainty” Decision Making Under Uncertainty in Electricity Markets
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Challenges arising from RES
(Balancing market)

® LET'S CHECK THE PROFITS

4-5p.M.
UNIT DA MARKET B MARKET FUELCOST ToTAL
W 20x30=600 -25x10=-250
G1 20x200=4000 0
G2 20x20=400 25x10=250
G3 0 0
25  Lecture 4: “Market Clearing Under Uncertainty”

Decision Making Under Uncertainty in Electricity Markets
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Challenges arising from RES
(Balancing market)

® LET'S CHECK THE PROFITS

4-5p.M.
UNIT DA MARKET B MARKET FUELCOST ToTAL
W 20x30=600 -25x10=-250 0
Gl 20x200=4000 0 5x200=1000
G2 20x20=400 25x10=250 15x30=450
G3 0 0 0
26 Lecture 4: “Market Clearing Under Uncertainty” Decision Making Under Uncertainty in Electricity Markets
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iy S~ Challenges arising from RES

(Balancing market)

® LET'S CHECK THE PROFITS

4-5p.M.

UNIT DA MARKET B MARKET FUELCOST ToTAL
W 20x30=600 -25x10=-250 0 350
Gl 20x200=4000 0 5x200=1000 3000
G2 20x20=400 25x10=250 15x30=450 200
G3 0 0 0 0

27 Lecture 4: “Market Clearing Under Uncertainty” Decision Making Under Uncertainty in Electricity Markets



A Challenges arising from RES

(Balancing market)

ETSII | UPM

® LET'S CHECK THE PROFITS

4-5p.m. “@-‘E;\
UNIT DA MARKET B MARKET FUELcosT TOTAL _ﬁ‘“{%m
W 20x30=600 -25x10=-250 0 350 (20-0)x20=400
G1 20x200=4000 0 5x200=1000 3000 (20-5)x200=3000
G2 20x20=400 25x10=250 15x30=450 200 (20-15)x30=150
G3 0 0 0 0 0

28 Lecture 4: “Market Clearing Under Uncertainty” Decision Making Under Uncertainty in Electricity Markets
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Challenges arising from
(Balancing market)

® LET'S CHECK THE PROFITS

RES

4-5p.Mm. H@’E‘«\
AL
; : i)
UNIT A MARKET MARKET FUELcosT TOTAL “‘ﬁ‘"u.{u—u.
W 20x30=600 -25x10=-250 0 350 (20-0)x20=400
G1 20x200=4000 0 5x200=1000 3000 (20-5)x200=3000
G2 20x20=400 25x10=250 15x30=450 200 (20-15)x30=150
G3 0 0 0 0 0
WIND PRODUCER INCURS IMBALANCE COST!!
29 Lecture 4: “Market Clearing Under Uncertainty” Decision Making Under Uncertainty in Electricity Markets
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e i Challenges arising from RES .
(Balancing market) -
Day 1 Day 2
U 3 p.m.
4-5 p.Mm.
Demand
DA SCHEDULE BALANCING MARKET
UNIT | MWH UP DOWN G3
wW 30 - -
G2
Gl | 200 - - 20 [ T
G2 20 10@25 10@15 Gl
G3 - 20@35 -
250MWh Energy
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ll-lrtlillll:ll[il.llg*ll:\lrlAL-'—g Cha”enges ar|S|ng frOm RES L=
| - oo
(Balancing market)
Day 1 Day 2
Balancing price! 3 p.m.
\
4-5 P.M.\
Demand
DA SCHEDULE BALANC\\IG MARKET
UNIT | MWH UP \ DOWN G3
W 30 - \ - i
G2
Gl | 200 - \ 20 [ T
G2 20 10@25 10@ Gl
G3 - 20@35 -
250MWh Energy
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(Balancing market)

® LET'S CHECK THE PROFITS

4-5p.Mm. H@’E‘«\
UNIT DA MARKET B MARKET FUELcosT TOTAL _ﬁ‘“{%m
W 20x30=600 15x10=150 0 750 (20-0)x40=800
G1 20x200=4000 0 5x200=1000 3000 (20-5)x200=3000
G2 20x20=400 -15x10=150 15x10=150 100 (20-15)x10=50
G3 0 0 0 0 0
L 20x250=5000 0 - 5000 20x250=5000
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(Balancing market)

® LET'S CHECK THE PROFITS

4-5p.Mm. H@’E‘«\
N& )

UNIT DA MARKET B MARKET FUELcosT TOTAL _“ﬁ‘“{%m

W 20x30=600 15x10=150 0 750 (20-0)x40=800
G1 20x200=4000 0 5x200=1000 3000 (20-5)x200=3000
G2 20x20=400 -15x10=150 15x10=150 100 (20-15)x10=50
G3 0 0 0 0 0

L 20x250=5000 0 - 5000 20x250=5000

WIND PRODUCER INCURS IMBALANCE COST!!

33 Lecture 4: “Market Clearing Under Uncertainty” Decision Making Under Uncertainty in Electricity Markets
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s S Challenges arising from RES

HE

® |S THIS FAIR?

® |SIT NECESSARY TO CLEAR THE MARKET 24-36H AHEAD?

/ LARGE UNITS \

24-36H AHEAD SHORTER HORIZON / \
, _ _ WIND PRODUCERS
‘@ @ @ 9P
S 2 (]
b
Il g9
\ )

CUSTOMERS

M LOW VALUES OF WIND PENETRATION!!
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What would happen if wind capacity increases?
Day 1 Day 2
: LA
12 a.m.
Price Demand
4-5P.M.
UNIT | CosTt OFFERS DEMAND G3
W 0 100@0 a2
G1 5 200@10
250 MWH G1
G2 15 100@20 10 |}----—-----
G3 25 100@30
250MWh Energy

35
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Ganmragidn stk / Damands (MF)

5
g

se000 2

32000
0000 =
26000 - S

H
g

a3tee g

L

10006

16000 &

(LU

10000 -+

36

Challenges arising from RES

0/2813

Lecture 4: “Market Clearing Under Uncertainty”

‘Can_ sdica
2013-10-20 63.00

{24 24 In damands

o =m

g
21 et Ty ey i e

0 Dol e T A

W rtarginal price Spanish system

- DEMAND

W Edlcs

(LTI
28/10/2012 - Daily market hourly price

P T T P PR VU TR T
Howr

B e R ww

"
s . ? [ o n n n M

B Harginal price Portuguese system [l Total Energy Iberian Harket
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i

N,

N

DEMAND

Demasds

EEEEEEEEEEEEEREEEE

TIEE MO0 30O 1200 LiED 100 1380 14100 1300 1500 1T00 IEOD IH00 2000 2180 2200 TGS DiB0 1BE OG WG 400 500 &00 TWD0 GiB0 WOC 30,00 3500 32,00 L300 1400 13.00 1600 1700 LB:D0 $HOD 30/00 2180 2180 INcE

29/10/2012 - Daily market hourly price

®0 20,000
20,000
™ 20,000
24,000
w0
22,000
20,800
]
18,000
2 o0 o
0
z
: e}
13,600
0
10,600
PRICES b
w0
w000
i 2000
2000
0 0
' 2 a . s - v n . 10 " " 1 1" 1 18 ] " 18 20 n 2 0] M
tour
B nHargingl price Spanish systam B Marginal price Partuguess system [l Total Lrergy Iberian Markat
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What would happen if wind capacity increases?
Day 1 Day 2
U12 a.m.
Price Demand
4-5 P.M.
DA SCHEDULE a3
UNIT MW
W 100 G2
G1 150
Gl
G2 - 10 """"" i
G3 -
250MWh Energy
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Challenges arising from RES

What would happen if wind capacity increases?

HE

39

Lecture 4

: “Market Clearing Under Uncertainty”

Day 1 Day 2
UB p.m.
Price Demand
4-5 P.M.

DA SCHEDULE BALANCING MARKET G3
UNIT MW UP DOWN

W 100 - - ez

Gl 150 - -

Gl
G2 _ 10@25 | 10@15 10 [
G3 - 20@35 | 20@25
250MWh Energy

Decision Making Under Uncertainty in Electricity Markets
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Challenges arising from RES

What would happen if wind capacity increases?

NE

40
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Day 1 Day 2
UB p.m.
4-5 P.M. WIND 50MW NONE DOWN
HIGHER THAN REGULATING
DA SCHEDULE BALANCING MARKET
EXPECTED RESERVES
UNIT MW UP DOWN
W 100 - -
G1l 150 - -
G2 - 10@25 | 10@15 50MW OF WIND
G3 - 20@35 20@25 SPILLAGE

Decision Making Under Uncertainty in Electricity Markets
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What would happen if wind capacity increases?
Day 1 Day 2
U12 a.m.
Price Demand
4-5 P.M.
DA SCHEDULE a3
UNIT MW
W 100 G2
G1 150
Gl
G2 - 10 """"" i
G3 -
250MWh Energy
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What would happen if wind capacity increases?
Day 1 Day 2

3 p-m
4-5P.M.

DA SCHEDULE REGULATING MARKET
UNIT MW UP DOWN

W 100 - -

Gl 150 -

G2 - 10@25

G3 - 20@35

42 Lecture 4: “Market Clearing Under Uncertainty” Decision Making Under Uncertainty in Electricity Markets
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What would happen if wind capacity increases?

Day 1 Day 2

NE

3 p-m.
4-5 P.M. WIND 50MW ONLY 30MW OF
LOWER THAN UP REGULATING
DA SCHEDULE REGULATING MARKET
EXPECTED RESERVES
UNIT MW UP DOWN
W 100 - -
G1 150 -
G2 - 10@25 20MW OF LOAD
G3 _ 20@35 SHEDDING
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i Challenges arising from RES
What would happen if wind capacity increases?
Day 1 Day 2
UB p.m.
4-5 P.M. WIND 50MW ONLY 30MW OF
LOWER THAN UP REGULATING
DA SCHEDULE REGULATING MARKET
EXPECTED RESERVES
UNIT MW UP DOWN
W 100 - -
Gl 150 -
Very costly!
G2 - iofezs 20MW OF LOAD
G3 _ 20@35 SHEDDING

44 Lecture 4: “Market Clearing Under Uncertainty”
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Challenges arising from RES

e LOW WIND POWER PENETRATION

-

LARGE UNITS

~

)

4 CUSTOMERS
. @ i7"
i1 &
N
45

24-36H AHEAD

¢ @ @

Lecture 4: “Market Clearing Under Uncertainty”

SHORTER HORIZON

9:

NE

/ WIND PRODUCERS \
S 2 Q-
1
1 1 g
\ J
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Challenges arising from RES

e HIGH WIND POWER PENETRATION

-

LARGE UNITS

~

)

4 CUSTOMERS
. @ i7"
i1 &
N
46

24-36H AHEAD

‘@

Lecture 4: “Market Clearing Under Uncertainty”

OTHER SOLUTIONS

P 9 9

e>

/ WIND PRODUCERS \
N ®
[ o
This v
\ J
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Outline

1) Spot electricity markets

2) Challenges arising from the large-scale

Integration of RES

3) New market solutions

I. Energy and reserve capacity

Il. Stochastic market clearing

Decision Making Under Uncertainty in Electricity Markets
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Reserve capacity markets

-
—
—

i

[ Reserve capacity markets ]

/

Day-ahead
market

\

|

4 )
Balancing
market

To guarantee enough balancing resources are available
during the real-time operation of the power system

48
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Reserve capacity markets
(Basic concepts)

i

Reserve capacity: The capability of a power system
above and below its current operating point to act in
response of a disturbance within a specified time interval

Reserve deployment: Collection of security corrective
actions through which the reserve capacity is transformed
into energy in the aftermath of a disturbance

Lecture 4: “Market Clearing Under Uncertainty” Decision Making Under Uncertainty in Electricity Markets
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wme - RE@serve capacity markets =
(Basic concepts)
Pmax
r— Maxreserve up
Production B
Pmin r— Maxreserve down
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Reserve capacity markets
(Basic concepts)

i

Reserve capacity: The capability of a power system
above and below its current operating point to act in
response of a disturbance within a specified time interval

Reserve deployment: Collection of security corrective
actions through which the reserve capacity is transformed
into energy in the aftermath of a disturbance

Classification criteria:
» Spinning (synchronized)/non-spinning (not synchronized)
» Activation time/purpose: Primary/Secondary/Tertiary
» Purpose: contingency reserve/forecast errors/black-start

> ..

Lecture 4: “Market Clearing Under Uncertainty” Decision Making Under Uncertainty in Electricity Markets
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Reserve capacity markets
(Basic concepts)

i

Reserve capacity: The capability of a power system
above and below its current operating point to act in
response of a disturbance within a specified time interval

Reserve deployment: Collection of security corrective
actions through which the reserve capacity is transformed
into energy in the aftermath of a disturbance

Classification criteria:
» Spinning (synchronized)/non-spinning (not synchronized)
» Activation time/purpose:@ary/Secondary/Terti@
» Purpose: contingency reserve/foreca?/errors/black—start

> ..

Terminology used in the lberian
Electricity Market

Lecture 4: “Market Clearing Under Uncertainty” Decision Making Under Uncertainty in Electricity Markets
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] DTU
wees - RESEIVE CapaC|ty markets =
(Configurations)
] [Day-ahead market}
Sequential Day d-1
set-up
Reserve capacity
markets
Dayd
{ Balancing market }
Time
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o RE@serve capacity markets

i

(Example: Sequential)

Data

= Producer A: 100MW & $10/MWh

= Producer B: 100MW & $30/MWh

= Net demand: 130MW
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Reserve capacity markets =
(Example: Sequential)
Data Total system demand — Total wind power forecast

Producer A: 100MW & $10/MWNh
Producer B: A00MW & $30/MWh

»Net demand: 130MW
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wwe R@serve capacity markets

(Example: Sequential)

e

Data
= Producer A: 100MW & $10/MWh

= Producer B: 100MW & $30/MWh

= Net dems

Reserve capacity reqguirement: 20MW

» Producer A: free reserve capacity

> Producer B: $25/MW
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e R@serve capacity markets
(Example: Sequential)

i

Energy dispatch

Min10P, +30P,
s.t. (P, =100 MW

P, + P, =130 >—><P;=30MW
0<P, <100 2. =$30/ MWh
0< P, <100

\

J



e R@serve capacity markets
(Example: Sequential)

i

Reserve dispatch

Min OR, + 25R, |

sit. (R =0MW
Ra+Rg =20 >~< RI;:ZOMW
0<R,<100-P,  Ar =$25/ MW
0< R, <100-P;

J



e R@serve capacity markets

i

(Example: Sequential)

Reserve dispatch

Min OR, + 25R, |
st.

R,+ Rz =20

0 <R, <100|P;

0<R, leO—ng

=

(R =0MW
R: =20 MW

| Ar =$25/ MW

Inputs!



IIIIII

Reserve capacity markets
(Example: Sequential)

P, =100MW P, =30MW A. =$30/MWh
R: =0MW R; = 20MW A, =$25/ MW

TC* =10P, +30P, +0R, +25R_ =
=10-100+30-30+0+25-20=%2400

profit’® = (30—-10)P, + (25-0)R, = $2000
profit®™® = (30—-30)P, + (25— 25)R; =$0

i

r Uncertainty” Decision Making Under Uncertainty in Electricity Markets



@ . DTU
wms - R@SErve capacity markets =
(Configurations)
Simultaneous
set-up

[ Day-ahead market}

{ Balancing market }

Reserve capacity
markets

e T —

Day d Day d-1 Time

61 Lecture 4: “Market Clearing Under Uncertainty” Decision Making Under Uncertainty in Electricity Markets



/Y :
wwe R@serve capacity markets

(Example: Simultaneous)

i

Data
= Producer A: 100MW & $10/MWh

* Producer B: 100MW & $30/MWh

= Net demand: 130MW

» Up-reserve capacity requirement: 20MW
» Producer A: free reserve capacity

> Producer B: $25/MW
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Reserve capacity markets
(Example: Simultaneous)

Min 10P, +30P, +

+0R, + 25R,

S.t.

63 Lectu

P, +P; =130
RA+Rg =20

P, +R, <100
P, + Rg <100
P, =20 P, =0
R,=zZ0 R; =0

re 4: “Market Clearing Under Uncertainty”

\

P, =80MW

R, =20MW

~ =50MW

R, = 0MW

A. =$30/MWh
Ay =$20/ MWHh

Decision Making Under Uncertainty in Electricity Markets

i
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wwe R@serve capacity markets

(Example: Simultaneous)

P, =80MW P, =50MW A. =$30/ MWh
R, =20MW R, =0MW A, =$20/ MW

TC™™ =10P, +30P, +0OR, + 25R, =
=10-80+30-50+0-20+25-0 = $2300

profit3™ = (30 -10)P, + (20-0)R, = $2000
profitd™ = (30—30)P, + (20— 25)R, = $0

i
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e R@serve capacity markets

(Example: Comparison)

Sequential

Simultaneous

Prod A Prod B

Prod A Prod B

Power 100MW 30MW 80MW 50MW
Reserve OMW 20MW 20MW OMW
Sequential Simultaneous
Energy price $30/MWh $30/MWh
Reserve price $25/MWh $20/MWh
Total Cost $2400 $2300
Profit A $2000 $2000
Profit B $0 $0
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e R@serve capacity markets

(Example: Comparison)

Sequential

Simultaneous

Prod A Prod B

Prod A Prod B

Power 100MW 30MW 80MW 50MW
Reserve OMW 20MW 20MW OMW
Sequential Simultaneous
Energy price $30/MWh $30/MWh
Reserve price $25/MWh $20/MWh
Total Cost $2400 $2300
Profit A $2000 $2000
Profit B $0 $0
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) -
o RE@serve capacity markets

i

Is there a reserve capacity market in
the Iberian Electricity Market?
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o RE@serve capacity markets

i

Is there a reserve capacity market in
the Iberian Electricity Market?

You should know ...
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e R@Serve capacity markets

m Mercado Quién lo gestiona Producto
Antes del Mercado de contratos Contratos a plazo fisicos
despacho bilaterales i
(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 , . > :

Mercado de restricciones I o (?I 0s) EST..p.?_

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

Mercados de SSCC:
Reserva secundaria
Reserva terciaria

MERCADOS DE
Dia del CORTO PLAZO

despacho (D)

Energia horaria

Energia a subir y bajar

Energia a subir y bajar J

.M“h.

ENERGIAv SOCIEDAD
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e R@serve capacity markets

Precio de la banda de secundaria (cent’'kWV) - 05/03,/2002

P I

== Banda a subir (b mm Handa a bajar (WA B Precio de banda {centdn

Lecture 4: “Market Clearing Under Uncertainty” Decision Making Under Uncertainty in Electricity Markets
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e Stochastic market-clearing
(Basic idea)

-
—
—

i

[ Day-ahead marketw
v,

{ Balancing market }

| .
Reserve capacity
markets

e T ———
Day d Day d-1 Time
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e Stochastic market-clearing

(Basic idea)

i

= Energy and reserve dispatches anticipate
plausible balancing market outcomes

= The anticipation is based on a probabilistic
description of uncertain factors

= Reserve regquirements are endogenously
estimated using a stochastic security metric:
The expected load not served (ELNS)

= The cost of security is driven by the ELNS

= Minimization of the expected system cost
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e Stochastic market-clearing
(Example)

Data
= Producer A: 100MW & $10/MWh

* Producer B: 100MW & $30/MWh

= Net demand: 130MW

» Up-reserve capacity requirement: 20MW
» Producer A: free reserve capacity

> Producer B: $25/MW

i
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e Stochastic market-clearing =
(Example)

Data
= Producer A: 100MW & $10/MWh

= Producer B: 100MW & $30/MWh

] May unexpectedly increase up to
= (Net demand: 130@_) 150 MW with a probability of 0.05

» Producer A: free reserve capacity

> Producer B: $25/MW
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e Stochastic market-clearing =
(Example)

Three types of balancing actions ...

1. Producer A may increase its production from
P,to P, +rawithr, <R,

2. Producer B may increase its production from
Pg to Pg + rg with rg < Rg

3. A part of the load increase, Lshed, may be

simply not supplied at a cost of $1000/MWh
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= Stochastic market-clearing =

(Example)
Min10P, +30P, + \
+0R, +25R, ( - — BOMW
+0.05(10r, +30r, +1000L" ) ~ _ SOMW
-
> P, =50MW
P, +P; =130 < o oMW
rA_|_rB 4+ LShed _ 20 > ‘ *B o
P, +R, <100 rhn =20MW
P, + R, <100 r; =0
r<R,, <Ry \ | shed — o
P,,P.,R,, Ry, I, e, L >0

76 Lecture 4: “Market Clearing Under Uncertainty” Decision Making Under Uncertainty in Electricity Markets



ol
]

| _[aaa] |

e Stochastic market-clearing =
(Example)

Expected cost at the
Min 10P, +30P, + / — balancing stage
+0R, +25R, ( P — 8OMW

@mo@ +1ooo@> R" = 20MW
>t P, = 50MW
P, +P; =130 :
[t + L =20 > — < Rf =OMW
P, +R, <100 rhn =20MW
P, +R, <100 rg =0
r,<R,, ry<R, L°"¢ =0

P,,P.,R,, Ry, I, e, L >0
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e Stochastic market-clearing =
(Example)

Cost of the expected load

Min 10P, +30P, + " not served
+O¥/ZR(B [ Py —soMwW
+Qoshor, +30r, +€000L) R, = 20MW

> P =50MW

P,+P; =130 >

[t + L =20 > — < Rf =OMW
P, +R, <100 rhn =20MW
P, + R, <100 r, =0
<R, g <R \ L shed — 0
PA’PB’RA’RB’rA,rB,LShedZO j
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e Stochastic market-clearing =
(Example)

Min10P, +30P; + )

+0R, +25R, ( P, =80MW
+0.05(10r, +30r, +1000L°™ ) R: — 20MW
st. P. = 50MW
P,+P; =130 *
F pt + L% = 20 = e TOMIW
P, +R, <100 fn = 20MW
P, + R, <100 \ s =0
r,<R,, ry<R; L4 =0

\
PA’PB’RA’RB’rA’rB,LShed20 \

NoO reserve
j determination constraint
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e Stochastic market-clearing =
(Example)

Min10P, +30P, + \

+0R, +25R,
+0.05(L0r, +30r, +1000L°™)
S.t.
P, + P, =130
r,+rg + L™ =20
P, + R, <100
P. + R, <100
<R, TI=<R;

P,,P.,R,, Ry, I, e, L >0

Same solution as that of the
simultaneous set-up
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e Stochastic market-clearing =
(Example)

Data
= Producer A: 100MW & $10/MWh

= Producer B: 100MW & $30/MWh

] May unexpectedly increase up to
= (Net demand: 130@_) 150 MW with a probability of 0.001

e |

» Producer A: free reserve capacity

» Producer B: $25/MW
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e Stochastic market-clearing =
(Example)

Min 10P, +30P; + \
+0R, +25Rp

+0.00110r,, +30r, +1000L°"

S.t.
P, +Pg =130
r p+rg + L5 =20
P, + R, <100
P; + Rg <100
rh <Ra, Ig<Rp

Pa.Ps,Ra, R, Ta, 15, L% >0

] A different solution
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(Adjustment Markets)

-

&

Day-ahead
market

~

J

I I Time :
Day d-1 Day d

83 Lectu

Other market-design solutions

-

\_

Balancing
market

~

[ Adjustment markets J

re 4: “Market Clearing Under Uncertainty”

-
—
—
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e Qther market-design solutions

(Adjustment Markets)

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 |

REE (el OS) compra
energiaa subir/bajar

Mercado de restricciones

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 markets

Lecture 4: “Market Clearing Under Uncertainty”
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To be continued...
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