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• Bids to the day-ahead market are provided 
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• It is possible to trade on the intra-day market in order to compensate for 
forecast errors 
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Nordic Electricity market 

Day before de Ivery 

1.2.00 15.00 

Spot market 
E:loctricity spot 

B lance planning 

Day of delivery 

Dei ivery hour 

- oons mpUOfII forec t 
• comme rdal trad ng 
- prod ucf on pia ns 

Day after delivery 

• The forecast errors are handled by the TSO during the hour of delivery 

• Those who have caused to for forecast errors then have to pay 
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Example of day-ahead forecast from Lillgrund wind farm 
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Example of day-ahead forecast from Lillgrund wind farm 
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Weather front arrived later than forecasted 
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Example of day-ahead forecast from Lillgrund wind farm 
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Wind speed less than forecasted 
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Analysis of Lillgrund forecast errors (day-ahead, 12-36h) 

• I nstalled capacity 
• Yearly production: 

• Mean power: 
• Forecast error: 
• Mean deviation: 
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Swedish wind power scenarios with 10 and 30 TWh 
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• Projects under construction 
• Projects which have been 

granted permission 

Under 
construction 

+ 
Svensk 
Vindenergi 

:-- f~ 
-.. 4 ". 
-... 

Svensk 
Vindenergi 

With 
permission 

--

4000 

3500 

,. 3000 

~ 2500 

~ 2000 

~ 1 500 
;;; 

~ 1 000 

500 

0 

12000 

10000 ,. 
~ 8000 

~ 6000 
"C 

~ 4000 ;;; 
~ 2000 

12 I Future wind power forecast errors and associated costs in the Swedish power system I Fredrik Carlsson I 
2012.02.07 

Kapacitet p e r a..-e a 

4 Tota l 

A..- e a 

Kapacite t p e r area 

Tota l 

Area 

VATTENFALL ~ -



Eight actors 
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Model of forecast error for 12 - 36h forecasts 
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have a standard deviation of 13% of installed 
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Model of forecast error for 12 - 36h forecasts 
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Imbalance costs: scenario with 10 TWh wind power 

35,00 

30,00 

25,00 

20,00 

15,00 

10,00 

5,00 

0,00 

1 2 3 

o Today's price s 

• New prices 

o New bidding zones 

4 5 

Actor 

f Assumptions: 
- ( . 

~ • Today's prices are 
based on statistical 
data 

~==----. 

• New prices consider 
higher price level due 
to higher demand 

6 

• New bidding zones 
~ssume that cut 4 is 
ongested 30% of time 

7 8 

18 I Future wind power forecast errors and associated costs in the Swedish power system I Fredrik Carlsson I 
2012.02.07 

VATTENFALL ~ -



..s:::::: 
;: 
:i!: 
~ 
~ 

Imbalance costs: scenario with 10 TWh wind power 

35,00 

30,00 

25,00 

20,00 

15,00 

10,00 

5,00 

0,00 

1 2 3 

o Today's price s 

• New prices 

o New bidding zones 

4 5 

Actor 

f Assumptions: 
- ( . 

le ~ . Today's prices are 
I~~ ... 'L--""='~ based on statistical 
~2 data 

~==----. 

6 

• New prices consider 
higher price level due 
to higher demand 

• New bidding zones 
~ssume that cut 4 is 
ongested 30% of time 

7 8 

19 I Future wind power forecast errors and associated costs in the Swedish power system I Fredrik Carlsson I 
2012.02.07 

VATTENFALL ~ -



..s:::::: 
;: 
:i!: 
~ 
~ 

Imbalance costs: scenario with 10 TWh wind power 

35,00 

30,00 

25,00 

20,00 

15,00 

10,00 

5,00 

0,00 

1 2 3 

o Today's price s 

• New prices 

o New bidding zones 

4 5 

Actor 

~ Assumptions: 
_ - . ~ ~ • Today's prices are 

I~_L.~ ~ . based on statistical 
\~2 data 

, :t't 

=-=:.:..:..---. 

6 

• New prices consider 
higher price level due 
to higher demand 

• New bidding zones 
assume that cut 4 is 
congested 30% of time 

7 8 

20 I Future wind power forecast errors and associated costs in the Swedish power system I Fredrik Carlsson I 
2012.02.07 

VATTENFALL ~ -



..s:::::: 
;: 
:i!: 
~ 
~ 

Imbalance costs: scenario with 10 TWh wind power 

35,00 

30,00 

25,00 

20,00 

15,00 

10,00 

5,00 

0,00 

1 2 3 

o Today's prices 

• New prices 

o New bidding zones 

4 

Actor 

5 6 7 

21 I Future wind power forecast errors and associated costs in the Swedish power system I Fredrik Carlsson I 
2012.02.07 

Assumptions: 

• Today's prices are 
based on statistical 
data 

• • New prices consider 
higher price level due 
to higher demand 

.. ~ • New bidding zones 
assume that cut 4 is 
congested 30% of time 

8 

VATTENFALL ~ -



Why does it become more expensive? 
• 

• 
• 
• 

Wind power dominates forecast errors - fewer hours in "correct" direction. 
50% error (= independent) changes to 75 % error 

I~I ltil t,~ I Y fJ Il.,;~~ ..., \." ~ I~ VUIUlllti~ 

Number of hour without activation of regulating power decreases (to 50%
). 

Price areas -+ imbalances in different areas are not ~~ed. 
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Why does it become more expensive? 
• Wind power dominates forecast errors - fewer hours in "correct" direction. 
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Why does it become more expensive? 
• Wind power dominates forecast errors - fewer hours in "correct" direction. 
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• Number of hour without activation of regulating power decreases (to 50%
). 
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Possible improvement 1: Use intraday market Elbas 

• Trading forecast errors on Elbas reduces the volumes with 50% 
• Assumption: Forecast error (RMS) is reduced to 6% instead of 13%. 

40,00 

35,00 

30,00 

25,00 

~ 
:::!!: 20,00 
-.: 
~ 

15,00 

10,00 

5,00 

0,00 

r-
r- r-

r-

L-

- r-

r-

- r-

r-

2 3 

o New Prices 

• New Bidding zones 

o New Prices and Elbas 

o New Bidding zones and Elbas 

r-

-

r-r-
r- -r-

-
r-r-

r-

m r-

L-L-_ 

4 5 6 7 8 

Actor 

26 I Future wind power forecast errors and associated costs in the Swedish power system I Fredrik Carlsson I 
2012.02.07 

VATTENFALL ~ -



Possible improvement 2: Assuming 6h spot market 

• Change spot market to trade every 6 hour 
• Standard deviation 1 0% 
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Conclusions 

• Larger volumes of wind power lead to higher forecast errors in the system which 
results in: 

higher regulating prices 

more hours with regulation 

more hours with regulation correlated to wind power forecast error 

thereby higher costs for balance responsible wind power owners. 

• Geographical spread of the wind power leads to lower forecast error which implies 
lower costs. 

• The introduction of price areas leads to lower possibility to counterbalance 
imbalances between different areas. 

• Participation on intra-day market can reduce the imbalance costs with about 20%. 
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Conclusions 

• Larger volumes of wind power lead to higher forecast errors in the system which 
results in: 
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