XX E A XX B % x @ K ¥ ¥ R Vol. XX No. XX
XXXX 4E XX A JOURNAL OF XI’AN JIAOTONG UNIVERSITY XX XXXX

SHXNRABERESEHRZXZEH R ERE
W 7T

EWRY, BARE, KBE, BT B8, FTR
(1. REHTARFRTEFRE, 116024, 10 7 R#E; 2. K/REMR TRFRIEHR T TRY 6, 150080, ¥R E)

WE.: AFEANESTFAO>AXNFTRA G LRSS 0RO R I H £ TR LI E R &34 e eh iz
FERE AT N BT oA X T RREALALSMER SR ey d AT 0 7 %, T EM
R EAERGEF R IN RBEERNAERLEHNAXERL ARIINBENEHHRS A%
RH DN FEAMRERARFHOR FRAFTEEARMNALAE, SR E AN RS THRS
5 R BRI H R TFN ARBREOF EF T RN SR RPORATF S 08 E &
RANFRNAZ BRI AN, FH SRR EEFRIERRFFHZ T, RT &Y
BRI R M E MR AL X T RARG IR FRTERFN A>T P OARH
AxEBIREAN TR FERGEAAMI RN FFERATHEL ML CAHEIFTEEATE;F
MR H A Fo B UATPTRIFMIRARG T LA E—EZ ¥ ra, S RHFRR<0.1s . RA3EHFH
B3 ik S Ty AT R B TRAL E AT R AR AR AR 2 AT A

KW BRI oA X TR IR T S4B H £ T

FESES. TM732 XEIFEG: A

DOI: 10.7652/xjtuxbXXXXXX001 XEHS: 0253-987X(XXXX)XX-0001-11

Control Performance Evaluation Method for Aggregated Distributed

Energy Resources Participating in Frequency Emergency Control

WANG Haoran', LUO Dongqi', ZHANG Mingze®, BA Yu', LU Na', LI Weidong'
(1. School of Electrical Engineering, Dalian University of Technology, Dalian, Liaoning 116024, China; 2. School of Electrical and
Electronic Engineering, Harbin University of Science and Technology, Harbin 150080, China)

Abstract: To evaluate the control performance of large numbers of heterogeneous distributed energy
resources (DERs) and the virtual control unit (VCU) formed by aggregating them during frequency
emergency control, this paper proposes a control performance evaluation method for aggregated
DERs. At the VCU level, in accordance with relevant grid requirements for requency emergency
control, the under- and over-regulation energies caused by violations of the prescribed active-power
bounds during the transient and steady-state stages are selected as evaluation quantities, and four
corresponding indices are developed. At the individual DER level, regulation duration, amplitude,
speed, and delay are selected as evaluation quantities based on aggregation characteristics and
resource dynamics, and four corresponding indices are developed. Case studies under normal

conditions and three types of abnormal conditions show that the proposed method reliably reflects and
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correctly evaluates the control performance of both VCUs and individual DERs. In scenarios where

existing static methods produce misclassifications, the proposed method more effectively identifies

abnormal responses of VCUs and individual DERs and is therefore more reliable. The measurement

sampling interval and noise affect the calculation of the proposed indices. When the sampling interval

does not exceed 0. 1 s and measurement data are preprocessed using a three-point moving average or a

similar noise-reduction method, the index calculation errors remain relatively small.

Keywords: control performance evaluation; distributed energy resource; frequency emergency

control; virtual control unit
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Fig. 1 Control performance requirements for frequency
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Table 2 Simulation results of evaluation indices for VCU
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Table 3 Simulation results of evaluation indices for selected

individual DERs
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Table 4 Simulation results of evaluation indices for selected

individual DERs
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Table 5 Simulation results of evaluation parameters and indices for VCU
REERFG /s Wi/ (kWes) Wi M 22 R/ %6 Wi/ (kWes) W & AH X R 22 R/ %
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Fig. 2 Simulation results of evaluation parameters and indices for selected individual DERs
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