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TOMA DE DECISIONES BAJO INCERTIDUMBRE
EN MERCADOS ELECTRICOS

CLASE 2: “INTRODUCCION A LOS
MERCADOS ELECTRICOS”

JUAN MIGUEL MORALES
SALVADOR PINEDA

DTU Electrical Engineering
Department of Electrical Engineering



Y

 laaal |

INDUSTRIALES
ETSII | UPM

WHAT IS A MARKET?

PEOPLE NEED CERTAIN PRODUCTS

HE
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« Because he went to Mercadona to buy 1 kilo of
rice (from Italy). He is planning to cook a delicious

risotto on his electric cooktop
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HE

« Because he went to Mercadona to buy 1 kilo of rice (from
Italy). He is planning to cook a delicious risotto on his electric

cooktop

« Because he went to the electricity market to buy 1 kW of
electricity (from green energy). He is planning to cook a

delicious risotto on his electric cooktop
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MORE THAN A LAME EXCUSE...

He went to the electricity market...

— Where s it? Is there such a “physical” place?

Electricity cannot be
confined or stored
(in large quantities)

— Production and consumption equal at any time!
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..to buy 1 KW of electricity (as opposed to “buy 1 kilo of rice”)

Many very basic needs:
electricity demand is
Inelastic and not easy
to estimate
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.. (from green energy).
% -Non-traceable

-Undifferentiated
«\]

Huge
network
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Retailer
(Iberdrola)
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“‘ ; Electronic auction
&% (website OMIE)

Retailer
Iberdrola)



ol
]

&
wmee REWORD PACO’S EXCUSE

« Because he surfed on OMIE to buy 1 MW of electricity for

his customers. He works for Iberdrola

Bl
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KEY CONCEPTS

NE

An electricity market is an organizational structure that allows

buyers and sellers to exchange electricity for money
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e Characteristics of the product:

- Electricity cannot be stored (consumption and production

equal at any time)

- Electricity flows on the grid are governed by Kirchhoff’s

Laws

- Electricity demand is highly inelastic



Y

| _[aa8] |

N KEY CONCEPTS

« An electricity market is an organizational structure that

allows buyers and sellers to exchange electricity for
money.

 Market participants consist of all the buyers and sellers of

electricity.

HE
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KEY CONCEPTS

e Characteristics of the players:

i

- Large fuel-based units (economy of scale)
- Technical constraints (required a schedule)
- Far from consumption centers (transmission)

- Inflexible, but often cheap

~

/

- Medium-size gas-based units (low capital
costs)

)= = - Not necessarily far from big load pockets

- Flexible, but usually expensive
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e Characteristics of the players:

http://www.greenrhinoenergy.com/renewable/context/economics.php

N -?;} o 0 124 : 1
Q‘\\V/" -“Fossil-free” generation technologies
ol

'[':hb, % - Non-dispatchable and limited predictability

A ke ) . .
o ﬁ - Distributed generation

N /
/ - Total demand is highly predictable \

- Known daily, weekly, and yearly patterns
- Industrial consumers (partially flexible)
- Residential consumers (represented by retailers)

\ - Overall highly inelastic (Smart grids revolution?)/
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 An electricity market is an organizational structure that allows

buyers and sellers to exchange electricity for money.

« Market participants consist of all the buyers and sellers of

electricity.

« The market allocates electricity among players and allows it

to be priced.
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» Social welfare:

Price

Clearing
price

=
—
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KEY CONCEPTS —
Supply curve
Consumer surplus
Producer
profit
Demand curve
Energy

Cleared energy
quantity



)

INDUSTRIALES
ETSII| UPM

e Social welfare:

Price

Clearing
price

ma's'&et..

welfare
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KEY CONCEPTS

Supply curve

Demand curve
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Cleared energy
quantity

Energy
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UNT 1 emwr) | (Mweee/mwr) | (Mwa)
G3
Gl 5 200@10
G2
G2 15 100@20 250 20 b —r—
G3 25 100@30 Gl
250MWh Energy
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Price Demand
DEMAND = 250x20 = 5000
G3
G1 = 20x200 = 4000
G2 = 20x50 = 1000 G2
20 -
THIS IS CALLED MARGINAL PRICING
G1
IS “FAIR” THAT G1 IS PAID AT THE
MARGINAL PRICE?
250MWh Energy



A

wae MARKET-CLEARING PROCEDURE

WHAT IF ACCEPTED OFFERS ARE
PAID-AS-BID?

DEMAND = 250x20 = 5000

G1 = 10x200 = 3000

G2 = 20x50 = 1000

THE SYSTEM COLLECTS EXTRA MONEY

20

Price Demand

G3

HE

250MWh

Energy
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WHAT wouLD G1 DO?

G1 WOULD INCREASE ITS OFFER PRICE TO
MAKE MORE MONEY

PLAYERS ARE ENCOURAGED TO MARK-UP
THEIR OFFER PRICES

20

Price Demand

G3

HE

250MWh

Energy



DTU

=il

A
womn: N ARKET-CLEARING PROCEDURE =
Tivet Price Demand
Cost OFFERS DEMAND
UNIT 1 e /mwn) (MWH@€/MWH) (MWH)
G3
G1 5 200@10
G2
G2 15 100@20 250 ] R ——— —
G3 25 100@30 Gl
MARGINAL PRICING ENCOURAGES PLAYERS
250MWh Energy

TO DECLARE THEIR MARGINAL COSTS
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e Price Demand
CosTt OFFERS DEMAND
UNT L emwr) | (Mweee/mwr) | (Mwh)
G3
G1 5 200@5 i i
c2| |
G2 15 100@15 250 15 - —t i
G3 25 100@25 G1
MARGINAL PRICING ENCOURAGES PLAYERS
TO DECLARE THEIR MARGINAL COSTS >50MWh Energy

DOES PAY-AS-BID INCREASE THE ELECTRICITY PRICE? NOT NECESSARILY, BUT IT MAY
JEOPARDIZE SYSTEM EFFICIENCY
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e \WHAT ABOUT THE NETWORK?

Price Demand

G3

iEnergy

MARKET-CLEARING PROCEDURE

G1

G2

G3

=
—
—

i

iEnergy
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e \WHAT ABOUT THE NETWORK?

WHAT SHOULD BE THE PRICE?

Price Gl G2 G3
15 10 10 .
25 29 . 0

15/25 | (& ] i

Demand = 250x25 = 6250
G1 = 15x200 = 3000

G2 = 15x25 = 375

G3 = 25x25 = 625

2250 extral!l

G1

v M ARKET-CLEARING PROCEDURE

G3

HE

iEnergy
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e \WHAT ABOUT THE NETWORK?

WHAT SHOULD BE THE PRICE?

v M ARKET-CLEARING PROCEDURE

€15/MWh

Price Gl G2 G3
15 10 10 .
25 29 . 0

15/25 | (& ] i

Locational marginal prices (LMPs)

G1

HE

€25/MWh
225MW

G3

iEnergy
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01112012 | 7= Resolution[10-11  [+] Currency[EUR  [+] [ capacities +—+ Flow +—+ Area Prices

ZONAL PRICES

ITVC +— ITVC +—

7= Resolution[18-19 ~| currency[EUR ~| [ capacities + + Flow 4 Area Prices

ITVC +— ITVC ++

Luled

Elspot velumes
Buy System price:

NO1 52414 36.93
NO2 44059
NO3 24300
NO4 22185
NO5 17158
DK 30832
DK2 17209
SE1 12706
SE2 16752
SE3 107322
SE4 3100,5
FI 61126
EE 3334
ELE 476,4
LT 9230

Elspot volumes

NO1
NO2
NO3
NO4
NO5
DK1

SE1
SE2
SE3
SE4

EE
ELE

Buy

41411
3876,6
21340
1824,1
14199
34395
22804
12064
17004
105240
30684
6436,9
2157
3341
2186

System price

sE2
48.68

Sundsvall
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09/11/2012 - Daily market hourly price
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27/10/2012 - Daily market hourly price
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SPOT MARKETS
Day d-1 Day d
‘Ilzexnm
4-5 p.m. Price Demand
UNIT Cost OFFERS DEMAND
G3
G1 5 200@10
G2
G2 15 100@20 250 MW 20 —
G3 25 100@30 Gl
250MW

Energy
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Day d-1 Day d
U ]

a A 4 A
Day-ahead Balancing
market market
- J ~ g
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m Mercado Quién lo gestiona Producto
Antes del Mercado de contratos Contratos a plazo fisicos
despacho bilaterales Of&, O
(hasta D-1)

SPOT MARKETS

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

I REE (el OS) compra

2.

—————f L bl e

Mercado de restricciones I

Reserva 22: MW
Mercados de SSCC: Reserva 32: MWh

Reserva secundaria El resto de SSCC

Reserva terciaria : :
son obligatorios

Dia del , .
despacho (D Energia horaria

Energia a subir y bajar

Energia a subir y bajar

Balancing markets

MERCADOS A PLAZO

Dia anterior al 7 . > :

MERCADOS DE
CORTO PLAZO

.M“h.

ENERGIAv SOCIEDAD

DTU

i
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Day d-1 Day d
Innm
] ]
~ ™ ~ ™
Day-ahead Balancing
market market
\_ J \_ J

[ Adjustment markets J

I I Timei
Day d-1 Dayd
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SPOT MARKETS

Mercado Quién lo gestiona Producto

Antes del Mercado de contratos Contratos a plazo fisicos
(hasta D-1)

VPP: Endesa / IBD
CESUR: CNE

Subastas de
contratos a plazo

VPP: Opciones sobre MW
CESUR: Contratos financieros

Dia anterior al
despacho (D-1)

REE (el OS) compra
energiaa subir/bajar

Mercado de restricciones

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

son ohlisatorins

Mercados de SSCC:
Reserva secundaria
Reserva terciaria

Dia del

despacho (D) Energia horaria

Energia a subir y bajar

Energia a subir y bajar

Adjustment (Intra-day) markets

DTU

i

MERCADOS A PLAZO

} MERCADO DIARIO

MERCADOS DE
CORTO PLAZO

.M'“In

ENERGIAv SOCIEDAD
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