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WHAT IS A MARKET?

e PEOPLE NEED CERTAIN PRODUCTS

S
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WHAT IS A MARKET?

i

e A MARKET IS ANY STRUCTURE THAT ALLOWS BUYERS AND
SELLERS TO EXCHANGE ANY TYPE OF GOODS, SERVICES AND
INFORMATION.

e GOODS OR SERVICES ARE EXCHANGE FOR MONEY.

e MARKET PARTICIPANTS CONSIST OF ALL THE BUYERS AND
SELLERS OF A GOOD WHO INFLUENCE ITS PRICE.

e THE MARKET FACILITATES TRADE AND ENABLES THE
DISTRIBUTION AND ALLOCATION OF RESOURCES IN A
SOCIETY.

e MARKETS ALLOW ANY TRADABLE ITEM TO BE EVALUATED
AND PRICED.
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WHY IS ELECTRICITY DIFFERENT?
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ELECTRICITY MARKET

i

*\WE NEED TO KNOW THE CHARACTERISTICS OF THE PRODUCT:

- ELECTRICITY CANNOT BE STORED (CONSUI\/IPTION AND
PRODUCTION EQUAL AT ANY TIME)

- ELECTRICITY FLOWS ON THE GRID ARE GOVERNED BY
KIRCHHOFF’S LAWS

- ELECTRICITY DEMAND IS HIGHLY INELASTIC
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ELECTRICITY MARKET

i

*\WE NEED TO KNOW THE CHARACTERISTICS OF THE PLAYERS:

N

- LARGE FUEL-BASED UNITS (ECONOMY OF SCALE)
- TECHNICAL CONSTRAINTS (REQUIRED A SCHEDULE)

- FAR FROM CONSUMPTION CENTERS (TRANSMISSION)

- DEMAND LEVEL EASILY FORECAST

- KNOWN DAILY, WEEKLY, AND YEARLY PATTERNS

- HIGH INFLEXIBILITY
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DAY-AHEAD ELECTRICITY MARKET =

*\WE NEED TO KNOW THE CHARACTERISTICS OF THE PLAYERS:

/ DAY-AHEAD MARKET \

- POWER PRODUCERS SUBMIT OFFERS TO
SELL ELECTRICITY FOR THE NEXT 24

HOURS
- THE DEMAND FOR THE NEXT DAY IS
FORECAST

- THE CHEAPEST OFFERS ARE ACCEPTED

QTO THE FORECAST DEMAND /
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DAY-AHEAD ELECTRICITY MARKET

Day 1 Day 2

|

b

12 a.m.
UNIT CosT OFFERS DEMAND
G3
Gl 5 200@10
G2
G2 15 100@20 250 MW 20 ;
G3 25 100@30 Gl
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DAY-AHEAD ELECTRICITY MARKET =

Day 1 Day 2
U12 a.m.
Price Demand

DEMAND = 250x20 = 5000
G1 = 20x200 = 4000 G3
G2 = 20x50 = 1000

G2

20 :

THIS IS CALLED MARGINAL PRICING
IS FAIR THAT G1 IS PAID AT THE Gl
MARGINAL PRICE?

250MW
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DAY-AHEAD ELECTRICITY MARKET =

Day 1 Day 2

|

12 a.m.

Price Demand

WHAT IF ACCEPTED OFFERS ARE

-AS- ?
PAID-AS-BID: G3

DEMAND = 250x20 = 5000

G1 = 10x200 = 3000 20 b

G2 = 20x50 = 1000

MISSING MONEY!!!!]
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DAY-AHEAD ELECTRICITY MARKET =

Day 1 Day 2

|

12 a.m.

Price Demand

WHAT wouLD G1 DO?
G3

G1 WOULD INCREASE ITS BID TO MAKE
MORE MONEY

IT CAN BE PROVED THAT PAY-AS-BID 20
MARKET CLEARING INCREASE ELECTRICITY
PRICES. Gl
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DAY-AHEAD ELECTRICITY MARKET

*\WHAT ABOUT THE NETWORK?

Price

Demand
G3
_____________________ .GZ
Gl
iPower
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DAY-AHEAD ELECTRICITY MARKET

*\WHAT ABOUT THE NETWORK?

WHAT SHOULD BE THE PRICE?

Price Gl G2 G3

00 900
» | ©|© | ®
30 900
30 i . i
20/30 | (&8 i i

Demand = 250x30 = 7500
G1 = 20x200 = 4000

G2 = 20x25 = 500 2250 extrall
G3 = 30x25 = 750
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DAY-AHEAD ELECTRICITY MARKET =

e L ARGE AND INFLEXIBLE UNITS

e PREDICTABLE DEMAND

e DAY-AHEAD ELECTRICITY MARKET

e GENERATING UNIT SCHEDULES DETERMINED 24H AHEAD
e ELECTRICITY PRICE EQUAL TO THE MARGINAL COST

e | OCATIONAL MARGINAL PRICES IF THE NETWORK IS
CONGESTED
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DAY-AHEAD ELECTRICITY MARKET

o 10.000 20.000 30.000

Matching purchase offers Sale offers Purchase offers
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DTU
DAY-AHEAD ELECTRICITY MARKET

i

09/11/2012 - Daily market hourly price
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DAY-AHEAD ELECTRICITY MARKET

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

ITVC +— ITVC +—

DTU

>
>
>

10-10-2012 | 7= Resolution|18-19 ~| currency[EUR ~| [ capacities + + Flow 4 Area Prices

ITVC +— ITVC ++

Elspot volumes
Buy System price:
MO 52414
NO2 44059

MNO3 24300
MO 22185

NOS 17158
DK1 30832
DK2 17209
SEA 12706
SE2 1675,2
SE3 107322
SE4 31005
Fi 61126
EE 3334
ELE 4764
LT 9230
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Elspot volumes

NO1
NO2
NO3
NO4
NO5
DK1

SE1
SE2
SE3
SE4

Fl

ELE
LT

Buy

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

System price

48.68
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DAY-AHEAD ELECTRICITY MARKET

*\WHAT ABOUT THE WIND?

Price Demand

G3

20 |- —

250MW Power
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DAY-AHEAD ELECTRICITY MARKET

SO, WHAT IS THE PROBLEM WITH WIND?

23

FIGURE 16: WIND FORECAST ERROR IN SPAIN
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DAY-AHEAD ELECTRICITY MARKET

SO, WHAT IS THE PROBLEM WITH WIND?

Forecast error at DK2 2011-2012 (%0)

50 -

40 -+

-30 A

-40 -

WIND CANNOT BE PREDICTED 24-36 HOURS AHEAD!!
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DAY-AHEAD ELECTRICITY MARKET =

e HOW DO WE DEAL WITH WIND FORECAST ERRORS?

Price Demand
NOWADAYS:
G3 BALANCING MARKET
G2
20 [ T
G1l
250MW Power
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BALANCING ELECTRICITY MARKET
Day 1 Day 2
U12 a.m.
A5 P Price Demand
UNIT | CosT OFFERS DEMAND
G3

wW 0] 30@0 ;

G2 |

G1 5 200@10 20 |- o E—
250 MW

G2 15 100@20 Gl
G3 25 100@30
250MW Power

27
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BALANCING ELECTRICITY MARKET

Day 1 Day 2

|

12 a.m. 3 p.m.
4-5 p.m.

Demand
DA SCHEDULE
UNIT MW G3
W 30 |

G2

G1 | 200 20 |
G2 20 Gl
G3 -
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BALANCING ELECTRICITY MARKET
Day 1 Day 2
4-5 p.M.
Demand
DA SCHEDULE REGULATING MARKET
UNIT MW UP DOWN
W 30 - -
G2
G1 200 _ 20 [ T
G2 20 10@25 Gl
G3 - 20@35
250MW Power
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BALANCING ELECTRICITY MARKET
Day 1 Day 2
4-5 p.M.
Demand
DA SCHEDULE REGULATING MARKET
UNIT MW UP DOWN
W 30 - -
G2
G1 200 _ 20 [ T
G2 20 10@25 Gl
G3 - 20@35
250MW Power
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BALANCING ELECTRICITY MARKET

Day 1 Day 2
U 3 p.m
4-5 p.m.

Demand
DA SCHEDULE
UNIT MW G3
W 20 |

G2 i

G1 | 200 20 |
G2 30 Gl
G3 -
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BALANCING ELECTRICITY MARKET =

e| ET'S CHECK THE PROFITS

4-5 P.M.
UNIT DA MARKET R MARKET FUEL COST TOTAL
w
Gl
G2
G3
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BALANCING ELECTRICITY MARKET =

e| ET'S CHECK THE PROFITS

4-5 P.M.

UNIT DA MARKET R MARKET FUEL cosT TOTAL

W 20x30=600

G1 | 20x200=4000

G2 20x20=400

G3 0]
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e| ET'S CHECK THE PROFITS

BALANCING ELECTRICITY MARKET

4-5 P.M.
UNIT DA MARKET R MARKET FUEL COST TOTAL
w 20x30=600 -25x10=-250
Gl | 20x200=4000 0
G2 20x20=400 25x10=250
G3 0] 0]
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BALANCING ELECTRICITY MARKET =

e| ET'S CHECK THE PROFITS

4-5 P.M.
UNIT DA MARKET R MARKET FUEL COST TOTAL
w 20x30=600 -25x10=-250 0]
Gl | 20x200=4000 0] 5x200=1000

G2 20x20=400 25x10=250 15x30=450

G3 0] 0] 0]
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BALANCING ELECTRICITY MARKET =

e| ET'S CHECK THE PROFITS

4-5 P.M.
UNIT DA MARKET R MARKET FUEL COST 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]
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BALANCING ELECTRICITY MARKET =

e| ET'S CHECK THE PROFITS

4-5 P.M. @,&
UNIT DA MARKET R MARKET FUEL cosT TOTAL \J
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

37 DTU Electrical Engineering, Technical University of Denmark



BALANCING ELECTRICITY

e| ET'S CHECK THE PROFITS

MARKET

W

B>
oo

@s

4-5 p.M.
UNIT DA MARKET R MARKET FUEL cosT TOTAL \J
w 20x30=600 -25x10=-250 0 350 (20-0)x20=400
Gl | 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 PRODUCERS ARE PAYING FOR FORECAST ERRORSI!!

38
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BALANCING ELECTRICITY MARKET

Day 1 Day 2
U 3 p.m
4-5 p.M.
Demand
DA SCHEDULE REGULATING MARKET
UNIT MW UP DOWN G3
W 30 - - |
G2 i
G1 200 ; ; 20 |
G2 20 10@25 10@15 Gl
G3 - 20@35 -
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BALANCING ELECTRICITY MARKET

Day 1 Day 2
U 3 p.m
4-5 p.M.
Demand
DA SCHEDULE REGULATING MARKET
UNIT MW UP DOWN G3
W 30 - - |
G2 i
G1 200 ; ; 20 |
G2 20 10@25 10@15 Gl
G3 - 20@35 -
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BALANCING ELECTRICITY MARKET =

e| ET'S CHECK THE PROFITS

4-5 P.M. @,&
UNIT DA MARKET R MARKET FUEL cosT TOTAL \J
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 ELECTRICITY MARKET =

e| ET'S CHECK THE PROFITS

4-5 P.M. @rs
UNIT DA MARKET R MARKET FUEL cosT TOTAL \J
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 PRODUCERS ARE PAYING FOR FORECAST ERRORSI!!
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BALANCING ELECTRICITY MARKET =

e |S THIS FAIR?

e |S IT NECESSARY TO CLEAR THE MARKET 24-36H AHEAD?

4 LARGE UNITS N

24-36H AHEAD SHORTER HORIZON

e e - /'VVHM)PRODUCERS‘\
¢ €@ @& 9:

’” J%‘ 4P

CUSTOMERS

ﬂ ﬂ_\' LOW VALUES OF WIND PENETRATION!!
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e \WWHAT WOULD HAPPEN IF WIND CAPACITY INCREASES?

BALANCING ELECTRICITY MARKET =

Day 1

Day 2

L

i

|

12 a.m.
4-5 p.Mm.

UNIT | CosT OFFERS DEMAND
W 0] 100@0
Gl 5 200@10

250 MW
G2 15 100@20
G3 25 100@30

44
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Price Demand
G3
G2
Gl
250MW Power
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DAY-AHEAD ELECTRICITY MARKET

0/2813
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PRICES
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W Harginal price Spanish system
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32000

Samaraziin alica [ Demasds (W]

DAY-AHEAD ELECTRICITY MARKET

N\
/F\f DEMAND

Demasds

TN MO0 30O 1200 L0 1300 1380 14100 1IN0 1600 1T00 IED0 1HO0 20000 2160 206 IN0H 0i0@ LGS 2OG WEC 400 500 600 TeDO
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BALANCING ELECTRICITY MARKET =

e \WHAT WOULD HAPPEN IF WIND CAPACITY INCREASES?
Day 1 Day 2

|

12 a.m.
Price Demand
4-5 p.M.
DA SCHEDULE G3
UNIT MW
W 100 G2
Gl 150
Gl
G2 - 10 [ |
G3 -
250MW Power
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BALANCING ELECTRICITY MARKET

e \WWHAT WOULD HAPPEN IF WIND CAPACITY INCREASES?

B>
oo

Day 1 Day 2

|

3 p.m.
4-5 p.M.
DA SCHEDULE REGULATING MARKET
UNIT MW UP DOWN
W 100 - -
G1 150 -
G2 - 10@25
G3 - 20@35
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BALANCING ELECTRICITY MARKET =

e \WHAT WOULD HAPPEN IF WIND CAPACITY INCREASES?
Day 1 Day 2

|

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
o3 ] — SHEDDING
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BALANCING ELECTRICITY MARKET =

e \WWHAT WOULD HAPPEN IF WIND CAPACITY INCREASES?
Day 1 Day 2

|

12 a.m.
Price Demand
4-5 p.M.
DA SCHEDULE G3
UNIT MW
W 100 G2
Gl 150
Gl
G2 - 10 [ |
G3 -
250MW Power

50 DTU Electrical Engineering, Technical University of Denmark



BALANCING ELECTRICITY MARKET
e WHAT WOULD HAPPEN IF WIND CAPACITY INCREASES?
Day 1 Day 2
U3 p.m.
Price Demand
4-5 p.w.
DA SCHEDULE REGULATING MARKET G3
UNIT | MW up DOWN
W 100 - - G2
G1 150 - -
Gl
G2 - 10@25 | 10@15 10 oo |
G3 - 20@35 | 20@25
250MW Power
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BALANCING ELECTRICITY MARKET

e \WWHAT WOULD HAPPEN IF WIND CAPACITY INCREASES?

1=

Day 1 Day 2

|

3 p.m.
4-5 P.M. WIND 50MW NONE DOWN
HIGHER THAN REGULATING
DA SCHEDULE REGULATING MARKET
EXPECTED RESERVES
UNIT MW UP DOWN
W 100 - -
G1 150 - .
G2 - 10@25 10@15 50MW OF WIND
G3 - 20@35 | 20@25 SEERaEIS
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BALANCING ELECTRICITY MARKET =

e LOW WIND POWER PENETRATION

LARGE UNITS

\_

o @
-y

CUSTOMERS

il

NN

)
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24-36H AHEAD SHORTER HORIZON
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BALANCING ELECTRICITY MARKET =

e HIGH WIND POWER PENETRATION

LARGE UNITS

\_

o @
-y

CUSTOMERS

il

NN

)
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OUTLINE

e INTRODUCTION TO MARKETS
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NEW SOLUTIONS

FLEXIBLE GENERATION

TRANSMISSION CAPACITY}

|
|
|

NEW MARKET DESIGNS }
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NEW SOLUTIONS

[ FLEXIBLE GENERATION }

8000
7 000
6000
5 000
4000
3000
2 000

1000

Sou
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UTILISATION RATES FOR COAL AND CCGTs

47 % -30%

AV. 05-07 \
Av. 05-07

COAL CCET

rce: Red Eléctrica de Espana, figure elaborated by Endesa
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e DECREASING UTILIZATION
RATES AS WIND PENETRATION
INCREASES

e MARKET REVENUES DO NOT
COVER PRODUCTION COSTS

e CAPACITY MARKET?



NEW SOLUTIONS ==

TRANSMISSION CAPACITY

FIGURE 23: THE NORDIC GRID MASTER PLAN

= Previously proposed

1. Fenno-Skan Il (Decided) 2011
2. Great-Belt (Decided) 2010
3. Nea-Jarpstrammen (Decided) 2009
4. South Link (Decided)* 2014

5. Skagerrak IV (Letter of Intent) Prel. 2014

== Proposals for possible new reinforcements
6. Sweden - Norway (South)*

SouthWest Link Prel, 2015
7. Sweden - Norway (North-South axis)

Brskog - Fardal Prel, 2013
8. Artic region

Ofoten - Balsfjord - Hammerfest Prel. 2014
* Combined in the “SouthWest Link”

O Possible external reinforcements
(Not prioritised)

Reinforcements requiring additional analysis
9. Finland - Sweden

National reinforcements of
importance to the Nordic grid

@ Decided or planned

£7% Under consideration

5 &

N

Vi

Ny

1 B
S N S

Source: NORDEL, Nordic Grid Master Plan, March 2008, in Svenska Kraftndt
and Statnett, “Swedish-Norwegian grid development”
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FIGURE 25: CORRELATION BETWEEN A STORM HITTING THE DANISH
WESTERN COAST, DANISH WIND PRODUCTION AND THE BALANCE OF
FLOWS BETWEEN DENMARK AND NORWAY

8 JANUARY 2005

e

= TRANSM. DK1->NO1
== BALANCE NORW. (NO1)
winD P. DK1

123 456 7 8 91011121314151617 181920212223 24
180 km Hour

Source: North European Power Perspectives (http://www.nepp.se/organisation.htm)

e 2006
—=— 2005
2004

2003

—m— 2002
—a— 2001
— 2000
— 1889

% of reservoir capacity

1 4 7 10 13 16 19 22 25 286 31 34 37 40 43 46 49 52
Week

WHAT WOULD HAPPENS IN DRY YEARS?



NEW SOLUTIONS

TRANSMISSION CAPACITY

=
=
=

i

W Spain Denmark [l North-East Germany [l North-West Germany

25 P --
= IE = p—

Year 2010

FIGURE 23: THE NORDIC GRID MASTER PLAN

== Previously proposed

1. Fenno-Skan Il (Decided) 2011

2. Great-Belt (Decided) 2010

3. Nea-Jarpstrammen (Decided) 2009

4, South Link (Decided)* 2014

5. Skagerrak IV (Letter of Intent) Prel. 2014

== Propaosals for possible new reinforcements
6. Sweden - Norway (South)*

SouthWest Link Prel, 2015
7. Sweden - Norway (North-South axis)

@rskog - Fardal Prel. 2013
8. Artic region

Ofoten - Balsfjord - Hammerfest Prel. 2014
* Combined in the “SouthWest Link”

O Possible external reinforcements
(Not prioritised)

Reinforcements requiring additional analysis
9. Finland - Sweden

National reinforcements of
importance to the Nordic grid

O Decided or planned

£7% Under consideration

= 3 3
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e DEPENDENCE ON OTHER
COUNTRIES GENERATION

e FAILURES

Source: NORDEL, Nordic Grid Master Plan, March 2008, in Svenska Kraftndt
and Statnett, “Swedish-Norwegian grid development”
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NEW SOLUTIONS

i

[ SMART GRIDS }

ELECTRICAL GRID THAT USES INFORMATION AND COMMUNICATIONS
TECHNOLOGY TO IMPROVE THE EFFICIENCY, RELIABILITY,
ECONOMICS, AND SUSTAINABILITY OF THE PRODUCTION AND
DISTRIBUTION OF ELECTRICITY.
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[ SMART GRIDS }

Wind
/

TSO A
DA Forecast

““““““““““““““““““ =) | BALANCE THE WIND FORECAST
ERROR USING FLEXIBLE
_ DEMAND Y,

4-5p.m.
Low priceﬁ
Tmax=220C

Tmax
TURN ON /@\
/ <:[ EATING k: — N L

Tmin=18°C

Tmin

4-5p.m.

61 DTU Electrical Engineering, Technical University of Denmark



=

e
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[ SMART GRIDS }

Wind
/

TSO A
DA Forecast

_________________________________ |:'> BALANCE THE WIND FORECAST
ERROR USING FLEXIBLE

\_ DEMAND -
4-5p.m.
High priceﬁ
Tmax Tmax— 20C
TURN OFF /0\
/\ <:[ HEATING <: i<: A
Tmin
4-5p.m. Tmin=18°C
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NEW SOLUTIONS

[ SMART GRIDS }

e CHEAP BALANCING POWER

e DISTRIBUTED RESOURCES
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* HIGH INVESTMENT

e CUSTOMER ACCEPTANCE

* MODELING OF DEMAND
RESPONSE

i



NEW SOLUTIONS

SMART GRIDS J

64

EcoGrid*

www.eu-ecogrid.net

DTU Electrical Engineering, Technical University of Denmark

e 5 MINUTES REAL-TIME
MARKET

e 2000 HOUSEHOLDS

e STARTING 2013

=
=
—
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NEW SOLUTIONS

[ NEW MARKET DESIGNS } e NEGATIVE PRICES

Real-time market, DKK/MWh DK-Vest: Price for

balancing power for consumption
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NEW SOLUTIONS

[ NEW MARKET DESIGNS }

DecouprLED MC

Price Demand

G3

G2

Gl

10 """"" :

250MW Power
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=

e

e COORDINATION BETWEEN DAY-
AHEAD AND BALANCING

COUPLED MC

Price Demand
G3
G2
Gl
250MW Power
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/FINAL SOLUTION TO INTEGRATE RENEWABLE\

PRODUCTION INTO POWER SYSTEMS

4 N

TRANSMISSION CAPACITY

-

FLEXIBLE GENERATION

~

N %
4 N

NEW MARKET DESIGNS

\
>

SMART GRIDS

%
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THANKS FOR YOUR ATTENTION!
QUESTIONS?

A~
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