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Simulation of Synthetic Inertia Algorithm for Wind Turbines Complying with
Foreign Grid Codes
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Kwangwoon University, UNISON Co.,Ltd.
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1. ENTSO-E/Hydro-Quebecel &8 &M J|&
Technical requirements and definitions for synthetic inertia

Table 1.

27AR

0 Ho|
of ENTSO-E/Hydro-Quebec

ENTSO-E®

Hydro—Québec™

Nomenclature of
Synthetic Inertia(SI)

Fast Frequency Reserve(FFR)

Inertia Response(IR)

Type of SI Step Step or proportional to frequency deviation
Frequency level for 51 Activation level -0.3/-04/-05 [Hz] Dead band 0.1 [Hz]
activation _ i ]
Generatlor.l le?fel for SI X Generation level of wind ~ 95% of rated power [W]
activation _ ] generator
Maximum SI power Maximum FFR capacity Prequalified FFR capacity Maximum power > 6% of rated power [W]
[W] overproduction
. —r i
Maximum SI power Maximum FFR overdelivery < 20% of FFR capacity X
overshoot [W]
Rise time of SI power Full activation time 1.3/1/0.7 [s] Rise time < 15 [s]
Duration of SI Support Duration > 5 [s] Overproduction duration > 9 [s]
Rate of power decrease | FFR reduction rate during < 20% of FFR capacity X
after the end of SI the deactivation [W/s]
Delay time before Time until start of recovery > 15 [s] X
recovery start
i —rg i - :
Decrease power during FFR recovery < 25% of FFR capacity Decrease during energy < 90% of rated power [W]
recovery ' [W] recovery
Cycle of SI Prepared time for a new 15 [minute] Delay after the.end 9 [minute]
cycle ofrecovery period
. ¥ 2. M Y 2ne|EY mzlo|g
T, Table 2. Parameters of Synthetic Inertia Algorithms
Sl gtk ENTSO-E Hydro-Québec
= . Pr
Type of SI Step opomonal‘ t(?
frequency deviation
Fi level fi I
SO requency level for S -y 03 [Hz]
+ activation
. 6% of rated 6% of rated
Maximum SI power
981 BMISO-E2l EPIZE FRR T power [W) power (W]
Fig. 1 Snort duration FFR waveform of ENTSO-E Rise time of SI' power 13 [s] 15 [s]
Duration of SI 5 [s] 9 [s]
3. Matlab/Simulink &A A 2d2|&E AlEe0|M Rate of power decrease| 1.296 of rated T.29% of rated
after the end of SI power [W/s] power [W/s]
Matlab/Simulinke] 4 8% 45MW %2 Edle] ENTSO-E9] Delay time 'izlffe 15 [s] 0 ls]
. ﬁ Py A2 s _ = recovery s
A %L/i OJJqu' Hydro Quebeci’l] Fobg A3} BE{L 6{}\3 s Decrease power during | 1.5% of rated 0% of rated
4 eSS AgSlth A7 A daes2 # 19 recovery power [W] power [W]
LTS FetE] FAHOR AAER e FAE Hhﬁﬁ
yueE  Agsen ol #F 29 )l JdieEMe E 3. f4& 4.5M SE{E T2joly
Hydro-Québec 18| S ENTSO-E Febu|g o] 283k Zo|H, Table 3. Parameters of Unison 4.5MN Wind Turbine
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Fig. 2 Ramp frequency signals for simulation
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Fig. 4 Simulation result of wind case 2
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Table 5. Summary of simulation results

Wind Case 1 Wind Case 2
ENTSO-E| ¥ lenTso-E| V4o
_ Québec Québec
EIRCRu! 2918 2972 2.066 2.607
=837t | [MWs] [MWs] [MWs] [MWs]
RS —71.892 2871 2.161 2.718
9424 | [MWs] [MWs] [MWs] [MWs]
MP o 24! 11
BF Cp P -0.02459 0.000433 || —0.0005 -0.000587
MPP
52 A7t 636 [s] X 71.8 [s] 71.8 [s]
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