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• PEOPLE NEED CERTAIN PRODUCTS

• PEOPLE CAN PRODUCE SUCH PRODUCTS

• PLACE TO TRADE THE PRODUCTS

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

• GOODS OR SERVICES ARE EXCHANGE FOR MONEY.

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

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

• MARKETS ALLOW ANY TRADABLE ITEM TO BE EVALUATED
AND PRICED.

WHAT IS A MARKET?
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PRODUCT STORED TRANSPORTATION DEMAND

WHY IS ELECTRICITY DIFFERENT?

PARIS (50Kg)

ROME (80Kg)
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ELECTRICITY MARKET

•WE NEED TO KNOW THE 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
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ELECTRICITY MARKET

•WE NEED TO KNOW THE CHARACTERISTICS OF THE PLAYERS:

- 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
UP TO THE FORECAST DEMAND
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DAY-AHEAD ELECTRICITY MARKET

Day 1 Day 2

12 a.m.

4-5 P.M.

UNIT COST OFFERS DEMAND

G1 5 200@10

250 MWG2 15 100@20

G3 25 100@30

Price

G1

G3

Demand

Power

G2

250MW

20
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DAY-AHEAD ELECTRICITY MARKET

Day 1 Day 2

12 a.m.

Price

G1

G3

Demand

Power

G2

250MW

20

DEMAND = 250X20 = 5000

G1 = 20X200 = 4000

G2 = 20X50 = 1000 

THIS IS CALLED MARGINAL PRICING

IS FAIR THAT G1 IS PAID AT THE
MARGINAL PRICE?
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DAY-AHEAD ELECTRICITY MARKET

Day 1 Day 2

12 a.m.

WHAT IF ACCEPTED OFFERS ARE
PAID-AS-BID?

DEMAND = 250X20 = 5000

G1 = 10X200 = 3000

G2 = 20X50 = 1000 

MISSING MONEY!!!!

Price

G1

G3

Demand

Power

G2

250MW

20
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DAY-AHEAD ELECTRICITY MARKET

Day 1 Day 2

12 a.m.

WHAT WOULD G1 DO?

G1 WOULD INCREASE ITS BID TO MAKE
MORE MONEY

IT CAN BE PROVED THAT PAY-AS-BID
MARKET CLEARING INCREASE ELECTRICITY
PRICES.

Price

G1

G3

Demand

Power

G2

250MW

20
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DAY-AHEAD ELECTRICITY MARKET

•WHAT ABOUT THE NETWORK?

G1

G2

G3

250MW

300MW

Price

G1

G3

Demand

Power

G2
20

G1

G2

G3

250MW

225MW

Price

G1

G3

Demand

Power

G2
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Price G1 G2 G3

20

DAY-AHEAD ELECTRICITY MARKET

•WHAT ABOUT THE NETWORK?

G1

G2

G3

250MW

225MW

Price

G1

G3

Demand

Power

G2

WHAT SHOULD BE THE PRICE?

Demand = 250x30 = 7500

G1 = 20x200 = 4000

G2 = 20x25 = 500            

G3 = 30x25 = 750 

2250 extra!!

30

20/30
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DAY-AHEAD ELECTRICITY MARKET

• LARGE AND INFLEXIBLE UNITS

• PREDICTABLE DEMAND

• DAY-AHEAD ELECTRICITY MARKET

• GENERATING UNIT SCHEDULES DETERMINED 24H AHEAD

• ELECTRICITY PRICE EQUAL TO THE MARGINAL COST

• LOCATIONAL MARGINAL PRICES IF THE NETWORK IS
CONGESTED



18 DTU Electrical Engineering, Technical University of Denmark

DAY-AHEAD ELECTRICITY MARKET
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DAY-AHEAD ELECTRICITY MARKET
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DAY-AHEAD ELECTRICITY MARKET
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DAY-AHEAD ELECTRICITY MARKET
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G1

G3

G2

DAY-AHEAD ELECTRICITY MARKET

•WHAT ABOUT THE WIND?

Price Demand

Power250MW

20
FORECAST WIND = 30 MW 

W
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DAY-AHEAD ELECTRICITY MARKET

•SO, WHAT IS THE PROBLEM WITH WIND?

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

•SO, WHAT IS THE PROBLEM WITH WIND?

-40

-30

-20

-10

0

10

20

30

40

50

Forecast error at DK2 2011-2012 (%)

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

G1

G3

G2

Price Demand

Power250MW

20

W

•HOW DO WE DEAL WITH WIND FORECAST ERRORS?

NOWADAYS:

BALANCING MARKET
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BALANCING ELECTRICITY MARKET

Day 1 Day 2

12 a.m.

G1

G3

G2

Price Demand

Power250MW

20

W

4-5 P.M.

UNIT COST OFFERS DEMAND

W 0 30@0

250 MW
G1 5 200@10

G2 15 100@20

G3 25 100@30

WIND FORECAST = 30 MW 
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WIND POWER= 20 MW WIND FORECAST = 30 MW 

BALANCING ELECTRICITY MARKET

Day 1 Day 2

12 a.m. 3 p.m.

G1

G3

G2

Demand

250MW

20

W
Power

4-5 P.M.

DA SCHEDULE

UNIT MW

W 30

G1 200

G2 20

G3 -
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BALANCING ELECTRICITY MARKET

Day 1 Day 2

3 p.m.

WIND POWER = 20 MW 

G1

G3

G2

Demand

250MW

20

W
Power

4-5 P.M.

DA SCHEDULE REGULATING MARKET

UNIT MW UP DOWN

W 30 - -

G1 200 -

G2 20 10@25

G3 - 20@35
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BALANCING ELECTRICITY MARKET

Day 1 Day 2

3 p.m.

WIND POWER = 20 MW 

G1

G3

G2

Demand

250MW

20

W
Power

4-5 P.M.

DA SCHEDULE REGULATING MARKET

UNIT MW UP DOWN

W 30 - -

G1 200 -

G2 20 10@25

G3 - 20@35
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BALANCING ELECTRICITY MARKET

Day 1 Day 2

3 p.m.

WIND POWER = 20 MW 

G1

G3

G2

Demand

250MW

20

W
Power

4-5 P.M.

DA SCHEDULE

UNIT MW

W 20

G1 200

G2 30

G3 -
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BALANCING ELECTRICITY MARKET

4-5 P.M.

UNIT DA MARKET R MARKET FUEL COST TOTAL

W

G1

G2

G3

•LET’S CHECK THE PROFITS
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BALANCING ELECTRICITY MARKET

4-5 P.M.

UNIT DA MARKET R MARKET FUEL COST TOTAL

W 20X30=600

G1 20X200=4000

G2 20X20=400

G3 0

•LET’S CHECK THE PROFITS
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BALANCING ELECTRICITY MARKET

4-5 P.M.

UNIT DA MARKET R MARKET FUEL COST TOTAL

W 20X30=600 -25X10=-250

G1 20X200=4000 0

G2 20X20=400 25X10=250

G3 0 0

•LET’S CHECK THE PROFITS
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BALANCING ELECTRICITY MARKET

4-5 P.M.

UNIT DA MARKET R MARKET FUEL COST TOTAL

W 20X30=600 -25X10=-250 0

G1 20X200=4000 0 5X200=1000

G2 20X20=400 25X10=250 15X30=450

G3 0 0 0

•LET’S CHECK THE PROFITS
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BALANCING ELECTRICITY MARKET

4-5 P.M.

UNIT DA MARKET R MARKET FUEL COST TOTAL

W 20X30=600 -25X10=-250 0 350

G1 20X200=4000 0 5X200=1000 3000

G2 20X20=400 25X10=250 15X30=450 200

G3 0 0 0 0

•LET’S CHECK THE PROFITS
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BALANCING ELECTRICITY MARKET

4-5 P.M.

UNIT DA MARKET R MARKET FUEL COST TOTAL

W 20X30=600 -25X10=-250 0 350

G1 20X200=4000 0 5X200=1000 3000

G2 20X20=400 25X10=250 15X30=450 200

G3 0 0 0 0

•LET’S CHECK THE PROFITS

(20-0)x20=400

(20-5)x200=3000

(20-15)x30=150

0



38 DTU Electrical Engineering, Technical University of Denmark

BALANCING ELECTRICITY MARKET

4-5 P.M.

UNIT DA MARKET R MARKET FUEL COST TOTAL

W 20X30=600 -25X10=-250 0 350

G1 20X200=4000 0 5X200=1000 3000

G2 20X20=400 25X10=250 15X30=450 200

G3 0 0 0 0

•LET’S CHECK THE PROFITS

(20-0)x20=400

(20-5)x200=3000

(20-15)x30=150

0

WIND PRODUCERS ARE PAYING FOR FORECAST ERRORS!!
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BALANCING ELECTRICITY MARKET

Day 1 Day 2

3 p.m.

WIND POWER = 40 MW 
4-5 P.M.

DA SCHEDULE REGULATING MARKET

UNIT MW UP DOWN

W 30 - -

G1 200 - -

G2 20 10@25 10@15

G3 - 20@35 -

G1

G3

G2

Demand

250MW

20

W
Power
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BALANCING ELECTRICITY MARKET

Day 1 Day 2

3 p.m.

WIND POWER = 40 MW 

G1

G3

G2

Demand

250MW

20

W
Power

4-5 P.M.

DA SCHEDULE REGULATING MARKET

UNIT MW UP DOWN

W 30 - -

G1 200 - -

G2 20 10@25 10@15

G3 - 20@35 -
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BALANCING ELECTRICITY MARKET

4-5 P.M.

UNIT DA MARKET R MARKET FUEL COST TOTAL

W 20X30=600 15X10=150 0 750

G1 20X200=4000 0 5X200=1000 3000

G2 20X20=400 -15X10=150 15X10=150 100

G3 0 0 0 0

L 20X250=5000 0 - 5000

•LET’S CHECK THE PROFITS

(20-0)x40=800

(20-5)x200=3000

(20-15)x10=50

0

20x250=5000
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BALANCING ELECTRICITY MARKET

4-5 P.M.

UNIT DA MARKET R MARKET FUEL COST TOTAL

W 20X30=600 15X10=150 0 750

G1 20X200=4000 0 5X200=1000 3000

G2 20X20=400 -15X10=150 15X10=150 100

G3 0 0 0 0

L 20X250=5000 0 - 5000

•LET’S CHECK THE PROFITS

(20-0)x40=800

(20-5)x200=3000

(20-15)x10=50

0

20x250=5000

WIND PRODUCERS ARE PAYING FOR FORECAST ERRORS!!
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WIND PRODUCERS

CUSTOMERS

TSO

LARGE UNITS

BALANCING ELECTRICITY MARKET

• IS THIS FAIR?
• IS IT NECESSARY TO CLEAR THE MARKET 24-36H AHEAD? 

24-36H AHEAD SHORTER HORIZON

LOW VALUES OF WIND PENETRATION!!
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BALANCING ELECTRICITY MARKET

• WHAT WOULD HAPPEN IF WIND CAPACITY INCREASES?
Day 1 Day 2

12 a.m.

G1

G3

G2

Price Demand

Power250MW

10

W

WIND FORECAST = 100 MW 

4-5 P.M.

UNIT COST OFFERS DEMAND

W 0 100@0

250 MW
G1 5 200@10

G2 15 100@20

G3 25 100@30
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DAY-AHEAD ELECTRICITY MARKET

DEMAND

WIND

PRICES
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DAY-AHEAD ELECTRICITY MARKET

DEMAND

WIND

PRICES
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BALANCING ELECTRICITY MARKET

• WHAT WOULD HAPPEN IF WIND CAPACITY INCREASES?
Day 1 Day 2

12 a.m.

G1

G3

G2

Price Demand

Power250MW

10

WIND FORECAST = 100 MW 

4-5 P.M.

DA SCHEDULE

UNIT MW

W 100

G1 150

G2 -

G3 - W
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BALANCING ELECTRICITY MARKET

• WHAT WOULD HAPPEN IF WIND CAPACITY INCREASES?
Day 1 Day 2

3 p.m.
WIND POWER = 50 MW 

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

• WHAT WOULD HAPPEN IF WIND CAPACITY INCREASES?
Day 1 Day 2

3 p.m.
WIND POWER = 50 MW 

4-5 P.M.

DA SCHEDULE REGULATING MARKET

UNIT MW UP DOWN

W 100 - -

G1 150 -

G2 - 10@25

G3 - 20@35

WIND 50MW 
LOWER THAN

EXPECTED

ONLY 30MW OF
UP REGULATING

RESERVES

20MW OF LOAD
SHEDDING
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BALANCING ELECTRICITY MARKET

• WHAT WOULD HAPPEN IF WIND CAPACITY INCREASES?
Day 1 Day 2

12 a.m.

G1

G3

G2

Price Demand

Power250MW

10

WIND FORECAST = 100 MW 

4-5 P.M.

DA SCHEDULE

UNIT MW

W 100

G1 150

G2 -

G3 - W
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BALANCING ELECTRICITY MARKET

• WHAT WOULD HAPPEN IF WIND CAPACITY INCREASES?
Day 1 Day 2

3 p.m.
WIND POWER = 150 MW 

4-5 P.M.

DA SCHEDULE REGULATING MARKET

UNIT MW UP DOWN

W 100 - -

G1 150 - -

G2 - 10@25 10@15

G3 - 20@35 20@25

G1

G3

G2

Price Demand

Power250MW

10

W
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BALANCING ELECTRICITY MARKET

• WHAT WOULD HAPPEN IF WIND CAPACITY INCREASES?
Day 1 Day 2

3 p.m.
WIND POWER = 150 MW 

4-5 P.M.

DA SCHEDULE REGULATING MARKET

UNIT MW UP DOWN

W 100 - -

G1 150 - -

G2 - 10@25 10@15

G3 - 20@35 20@25

WIND 50MW 
HIGHER THAN

EXPECTED

NONE DOWN
REGULATING
RESERVES

50MW OF WIND
SPILLAGE
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WIND PRODUCERS

CUSTOMERS

TSO

LARGE UNITS

BALANCING ELECTRICITY MARKET

• LOW WIND POWER PENETRATION

24-36H AHEAD SHORTER HORIZON
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WIND PRODUCERS

LARGE UNITS

BALANCING ELECTRICITY MARKET

• HIGH WIND POWER PENETRATION

TSO

CUSTOMERS

24-36H AHEAD OTHER SOLUTIONS
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OUTLINE
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NEW SOLUTIONS

FLEXIBLE GENERATION

TRANSMISSION CAPACITY

SMART GRIDS

NEW MARKET DESIGNS



57 DTU Electrical Engineering, Technical University of Denmark

NEW SOLUTIONS

FLEXIBLE GENERATION

• DECREASING UTILIZATION
RATES AS WIND PENETRATION
INCREASES

• MARKET REVENUES DO NOT
COVER PRODUCTION COSTS

• CAPACITY MARKET?
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NEW SOLUTIONS

TRANSMISSION CAPACITY

WHAT WOULD HAPPENS IN DRY YEARS?
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NEW SOLUTIONS

TRANSMISSION CAPACITY

• DEPENDENCE ON OTHER
COUNTRIES GENERATION

• FAILURES
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NEW SOLUTIONS

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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NEW SOLUTIONS

SMART GRIDS

Wind

4-5p.m.

DA Forecast
TSO

BALANCE THE WIND FORECAST
ERROR USING FLEXIBLE

DEMAND

Low price

Tmax=22ºC

Tmin=18ºC4-5p.m.

Tmax

Tmin

TURN ON
HEATING



62 DTU Electrical Engineering, Technical University of Denmark

Wind

NEW SOLUTIONS

SMART GRIDS

4-5p.m.

TSO

BALANCE THE WIND FORECAST
ERROR USING FLEXIBLE

DEMAND

High price

Tmax=22ºC

Tmin=18ºC4-5p.m.

Tmax

Tmin

TURN OFF
HEATING

DA Forecast
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• CHEAP BALANCING POWER

• DISTRIBUTED RESOURCES

NEW SOLUTIONS

SMART GRIDS

• HIGH INVESTMENT

• CUSTOMER ACCEPTANCE

• MODELING OF DEMAND
RESPONSE
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NEW SOLUTIONS

SMART GRIDS

• 5 MINUTES REAL-TIME
MARKET

• 2000 HOUSEHOLDS

• STARTING 2013
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NEW SOLUTIONS

NEW MARKET DESIGNS

-1000,00

-500,00

0,00

500,00

1000,00

1500,00

2000,00

2500,00

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

• NEGATIVE PRICES
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NEW SOLUTIONS

NEW MARKET DESIGNS

G1

G3

G2

Price Demand

Power250MW

10

W

FORECAST=100 MW

WIND(30%)=130 MW 

• COORDINATION BETWEEN DAY-
AHEAD AND BALANCING

DECOUPLED MC

G1

G3

G2

Price Demand

Power250MW

W

COUPLED MC
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FINAL SOLUTION TO INTEGRATE RENEWABLE
PRODUCTION INTO POWER SYSTEMS

NEW SOLUTIONS

FLEXIBLE GENERATIONTRANSMISSION CAPACITY

SMART GRIDSNEW MARKET DESIGNS
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THANKS FOR YOUR ATTENTION!
QUESTIONS?
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