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Abstract: The volatility and randomness of photovoltaic generation will cause the output power of high-penetration
photovoltaic generation fluctuate randomly and then increase the burden of power grid frequency adjustment. At the same
time, high-penetration photovoltaic generation access of power grid will replace some conventional units, further
weakening the power grid frequency modulation capability. Aiming to the new challenge that high-penetration
photovoltaic has obviously affected the stability of grid, firstly this paper analyzes how can the photovoltaic generation
affect the frequency stability of power grid. Then it introduces the current technical route of photovoltaic frequency
regulation. Finally, the problems needed to be further studied are prospected considering the development of power grid
and new energy in China.

This work is supported by Major Special Project of Gansu Province (No. 17ZD2GAO010) and Science and
Technology Project of State Grid Gansu Electric Power Company (No. 52272716000K).
Key words: photovoltaic generation; high-penetration rate; system frequency regulation; VSG; energy storage frequency

modulation

0 3l

AR, H A REIR IR R e R A58 ¥ YL 55 i)
L, AFAS RSB REDR R 7S 380 4% [ IESURT () FE LA
XFEe TERHSAH AN E KBRS, FRECKH AR
FeAR K R K o HR i [ SR BRI ey R AT 1 e
THEGRE, 2015 FEREDCARINLE 5 R 43.18 GW,
SAER R 392 14 kWh, HAeEAeERKEER
0.57%; 2016 FiL%] 77.42 GW, 24ER W& 662 14

HEA: H54FAE7 (172D264010) ; B RH# 4 & A
onE) AT A (52272716000K)

kW-h, (HAERFERRERET 1%; 2017 FF50H%
HLEIE 130.25 GW, 2&FKHE 118214 kWh, |
4 [ A R HE ) 1.8% ARG K HAE Ry
REME Iy — OB RN,

BEE AR R IBIE R AW R, B TE5
WML 23 [R), BRARG T H O — R A% Y05 ity 46 25
55 T R R A RE T3, AR TR R R 2 4k
F, AT EMITOUR K B R G S W PR AR
HomEN,

T FETE AR H ik et i D AT R AR A ) i 1
71, BEINAMR 2 223806k Fa ki 1. 22 G A e AR 4k,
HHAT T REWT . A A TF STk ELE N X



-180 - ® LRGP B R

M ORI S S RG], T LR
PUANTTTHL: i U7 R LZE AT Zh- AR s 41
WU ARl TR S R e AR — U A5 RE
HER T RBFFORRH R R G b s LU T R
GeamER M R T, R S A AL A
A SR A ER AR 2 A Y D R G oh R
PRTRE M ORRF R G AE s PR BRI A 2D A
HUMLECARAE IR 5 L S 4 iR [R5 A LML) 1 A3
REHER 2L, T KO H M RS AL D

NIEASCE G/ TR R AR GO L
WARFGE LR MNLEL; SR 00T T ED eI
S LRGPPV, IR, S5 a1k
] FE P BT RIS R SER T DL, 4 T OLAR A
P E S S

1 SRR RGEIRRAIF M

ARG E ST L R G e 1T ) B A
2, BT o RGP DD R AR A 1 AR
RAPS, AT RHER R AR MBS, etk
L3 22 SR HH 45 KD BRI (Maximum Power Point
Tracking, MPPT)#51ill, MPPT ¥ Hl 4 Y6 ARBE S 76 5
KIS A D AT, RIS H 280 2 1340
fig 771,

TERAAA G GARBES ) R i, 2%
FIEHL ) 2R e SN A D P, 38 T B e s ) v D9
HEE o I HTWT ORI D) AR R G5
FESE I RE M BILEE, 5 RIS 2% F8 S RUHLZEL R 7 A
R RN, A R L R L
A — PR A — AT s S, Hixfdr S
WA ARNTC K o

B FEIF 2GR T (AR & AR, Afar B2
HAR) , SURARE A, ORI DR
REK,» FRBHLA R DR AR,
R AL, AL

AR, = AR, + AR, (1)

b/ Ay N T T ) R S G

AR, = —K A AR (1), 15

AP,, — AP
A: PV D 2
\f Tk 2
2 AR 5 AR, MR TRh
AP,
Af ==V 3
\f X, (©))

Q)T L ERA Y, B CARIBE R (1
s ARG H U AL St v AR )

JCARA D sh R St — D el 1 R G A AR
SE S R L) AR GE I RS 38— R RSB
HI T ARG E T2, BLRZRDhIi
RN A AR O AR R A BRI, e R
REIE N ARAGIR L /N AR SR ) AR A AT o %
TR I, A AL X I HL R
ol L, IR IR 3R 5 L AR DA< AR Al K
AU I, B R GUH A H DL = 2l —
ﬁ%gﬁ@ﬂ%ﬁ%ﬁ%%ﬁ@%%&%%%ﬁ%
Bz,

EBE AR S8 U AR I R LI T R 0 R D
AP, , W2 (4).
_APPV+APGZ_APD

A 4
\f X. “)
R ST SCE B AR, W (@)
Af = AF;, + AR, (5)
K

MG, RGBT 2 W R
HINLZL DR 1 e Se ORGP I Th R AL
I, BUARAGUERFAAZ . 357 ORI 2 A Fa AL
H DR B AN BRI AL TG AR A B A K 75 2
RGP FAREWE BRI WA
AR, MRGIRZERR,  BE— 2P IniE
T ARGHRMATEE

L EPNE, M RMBE IR R B RS,
SRTF T — B H LALLM BRI ) RGN e sl
BEEAMELE, FRREM—RMRE . T —kil
WA ZWMN, BEFDCIREE), FERGIR &
FEEEMR: T BRSO, (R,
P FL N LA g B AN e a2 KGR Th 5 3
I, Rt DR ARG R, TOR ™
R RUBIR A RRGE 51 L S

2 HECRESRR AR 5 M A IR

BEE YR A BB IER AW =, 555 T
WAL R, BT RGbirt, U R G0
KEE o« H RGO AR A 77 3 B S AT |
DX 358 FEL DX AR A FEL PR 1R A ) e T
2.1 =i

TeAR L, TAELE B KD RPN, e mT
R IR, Lk S5 aMim. midykbhek
B Z SR TAE R FH i T B K DR BR R A A L
fEILIREEAT, AP — e ) Dh 3 s AT Bk
RHERGEABEIN S5 RG0 M ae 5, g 1
iR



FBIEF RS ) RS Sk - 181 -

PA

Prppr@-——— 5 ———————=

P @ ————F————fmmm——————

|
I
|
I
|
I
I
I
I
I
I
I
I
I
.

»
»

VN;’PT Vi V
1 ARABRAFBRBETHEERANRTEE

Fig. 1 Schematic of reserve power in deloaded PV system
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Fig. 2 Schematic of PV-energy storage system
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Fig. 3 Control diagram of PV-VSG
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