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A two-stage allocation method for AGC command with multi-resource coordination
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Abstract: The weak inertia support and strong stochastic fluctuations of high-proportion renewable energy power systems
make it difficult to ensure the frequency quality of the power grid. Introducing different types of frequency regulation
resources to participate in automatic generation control (AGC) is an effective way to handle the above problem, but it also
requires that the AGC command allocation can adapt to the differentiated characteristics of different frequency regulation
resources. To address this issue, a two-stage allocation method for AGC command with multi-resource coordination is
proposed. First, different types of resources are arranged into the proactive AGC allocation stage or the real-time AGC
allocation stage that matches their characteristics. Second, in the real-time allocation stage, an AGC command allocation
strategy based on the allocation priority of resources is proposed. The allocation priority is designed according to the
regulation characteristics of different resources and the frequency status of power systems. In this way, the superiority of
different resources can be complementally utilized. Third, in the proactive allocation stage, an optimal allocation model is
established to achieve the coordinately optimal utilization of different resources. The penalty terms related to the residual
regulation redundancy of regulation resources are embedded to ensure the persistence of the frequency regulation ability of
resources. Finally, case studies based on practical power grid data verify the effectiveness of the proposed method.
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Fig. 1 A two-stage allocation framework for AGC command with multi-resource coordination
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Fig. 3 Frequency response model of the two-stage allocation of AGC command
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Table 1 Parameters of frequency regulation resources

GIRZE R Tl T2 HI1 H2 ES1
#/(MW/min) 0.96 0.96 1.92 1.92 —
bw/(GETL/MW) 2,00 2.50 1.80 2.50 1.50

MI1—MI10 732 R GAT IERESR PR IR 2 T
o H o WIERMMERMER; A, RKY

XIEAw 2 s E, N RER T & (energy throughput,
ET), RAE VAERERIMEAI 2, Hrballor, Nf%ee
FHA BRI dy . B BE I TE R IR
(depth of discharge, DoD), 7EAH[FFM& T, 78/H
TREEHR, Mk e AT ke K™Y T N AGC #

pro
A HT 2 BC B SRR TR AD,, i ETILAL 2
PO AR AR w1 T SR R AR X T R G AR T R SR A
R

2 2 1EEE 30 B A% M1—MI10 FRE REEITHREIEFR

Table 2 System operating performance index obtained by
M1—M10 in IEEE 30-bus system

o Mz  Af, Hz EJ/MWh dy,. /% T./s AD, /%
MI 00395 02031 21575 748824  — —
M2 00385 02397 84114  97.8996  — —
M3 00365 0.1664 39386 108192  — —

M4 0.0440  0.1304 7.7532  100.0000  0.0070  0.0000

M5 0.0354  0.1362  13.6490  100.0000 0.0070  0.0000

M6  0.0490  0.1882  11.6500  100.0000 0.0070  0.0000
M7 0.0343 0.1330 2.1942 52.5508  0.0060 15.7399
M8 0.0342  0.1178 0.1749 27.1802  0.0060 15.7399

M9  0.0334  0.1159 0.1162 27.6532  0.0065  0.0000

M10 0.0334  0.1162 0.1488 27.5475  0.0001  0.0000
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Table 3 Residual regulation redundancy of each unit in a certain

proactive dispatch period obtained by M8 and M9

FHLHFR R VT MW R K

Tl T2 H1 TRMW  BEH/MW
M8  4.3245 4.4720 0.0077 2.2878 0.3601
M9 2.9970 3.7935 2.0038 22878 0.0000
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ZRIRERS R R TR R, ARG B A B K
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Gh, TESERR 661 Wi R FEINT 3 Mikfe, e
3915 15 MW/5 MWh. 12 MW/2.4 MWh 1 10 MW/
2MWh. iZ£&% FAE AGC 184 0B 71T
PEREUIER 4 B, DAEE 1 MBI R T i RE2

RN I o
=4 PR 661 T RSGH M1, MS. M9 Fri8R%

BITIHEREIRIR
Table 4 System operating performance index obtained by
M1, M8, and M9 in practical 661-bus system

oyMz A Hz ET/MWh dpp/% Tl AD,, /%
M1  0.0406 0.1529  23.6585 74.3643 — —
M8  0.0345 0.1056 1.7342 16.8258  0.0100 20.0268

M9  0.0332  0.0980 1.5616 18.1516  0.0108  0.0000
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Fig. A1 Schematic of frequency regulation before embedding the penalty term related to residual regulation redundancy
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