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Generators replaced by electronics
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Primary control with batteries
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Occurrence of Primary Control Power in 2013

40% of the deliveries within 70% of the deliveries within
X deadband of +/-10 mHz optional deadband of +/-20 mHz
@ 100 = =
§ 10 == S
[ T — F—
8 1 Eﬁ>25%ie : - I>25%|E
& N 43
S 0.1 | _
e >50 % T =
L>), 0.01 =====¢=?é;=ID = >50% :E
) _4 _6 ai.bﬂ'.
T 10 b
)]
n'd -100 -80 -60 -40 -20 O 20 40 60 80 100

Delivered primary power P/Pmax / %

Cim Colog.nelr%s’.ciﬂ;efor“ |

Renewable Energy




State of charge without measures

Strong depletion due to
m Charging losses

= Imperfect frequency
measurements
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Degrees of freedom with Primary Control
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Degrees of freedom with Primary Control
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Effect of applying degrees of freedom
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Effect of applying degrees of freedom
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Effect of applying degrees of freedom
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Degrees of freedom with Primary Control
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Effect of a systematic frequency error

Energy is missing for one year m Allowed frequency
measurement error:
+/-450 MWh missing

m To achieve missing
energy <1MWh:
Preciseness required
+/-0.023mHz
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The idea: Compensate error by averaging
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Effect of applying degrees of freedom
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Conclusion
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Primary control with batteries

= Problem:
Strong depletion due to
e Charging losses
e Imprecise frequency measurements

m Solution:
Use degrees of freedom
e EXxcess delivery
e Deadtime
e Frequency: Averaging
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