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VARIABILITY ANALYSES
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Smoothing effect— hourly time series of
production
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Smoothing of variability

» Hourly variability £ 20 %

Finland, + 18 %
Denmark, + 10 %

Sweden, + 8 % Nordic

= 15 min variability about
half of hourly variability

= 4 hour variability 2-3
larger than hourly

variability
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Production during peak load

Ysar

= Minimum, maximum and average wind power production during 10
highest peaks are shown with red error bars

= Single country as low as 2%. Nordic: 25 %, 30 % and 35 %. During
the 10 largest peaks per year, 15-50 %
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Ysar
Storms

= 3 years: largest event after Xmas 2011.

* [mpact seen locally. Ramps less than 50 % of capacity in any
country due to storm and no impact in the Nordic aggregated

wind power output Storm 26.12.2011 and 27.12.2011
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Storm analysis: 14 years of model data

~115 m.a.g.l
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Storms > 30 % of area — locally in Norway and Ysar
Sweden

Average storm hours/year (30% of area)

SE10h (0-0)
SE20h(0-1)
SE30h (0 - 5)
SE42h (0 - 11)
DK1 13 h (O - 34)
DK2 13 h (0 - 34)
NO10 h (0 - 0)
NO2 4 h (0 - 26)
NO3 12 h (0 - 40)
NO4 3 h (0 - 20)
NO5 22 h (4 - 50)
FIOh (0 - 0)
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Storms > 30 % of country area - only in Denmalfm

Average storm hours/month (storm >= 10% of area)
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If only land-based wind power

Avg storm h/month (storm >= 10% of area), land only
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FORECAST ERROR ANALYSES



MAE (%)

M %/ 4
MAE on different sizes of areas and number of
turbines
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Forecast errors on different power levels in
Finland, Sweden. Denmark and Nordic
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IMPACT OF WIND ON SYSTEM
BALANCING IN NORDIC
COUNTRIES



Ysar

How much is wind increasing the
variability that power system sees now
through the load

Met Load
----- Load
Load duration
- == Netload duration Met load Denmark 22 %o
1 500
1 Q00
=
Z 500 4
| =
o
i
= O
=
-
=3
RS 2 i s A | i i
1000

! I ! I ] ! I ] I ] ! I I I
1 1001 2001 3001 4001 5001 001 TJOO1 8001
Hour
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Hourly variability — impact in balancing need
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Finland: imbalances with 4.5 % and 10 % wind
share (from day-ahead forecast errors)
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VT
Nordic countries: Imbalances in with 3.5 % and

10 % wind share (from day-ahead forecast
errors)
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Planned work for Icewind end 2014-15

» Forecast errors: continue with analyses, two journal articles:

= VTT/DTU/Kjeller: Smoothing impact, improvement of forecast
accuracy

= VTT: Impact on balancing: day-ahead and some hours ahead, in
one country and Nordic wide, up-scaling existing wind, ilmpact on
balancing volumes (GWh) and prices/costs

= Storm analysis, one journal article (DTU, Kjeller, VTT)
* Impact of icing on forecasting accuracy (Kjeller, VTT)

* WILMAR model runs for power system impacts — one article
(VTT)
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