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Hierarchical coordinated control strategy for frequency adjustment of microgrid groups

LI Xianshan!, DONG Xin!, CHENG Shan?, CHEN Tie?
(1. Hubei Provincial Collaborative Innovation Center for New Energy Micro-Grid (China Three Gorges University),
Yichang 443002, China; 2. Hubei Provincial Key Laboratory for Operation and Control of Cascaded
Hydropower Station (China Three Gorges University), Yichang 443002, China)

Abstract: In a micro-grid group consisting of Microgrid (MGs) owned by different separate entities, there are differences
in the operating goals, frequency modulation resources or capabilities of each MG. There is a requirement for the orderly
sharing of frequency modulation tasks and cost fee, and for the orderly achievement of frequency modulation economic
efficiency. The reserve capacity allocation rules for an islanded micro-grid group are analyzed and a strategy of
hierarchical coordination control for frequency adjustment of the micro-grid group is proposed in this paper. In the first
layer, the Micro-Grid Central Controller (MGCC) conducts economical frequency modulation based on Tie-line Load
Frequency Bias Control (TBC), undertaking the frequency modulation tasks caused by the power change of the MG itself,
to restore the system frequency, and eliminate the tie-line exchange power errors. In the case of an inadequacy of the
frequency adjustment of the MG, a frequency adjustment auxiliary service is delivered to the upper Micro-Grid Group
Central Controller (MGGCC). In the second layer, the MGGCC conducts an economical frequency modulation based on
constant-frequency control FFC in the micro-grid group to restore the system frequency. This strategy can achieve the
orderliness and economic efficiency of the frequency adjustment of the micro-grid group owned by separate entities. In
the process of frequency layered adjustment, each MG undertakes the frequency modulation costs caused by the power
change of the MG itself, including self-adjustment and mutual adjustment costs. Numerical results show the effectiveness
of the control strategy. This strategy can provide a reference for the design, networking, operation and control of a
micro-grid group.
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3) 45 EHTRIEE: TR 3 A1 4 FTRAY =1 IR S
T FFC 9 1% v o0 2 451 2 8 s 4 B AR 5, i Table 1 Micro-source related parameters
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BRRE wams mk w (KWiHz2)

MT1 0.454 00412 50 25
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i 3, PATFFCE R WT3 — 0.029 6 220 —
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MGCC, {5 B T8 1 L
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Fig. 6 Structure diagram of islanded micro-grid group Fig. 7 Typical day output curve of WT and PV
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Table 3 Micro-grid group load power fluctuation
before and after running state

KW
M IR BURDIR ThERMEE T AT
MT1 0 50
MGL  MT2 14 16 100 0
PVL 0 —
PV2 0 —
MG2  SB2 0 40 140 0
WT2 220 —
sB3 0 20
mes 1 190 B 184 +20
MT3 0 50
MT4 0 40

WANHT MG2 ZBRER LR MGL T3
80 kW, MG3 ZHLEKZLI I MGL I3 )y 6 KW,
MG1.MG2.MG3 [N = i 1 T 2463 43 il 66 KW
40 kW, 110 kW,

2) Tf B B — Ui A

X BT ZMIAEIRES , MG3 P far 98 5 i 5 S
I 7 20 kW, RGBEATIFRM — R %, Hi
FL R S DR SR I, AR (G)THE T 15 R G —
RIS 2 G [ T 0.167 Hz,

K 4PN 34 MG WITH 25— X% DG
M — ORI I B, N IR L — RS e Dl %
fWZE. 24 AR, AIE(L Mt N IE)R, B MG; [ 4
PRSI, NS MG BRI AR 1 —
UG, AT T R R EL IR LR R

—RIFBUE, RGHEME T -0.167 Hz,
W IR RIRER 2 b= AR T ST i 72, 5 kAT
ORI AT R

& 4 MBE—RIBLE & FTE DG & ThE
Table 4 Each controllable DG additional power after micro-grid
group primary frequency regulation

kw
- T — YU At YRS W25 AL Ty 2 )
PUES M i %2 Bz
MT1 417 4583 APy +75
MG1 MT2 333 2267  APrp 0 0
PV1 0 — APri; 475
PV2 0 — AP, +3.34
MG2  SB2 333 3667  APrx 0 0
WT2 0 — APry;  +3.34
SB3 167 1833  APr;  -10.83
WT3 0 — APy 75
MG3 +20

MT3 4.17 45.83 APt3 -3.33
MT4 3.33 36.67

3) FH—E M, LI M ST TBC
) A

R TBC @t S 5 R G 22
Af R R TR W Z AP, RANRQ)THE, 15215
HE 42 1% 22 MGCEi. Bl 22 RECH A MG
IR PE 250, M2 X MGCEs F= A 22
MAEPL M N MGCEL #1 MGCE2 NZ%E .

RS2 S N MG3 R B st s — 2L T
TBC M FE I i O iR, R H A A2

O SZPLUIN S HE B B 0 e A8 4k

@) TH BRI 26— U IR ATG 2 A 0 T 26 Al 22 5
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@ RGHFRKEF] 50 Hz.

A MGCCs fi4E MG3 R 41 DG
BAT A C DA, %A~ DG 7E& T TBC 19—
YRR B JE i T 2 sk 5 s MG3  MT4
RBAT A BAR, H I SB3, fJay MT3, At
e MT4 B i 38 K D)%

&5 MMEE TBC URIBSNE & AIHE DG & T
Table 5 Each controllable DG additional power of micro-grid
group TBC after secondary frequency modulation
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" s -k Dk E LR AL b}
WA AR ) . s -
WA R AR D mE E]
MT1 417 0 50 AP 0
MGl MT2  3.33 0 26 APr; 0 0
PV1 0 0 — APri3 0
PV2 0 0 — APr, 0
MG2 SB2 333 0 40 APtz 0 0
WT2 0 0 — APr; 0
SB3 167 0 20 APr3 0
WT3 0 0 — APry 0
MG3 +20
MT3 417 0 50 APtz 0
MT4 333 20 20 — —

H2& 5 1) I, 3B TBC ) A A @],
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R W2, BB RGRKE F 50 Hz,
PR AL RIS, RGENIERIZIT, L
HHATHE 25T FRC [ VR4
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B IERE

1) TN BERIRIE AT RS
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N 50 Hz, AN EMITR, REERIHIEH FPIRESWEE 6
Fine WBHT MG2 &ERZE LM MGL TN
75 kW, MG2 LB L7 MG3 %N 70 kKW,
MG1.MG2.MG3 P L a] i T 245 FE 43 51 4 90 kW
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2) AR S — KA
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Table 6 Micro-grid group load power fluctuation before
and after running state

KW
WM BE O IEITHER IhRRBE A TSN
MT1 0 50
MGL  MT2 0 40 215 +20
PVL 140 —
PV2 130 —
MG2  SB2 0 40 190 +20
WT?2 180 —
sB3 0 20
mes V1 195 - 225 +20
MT3 0 50
MT4 25 15

®” 7 MWEE—XIENE & AT DG & ThE
Table 7 Each controllable DG additional power of micro-grid
group after primary frequency modulation
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- 1;"'3(/)?*(7\ AR A IRERAS e Ty 2 ﬁiﬁ?
kS 2 WA
MT1 125 375 APy +2.5
MG1 MT2 10 30 APty +2.5 +20
PV1 0 — APri3 0
PV2 0 — APry -10
MG2 SB2 10 30 APy -25 +20
WT2 0 — APry3 -7.5
SB3 5 15 APr3 +7.5
MG3 WT3 0 — APry 0 +20
MT3 125 375 APr3 +7.5
MT4 10 5 — —
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AT LATH B o

3) FH—E M, MR T TBC 1
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Tl LR — VRIS » RER S T VIR 1E,
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MG2 #ilil MG1 Ih&yg /% 725 kW, MG2 iilAl
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AR TBC @S B R G 22
Af FIBRER L TR M2 APy, AAARQ)IHHE, 53
ol L X 45 il R 22 MGCEio A2 B HAL I 75 B St 58—
JZHET TBC I W H & R 1

M MGCC i MG AN DG 1)
BAT A B Th R, &> DG 7R+ TBC 1=
YOS i Th &k 8 flin . &1 435F TBC —IX
WA, MGL 1 MT2 3847 AR AR, L7 MT2
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SB3, #&JaJy MT3, KLfise MT4 fath D%,
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Table 8 Each controllable DG additional power of micro-grid
group TBC secondary frequency modulation

kW
R pom o R BEERd
WA A WM P ES RS Wl
MT1 125 0 50 APT1 0
MG1 MT2 10 20 20 APT12 0 +20
PV1 0 0 — APt13 0
PV2 0 0 — AP, 0
MG2 SB2 10 20 20 APty 0 +20
WT2 0 0 — APr3 0
SB3 5 5 15 APt3 0
MG3 WT3 0 0 — APr31 0 +20
MT3 12.5 0 50 APr3; 0
MT4 10 15 0 — —

13 8 1] AL, 1@ TBC #2 il — s 3 s sl
BTN e 76 4K 0 B S TR, WHRR T
BRER L D372, RIE T RGMFEIKE F] 50 Hz,
BEIN AR B LR AR, & T e R AT
5 EET FRC B R
4.5 | 3: ZFHMATEHEITERS F MR

BEERE, MENEADTATERR

1) BRI A AT IR

7E t=17:00 W%, FHMERESIZET, R0
N 50 Hz, AFEMHL, RGMFIE PR
9 FR. BNHT MG2 S B4 LRI 7] MGL [f1Th =
N 42 KW, MG2 AR 2kt ] MG3 TN 25 KW
MG1.MG2.MG3 A& AJ Yl T 245 FE 43 7)) 25 KW
40 kW. 35 kW.

*9 MEMEARINEEMNEIEBITRS
Table 9 Micro-grid group load power fluctuation
before and after running state

KW
MR R BRI ThERME fudr BT I 5
MT1 37 13
MGL  MT2 30 10 242 +30
PV1 133 —
PV2 120 —
MG2  SB2 0 40 213 +20
WT2 160 —
SB3 10 10
mes 140 - 240 +10
MT3 35 15
MT4 30 10

2) a8 S — i A

X BT AZMIIRIRAS s 34 MG W R A AT 5,
AR R RS S DI FR B APy 60 kW, X
NG TR AR RS — KRGS RS T %
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#* 10 4 3 MG WAL — AT A &
PREE LD w2 WL DTS — R
Vg, REGMIERMB 0.5 Hz, BEKLIIRMmE TR
KHITHRIME -

& 10 MMBF—RIBSNGE & FTHE DG 8L T
Table 10 Each controllable DG additional power of micro-grid
group after primary frequency modulation

kW
- TOIE— X RS T BREE A He T 2 B fif
RS W i 2 BE)
MT1 125 05 APy <75
MGl  MT2 10 0 AP, 0 +30
PV1 0 — APrs  -75
PV2 0 — AP, 10
MG2  SB2 10 30 AP 0 +20
WT2 0 — AP -10
SB3 5 5 APy +175
WT3 0 — APry 475
MG3 +10
MT3 125 25 APt3, +10
MT4 10 0 — —

3) H— JZ A= R, M SLERE T TBC 1
RS

o FEL PO R — R ATL AT Al 25 T WIUR A, AR
49.5Hz, WL MmE 7 R THRIME, MG3
Wl MG1 [ZhZEINE 7.5 kW, MG2 i MG3
TR DA 15 KW, S TBC A2
MGCE /NT%, S —Z3T TBC Wil M H

11 421 TBC SIS, &N
DG 3G R INER . ThEHM BRI R D) 222

fH# 11 A0, dEak TBC i — Vi g fnds
fil, MG2 Fl MG3 #fe 584740 [ & A (1) A8 4k 5
{H MG1 W AT DG &3 Kk Th# 23 KW, A5 1)
RO IR, JEARETE A A & A4k, 17
A 7KW A D RERE; IR 228 ¥ Th e fm 22 AT 58
1715, B MG2 Fl MG3 (1] ML 4% S — ViR
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Al 13 RGN % 9-0.127 Hz.
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Table 11 Each controllable DG additional power after micro-grid

Af'=— =-0.127 Hz

group TBC secondary frequency modulation
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MGGCC £ F] MGCCy [ 454 B AR 5518 K
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Table 12 Each controllable DG additional power after micro-grid
group FFC secondary frequency modulation
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