Journal of Electrical Engineering B, T f&, 2018, 6(1), 59-70 Hans X
Published Online March 2018 in Hans. http://www.hanspub.org/journal/jee
https://doi.org/10.12677/jee.2018.61008

Research on Auxiliary Secondary
Frequency Regulation of Power
Grid Using Photovoltaic-Battery
System

Haodong Fan, Zhaoxia Xiao

Tianjin Key Laboratory of Advanced Electrical Engineering and Energy Technology, Tianjin Polytechnic
University, Tianjin
Email: 1475758613@qqg.com

Received: Mar. 2™, 2018; accepted: Mar. 19", 2018; published: Mar. 26", 2018

Abstract

A novel control strategy was proposed to participate in auxiliary second frequency regulation of
the power grid by using the multi-functional Photovoltaic (PV)-battery system. The scheme can
make the intermittent, fluctuating and non-dispatched PV to participate in grid security and sta-
bility operation as “good citizens” actively based on the fast and flexible controllability of
grid-connected inverter. That can enhance grid absorbability to PV power generation and the val-
ue of PV power generation. When the grid frequency is abnormal, multiple operation modes of the
PV-battery generation systems participating in the auxiliary second frequency regulation were
analyzed and a hierarchical control strategy was presented considering the rated capacity of
grid-connected inverter, solar radiation conditions, battery charge and discharge status, etc.

Keywords

Distributed Generation, Multi-Functional PV-Battery, Auxiliary Secondary Frequency Regulation,
Hierarchical Control, Mode Switch

KR - BRBRGES 5B MN RN ERMR

OER, AL
REE TV R 5 L T BT ORI T S %, R
Email: 1475758613@qqg.com

ks H i 201843 H2H: FAHHM: 20184F3H19H; KA HM: 201843726 H

EF|I M VR, HEE. O - ERIBASS S RN BRI D). AR, 2018, 6(1): 59-70.
DOI: 10.12677/jee.2018.61008


http://www.hanspub.org/journal/jee
https://doi.org/10.12677/jee.2018.61008
https://doi.org/10.12677/jee.2018.61008
http://www.hanspub.org

WILZR, HHE

=

AR T —MAAL IR - BRIMKBERRS S EN _JRBIRMFT TR, %77 A MY
2o PO R i AT ROGAR 5 R o T BRI S O TR IR AN T2 5 N R &R E BT I IF
AR”, MG B THRAMN A ROHSIRE S, RN B M ERERE. LB MRERE,
GEFBRIIMPRRNTERE. HREF. ERMABRREFLIRFER, R - EBEER
S 5N RIS MIETER, R T M B .

Xiia
SRR, BUREER - Eilt, YRS, SRR, BEXY#%

Copyright © 2018 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|

R ) B 953 2R A AR A 3 IR I R FELSKT FEL IR (VTR S 6 0 TR AT U B 0 A RE TR 4N BE D
PEH T HRIBRER[1] [2] [3] [4]. A2k AR M RR 5% 2 — K T RES 5K N (1 22 A e ig 47, BRIty
iR ARG MEE e R, IReZ uuRE. 20K - ERMARG IR ARG IEE K
P [ B AR A [R1I2 AT L300 BRI A - B 7 SR P2 it UPS. BN . ). DM, M HLE
KR L ThRE[S]. 2 ThREBIR - & o iR R SR $E AT A 080 e AR e v A R R 3R 17 o0 A
R HUT L R B PRI 2 5 i 22 RS R 1B AT INRE 1. AU AR ZIhRE R - A AR RGES S
LI BRI AT, SRR SR mvIE e A OGRS S 5 B N AIE SCRF AT T RE . BIUATERAE N
RES & = KIBFR 2 —, BRWLT BECRSR J XI5 R Gt ) & HAA ThZh 26 R0 4 g 2 [A) (P-4 5 & [6] [7] [8]
[9] [10]. H HIAHIGHE FL K 251X & B B BNV A Re (V2G) 2 5 M A [11] [12], Jefk - Btk
HLAR G 5 R T BT T AL T A BRNINIIT AR [1] . SCHR[2] [9]46 t & Fith 2 5 M AR AT 72 1 s
P SER, R EAT S B E A) 00 17 e S Al RS A A2, e 138 55 T Ok K B AT 60 £, TARAREE N K HELAL
B . B AT ICHT SR 2505 & b i B B T SR M6 RE(V2G) 2 5 U AR g [11] [12], 1A
I SCHR[13] S B0 T K5 KU FE 5 i RE AT HLIRC & I 2 5 F I 1 DA ke JXG FELSE G R3E Pl Rl 5 17 SCRR[ 14742 1
I CE A RE R AR SR T R K LI NS 5 BN AR, B e RE O & B A 1 — e i
JE SRRk BB AT B — EBORAMERE . SCHR[AS1HEH T —Fieik - B i3 5 MR, HIE S 3%
FERAE MDA S, e T & it At £k, o TR SR R R R, (RSB VE T
N BA 2 FE IR AR AL L DGR H D) 3 A 5 & Bt 788 TR B TC & o SCHR[16] [17]155 30 7 4k
I AT R 6 e 5 40 A X B AR bl 2 ], S efR-ERE & RIb S A A A KB R A S 5 W
WA — B SAEH . ASTFRI 6K - & itk R GuRH f N BT 5, U RGEE
T, FETORMR - B iR B R G R AT RE R YGRS TR S AT R, ARYE AGC TR 4
T S0 HLA ThTh e H A Bh 2 R S ORI SE, AR/ — YRS R AT A (1)
I Bt AR 2, SEELAT AGC 4R A 1 BRERS B PR I

DOI: 10.12677/jee.2018.61008 60 A TR


https://doi.org/10.12677/jee.2018.61008
http://creativecommons.org/licenses/by/4.0/

TR, HElE

2. R4k

iR - BRI RS S 5 KW AR B 1 poR, BEREREE A 2 fos. it
RETEHRRIIBE. &, XA DC/DC AR ds . JFMIEAR S BB M ., L2 h oS mk. -
JE¥EH| i dSPACEL103 #%fl], £ dSPACE1103 H AJ LR AT P il i AR 4% . AByids. Hih. KR &
B, AREARESEARFEIE . AN EN B AA EAC S, 7ER AT RECRIE YR AR TE i K Th 2 R HUIRES 1A
TR - BRI R GRS 5 M K. dSPACE (1) Control desk m JH.75 FH B it i 100 26 45 F0RH 12 1)
Pl A T LS IR G A AR WU R0 S5 ASIR S 2 R (0 2 e o I HP ASEAL F IO SR FH P — AN T s AR 2%
AR, FLJEHUR A D R AL “ DhITE AR . M RG AR, KRR SILBE )/
AT 3 RHOEAT R LSO

U R AT DR T T 2R A S B AR R BN, AR g e AR AR - E A B
F AR AR BT AN A Prer 1] FELIKARTIEAH BLH ThIN 2, R A Th-S2 308 M A
If, JERIYAS BT DL TAEFE B GUIRAS, R E FEb SOC f 2 BE G FEl A b X 1) 25 Pl vl 78 B, AT 48 R 45
AR A BRI, w7 AR B M EE SRR UM IEER, SRERILREAS S H
WA, K AR BT & B R AT BB T EL R . E R FE T R G e — A WUA ) Boost/Buck AR aE, AT
DR 3 1K) S0 %o 5 6] 78 0 42 AT ARAIE 25 v 5 5 5 e AT R 3 AR 28 M B BC 4, 52 PRk
IR

3. SRR

55 M 8 PRV R A 5 bR M S8 P AR 2 5 X R I ) O B R AR 55 o 24 R R A e B S
I, SBAR - B it b L ) 2% BRI ORI B AR A e, e AR TS AR RI R 4R A, i Bl R R

IEXS=R
B - A .
L Ipy o Y Y Y Y —
e Use _{ 2228, j————
Y Y
I a B |
= = DC /| | @
U/bat DC 133 ¢
A ! >
% s | = i?
& Bt SVPWM |€—
P el s
b AL EL )
F
BhES Toat deycyde p—
. PI >
— Ly BAHEEE % =
N ﬁgigg 2 ' | s Buck
- —> TE TS o il 5% uc
N
e INE -
é}f_’ 5 > % gl e WD s E v 2 »r— Wat Dantyeyde | —
= [ - [ e 2
L] > - T +
& N fEh& T _ Buck
5 L swmae |1, pro P > 1ELFR 75 HL s 2 -
LB

Figure 1. The structure of the multi-functional PV-Battery and its control system
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Table 1. Output power of grid connected inverter
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f<49.0 HL ST L T, S AR A 38 AT
49.0<f<493 AP, Prer=PrtAP;
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Table 2. Operation modes of PV-battery generation system participating in auxiliary second frequency regulation
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Figure 4. PV-battery generation system operation modes switching
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Figure 7. Simulation results of PV-battery system participating in auxiliary second frequency regulation
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