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Study on time series power simulation of photovoltaic output based on

rolling sampling Markov chain model
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(1.Electric Power Research Institute of State Grid Jibei Electric Power Co., Ltd., Beijing 100045, China;

2.School of Electrical Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: The volatility and randomness of photovoltaic (PV) output will affect the security and reliability of power
system dispatching operation. In order to accurately simulate the PV output over a long time scale, this paper proposes a
time-series power simulation model of PV output based on Markov chain. Firstly, a photovoltaic output model is
established, and the uncertainty and regularity characteristics of output are analyzed. Then, considering the output
relationship between adjacent days of the year on the basis of the first-order Markov chain model, the historical data is
sampled in a rolling way with 10 days as a sampling interval based on the season and weather factors, and a multi-state
transition probability matrix is established, and then the annual time series output model is constructed; Finally, based
on the output data and the annual historical meteorological monitoring data of a PV plant, the simulation of the annual
output is conducted and the results are compared with the traditional methods. The example results verify the
effectiveness of the proposed method, which shows that the method can simulate the PV output under the influence of
season and weather, and is consistent with the historical actual situation.

Key words: PV output; Markov chain;state transition probability matrix ; sequential power simulation

I 75 B #3:2023-04-20; & [E] H #3 : 2024-03-19
E£WE . EH ML S 4 R A R/ RHE T H (52018K20007K)
BEEE - ZWB(1976—), 5 Wb, #d, £ NG e IFR A5 (B0 HL AL AL 42 6 4 AT 5 ; E-mail : mchxia@bjtu.edu.cn



208 I <

15

Eid =S 3 2024 4E5 A

2021 4, v [ 0] P A BE R BT B RE LAY i 1.34 42
TR, o5 4 B R & ALY 76.1%6 ;T AR g TR
KWL e ik B 248 AL T I, 5 &4t &
29.8% . W 2 2050 4%, p [H 4 4F KU R &
BT GA AE R BB 63.6%01 . KR kR
T2 8 R AT AT 8K % A 9% RO 0B 5 R B g () R
HA] P A= e VR B A 0 B M S R B M AR LR
M AL N RENEEHE BT RE
Ze 200 TR) B AT P AR BE R R AL AR 5 R G A EE )
AR Z0E P & Bl s TS K R AE
FE L B, BT BE R 1 B0 AT A G
P& v TR R FH 2R R R T A B R ) ok ) SR
Ju ok E e

BB B A e AT R A R VR R O O Oy vk R A
3k ML H pk | RK B L R AR R AR,
R H ¥k S T8 DAL A 0 vT R A BB VR i L LA
AR — KA 35 O ik Bk ff B
ANiE T A R . SR S ARk )R R o X K ]
B 14 3 T BB TR S B ) M S BEA T AR B R R L JH 2
AL ey, kA 2 A 3 S A AL R
BV M DA AT 3 A AR 2R A R Il = i R
RAPL 3 R T B AT B B0 7 4], M 0 At 24 3 2%
TF BB BB R Ge kS 00 AR LAy 2 Rl ik
S FH S [) 77 20 5080, 5 RE AR B0 AT AR BB VR MR 1
R[] 4R, B 3E AT AR BB IR A

M E A PF 2 AT 6 AT A RE VR O B A
FERBESE . SCHk[ 24 1B BRI BRI B B R T
(1 3 5%, 45 4 8T BE IR 1 T 31 MR o A B B3 R
(14 0% 20 1 A0 23 A e Sr T KUH A AR &
(4 ) 2 7= A R 5 SR [ 25 ] 28 & % B8 KOG Y 7 4%
MG R R A R ER A T T BB IR R R H Y
A B IR AR R R R A SOk [ 26 )45 A K
A 5 Fe /N B faf T 5 3, B T — R I T R A
Al IR HRL T 25 1) H DT 4 XU E S T A9 B A 7 AR A
TR Tk

BB Bt 1) 15 7 T A5 400 3k 4 57 1 A L N 24 R
F A 55 S PR E BAEAE — R 2505, R BB 5 IEH B R
FIRY AT KA DL B4R B ] i Sk
AN 4 T S BT RE R H B LG T R AR
SCE AR 2T R AR A M R B Y R
P — b I TR 2h R RE H R AT R BE 0 6 AR EEE 2)
AR DIVE IR GRS 0l R 1], 56 pi s 2
A SRR BB, O 25 A H AR G R RE B
U A SC T $E VR Bl R FEA U A B 8 5 D5 s R

1 ERHNRE

AR & H A A 2 SO B 500 i EEEE O fiE
AT AR . BEAE R B, R A A IR .
Io=N.I. — Né,Ill(e"(fIIT’.(f o 1) (1)
o I A A ER LI 5 Lo G AR IR I ol PN &S T
T H P s KON B 7R 2528 80 m ol I B AR A
F T oA ECHLTR s U S B e FE L ; Ry b 88 B HR B
() 4 25 BEL A 5 N Sk ER B L BHL 18 S 5505 N A 9 B F B
BB, YR A i 32 T A f VR R DL R AR LR
SE RS2 e A I R/ 3 B A7 O R A
PLaE o — R, 7E — a2 i B P Bl O A e
(A 1 R, S HE PR 2 S R R 1) 30 A T
EZ N 1 Waata o 5 e = N . NP o X T
FEHE B i B 22 ] (R S R T AR R AN R
I.=7n+P,ee ™ (2)
AP,y W RRCR PO A I REE ;a
AR B W R B d TR R E
TE— DGR sl b R A — o T AR 2
JEAR HL AR, A AR & i A IR
P, = kSH.

s=is,.
j=1

A, S SR A TR 5 LRy B TR A K BH 4 IR
SR 5 RN AR

23 ST B, O R B B AR o A 5 R 2
oL, AT LA o Beta 53 A oR B A7 2w, B HE 5 B2
(14 ABE 23R 2 R PR B I

H )_ r(0+p) )(1 )“

H,o
(4)

| [
4 How ) 1(0)T(8)\ Hues
A, H ol B S BR 5 BEAE 5 e X 1 B5F 8] B 9Ol
HR S B i JBE e {5 8.0 R BRBUR IR B 88

S R AR % R i R A P 1 TR il 3
3B AT LA & O E A S 5 B HL AT H O IR S B i B
H 556 M 3 5 KA Hoe 2 4> B B0 B 258, TG
R K B Tl AR P, SORT LR A O BR EE HL 4R R R
R o PG, ARSI R AR S H g T 3R 50k R o
P54 TR — 2K Bl I A . O R S B i B H 3% 5] &2 il
PRI 22 52 ), 4 Hb 3k 2 7 3 A K, IE AR K BH
0B JE AR AR AR DL B DU 2 R S B R B S
7 £ B AR Ak 5 A2 X A BE A S A 11 5 A
J2 Xt HG ) T PR RN B SRR AR 2 6 O BE S B

(3)

H




$39BH 3 X, S TR Bl SR A S AR AT SR AR A Y R I R D) AR LA 5T 209

SR JEE 3 AL W) T R NS LR (] Be P, O R S B i
B RAH Hoyeo [V 32 B 3K S8 R B 25552 0 . R,
B ] 22 Ak, e AR T AR 5 BENLYE A S 1,
A —ERRAE, 208 760 holfR i Jy it 141

LA % AE)

0 0.10203040.50.60.708091.0
JG IR E
Bl bR R MR R
Figure 1 Probability density curve of light intensity

200

1601

1201

YR /MW

80

40

0 05 1.0 15 20 25 30 35

B [ /15 min

B2 8760htKE A& A
Figure 2 8760 h PV output curve

KAFE MG K B BERLIE , K REIR
AR 52 W) 32 AT AN () R J2 00 R B S A e e
S LLRCBICRAE T o B 2R 2 2 6 O FH 4R S B4 11 55
PERB/IN LR I B E AR B R 2 = VKW
KRR . P, KA 23 52 i D't I8 4 4
5 2, TR DG AR A i B BEPLIE o ok, Z v g
AR WG AR S A R R — Bk U, B0 IR
R 5 R, IR, & T TRE

2 LO/RAKREEE

2.1 LGRATRE@ENRAH HRBIER

Lh IR AT R A AL S — T 5 T 1 18] 5 50 ) 0 B T
HLEH ARG - MORESR R 25— MRS
3 B v, A7 TR B R, HLIZ G A R TR
FORT — MR S BEATHER S R SRR AT
K T RAEA G — RRREA K, W
N JLIE JH T Sy kAT R . Rl phy O A
AJ R ] SR REAL AR 2 R DG AR e R g 2l R
RN B R AT e A PRt AR SCRE A 3 o Dl AR

3 b3 s D R B IR Rt s AT i s oL
22 WKEHBMEER
Xof Ty JR AT SR DR A A M R A
JoT 1) i A% e LA 8 SRR
Pﬂ,(m):P{X”,H:k‘X,],:j} (5)

K, Pulm) i —A RGEAE m B 2R R oR Ry j i e
T — B Z 5 % 3] RR S BR8N — B R RS
FONREHBME, FE—-LKEILIRED A2
RS FE R MR 38 H % AR R M 2
i B ML A 2 AR B HL R R S B

&k

Xo=[ X1, Xoo» -+» Xos -] (6)
A, Xo A BEHL R AR AR R FEL T r
5 e B AL 2 RS AR R R AR R X, W
R e I BEAL IR A i R

X, =[ X, X0, o0y Xy oo (7)
Ao, X A BEVLE A AE - B 2R RS A BRI wp
153 5y JR AT R EERAUBAL N T

X, =X, +P=X,-P =

Pn Plz Plzl

P, Py o P, (8)
b ¢ ;

Pul PuZ °e Pml

X, PIPIR A B ML R s P o r ARSI AR B
PRI

3 DRI K E SR A A A R

AT HAB I 73k AR B0 T 5 2R Al
R IR P AL A0 V5 RE 8 T B DD AR R T S bR is
17 5 57 R AR A WA 9 OL AR G Bl R R
— BRI TGt a9 I vk, n] DUE B Ok e A R UL IR IR
RGriR e L BHLIR 22 , REAE $2 OB AR ) B SR ds
A AE R

AR ST T A ¥R Bl R B IR R] R AE AL 4t B UK
A I B AU i A — A IR 5 e B e ) R Ak B AR
YA TR A Gy KA 5 A B R M 4L IR 10 d o
— NSRBI, 1 d o — A SRR 2 B X AR s s
A D A U Bl 2R R I R A RO IR R 24
TR e B T I S R U S LR I B X Lo
IR AT L BT AT IR 28 T — A R B 3 AR A e B
DX T e A D, A 7 36 /N 17 SR e X i) A ) 25
JFE I BR T ARAR A 3 0] K 2 d A7 78 1) 5 24 % 2k
A1 00, 2 T 8 v R 8 R JEE



210 I <

15

Eid =S 3 2024 4E5 A

3 EEFTHUEMNXRSBEERBER

KA R 5 B 50 B A N S ok o] K 48
BIAZ O BT A, 5 BN KRR BT IH IS, B8
WAL R DR R — 12 A WA
EER ROk 1 I NI v B 8 S e ok S (U N
FAYAE BESE Al b X R T IR R A R R AT
it , 3 TR S0 RAE M DR AT e B SE AT A . 1) S8t
G3 AT IF ST N R MR R . il 7E 1 A
HENT 6 28 KA KA R B A B BRI 2T
S.L.M.C.Y . Hu xR —AH B 6 KK
AL H A P(LIS) R ET— K KA S 191 0
T, HRAKERN LHESR.

P,=
P(S\S) P(us) P(M\S) P(qm Py, P(u\s)
P(S\LJ P(L\LJ P(M\L) P(v\m P(Yu) P(H\L)
P(S\M) P(L\MJ P(M\M) P(uM) P(Y\M) P(m.vl)
P(S\(‘,) P(L\(‘) P(M\(‘) P(r\(‘) P(Y\(‘,) P(H\(‘)
P(S\Y) P(L\Y) P(M\Y) P(cw) P(Y\YJ P(m\')
_P(S\H) P(uH) P(WHJ P((‘,\H) P(Y\H) P(H\H)_
(9)

EREFTMREGSENRSEB M EER
BV NS N I RN D NS T €
K50 0 RS F 5 o AE B U TR A B AR AR 5
B Ty 0K B 4 o 8 S L. Y B AR P 3
P Z 8], 36 B P R S B2 AR, W) B BOIR S 5N
(Prwx— Poin) /P, A4 B I T 1 X0, X, 0, X o0
Horp X% 8 S K (P, PP, Xo X0 H S04k
B A (Punt P, Puwt2P,) R ICEHE. BT HAH
AN TR AT R A 25 5, ARG S ZR ]
AR FIT AT IR AT ) — MR B L W, AR SCHE
ST R A A a F R SR B 43 i N 22 AR
A P 1 3L ath b 4% BOR 2 RAE I 07 XA T
365 MR AFE A
33 EMHEAFIERTRE

AR SCLAGAR 33 g N ZE T R AR RRE R
SEA, F I TR S R AR Y T R AT O BE AR (1 S AR
WO RO R L 10d SRR L 1 d R
KA 2L TR Bl Dy S B SRR L S T ) )
A AR A 1A 3 TR, BB R .

D) ¥ 2 E R BT Ay o . KRB 1T 57
2 B BB IR 12:00 M IETRE 22 R B LT 2
43, LA 10 d g — AR AE JE A5 2GR th ) o
RS B B SR 5 Ps

3.2

2) B Wb B 20 R 4o, 3652 S E Y Ol TR
i I — 38 B L RS X, s Wl ae A ol
o, WU H N 00

3) MRAE WU a0 B 7o B 8 RAEE £, LA 10 d Ry —
AR JE 0 3k 370 21 B4 4 B GE T E 24 Ak 5 A A g
R R ORI RS AR I P, 2 P PR B A A 2 d B
RAAEACHA , A B ALEL o0, 42 K S0 S B B ik
A PR E P IR R Boe

4) B X, M) AR SR AR B P13 5 F — i) Z1
R X, B B HIL R e, XoF IO 7E A B R {H P
T L P R B bR 2 B A% AE S I vk g 1 HE 0 AR Ak
S bmZ i e REE A R RA X, .

5) MEI AT AR 4) B E Y H I RSB 2%
A, T2 H R AU B0 ok M R A B A B A
WH BTN RS, OF A Bk B e 2 RS
X, [FIE Hy 8o 1R AR 245 e B M 23 56 [ P, 75 2K
H i R B Bro

6) PAT R 2) B K 5) | A B 4 BEVR 3h Rk
(5 2 ) JE KRR sh— KAk B e8], B &
A4 365t 1P A1) 4 AR A A

Crie)

FEI AN a KRBT LI 12:00 5
T 120x2 A D) SRS FE L FE Py

=0

T2 55 D R WU TR, 0 5 X B T TR
X, 000 G H I aono LA LT 6 KT o
!

HELA 24 11t L o B0 22 65 19 2R S
I E Py, H2 IR 10 d 2 —ASRAE
JELIB1. 1 d T RE S5 VR 30 R 365
A R AR 2 T
!
LB T B LA o

i R AR B AR N
8 5 CH KB

Y
L———#iﬁﬁﬂ%%%ﬁﬁ?ﬂ\

B3 AR AERAER

Figure 3 Flow chart of output sequence generation
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Table 3 Comparison of typical solar photovoltaic output
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12:00 1594 1363 1512 808 1098 1049 395 684 461 1624 1496 1535
13:00 1517 1325 1540 1247 1153 1328 362 515 411 1595 1515 1563
14.:00 1283 984 1364 1069 646 956 104 376 131 1409 1334 1338
15:00 899 781 1135 877 228 692 296 428 350 1062 191 1019
16:00 325 624 733 90 301 95 102 178 129 296 108 487
17:00 34 12 192 264 380 350 50 227 139 68 223 245

4.5 BOIERS

FT T AU A A SR SN B g B S B AT A —
SE 2200, DT S BOREAU A B OEAR T S {E 5 s
PRSI HEAF A — R R 2% (R R R AR R 3 — B

A 3ok X He AR SR BRI Bl R BRI T ik S e itk A
RAERAU T 15 AT AR 2598« O A SCH $298 8l R A
P ADL 1 8 foe KA 1% 22 T T /N T4 A R FEBEAL, 1 22
BN HAR®IAE 500 LA A5 6 5 00K 15 25K O it



214 I <

15

%

R £ Eird 202445 H

R 2l 2R BERLULE BT 2B B ) 7 91 9 RMSE Sz /)N
i SRR, 2 W TR Bl R R AR AL 245 2R B 4 3 S B
18 B 5 © X b LB K SRR 2D AR o R B R
By R A AU 12 78 B A I 220 A R 0L ROH AR A T R A
RFERBAU DT IEAG R B . BR S E R Wk e
RENFRAEBIEAE T IR T 0 5 KAARER T
S B A E BR T AR AR H 2 1847 AR R O
o A5 A B R R R TN AT 5 S PR O

5 £5iE

AT T — ol R T I R AT R B R R Yl AR
H T3 IR PR 5 v o A AR G — B B R T K i AR R
i SEmih b PEAT T R - O 5 B AR R DGR BE IR
ol g SRR I R A S B B A 5 RO AR
H 7 B LA T B A R R R R R Y
W B B A AR o Lan o 120 A U
10 Fifr it 70 5K A {91 060 AR 25 5% 3% 0 I 2R AT B IE , 2K
HE R 220K 35 e A% MR AR T 5 O A5 # H R g3 Y il
b U R 2 BRR B R AR AU AR S M E BR T
AR H 3 e T ) 2 S BORY R BRE T R A TR)
) 4 R R et I A R LT ik AT
PLAE % A 30 o3 BF 5% (9 A0, 5 3%, 1 6 AR ) e K
1 45 J7 T 450 0 B2 45 D7 S B0dls , R 22 /1N, UE B ok ik
Tik A AT AT Y, 5 LB AR A — 2,
3 T A L AR GRS AU T vk A B R e, 45 COR A
(e

5% 3 H -
(1) X000, 48 45 28 WA, 45 . ey 0 22 o ) RLJSE e 48 T 2

BE VR BE 1 TEA P bR A 2R (0], 1 7 #15,2017,38(7):44-50.
LIU Dunnan,LI Qi,QIN Lijuan,et al. Evaluation of grid
accepting renewable energy in multi-time scale[J].
Electric Power Construction,2017,38(7):44-50.

TR AR N 5 A R RE IR AR R B RE AL
A A UL[I]. B AL TR 2 4, 2016,36(23):6305-
6314+6595.

DING Ming, LIN Yujuan, PAN Hao. Probabilistic

(2]

production simulation considering time sequence
characteristics of load and new energy[J].Proceedings of
the CSEE,2016,36(23):6305-6314+6595.

Ze ST XYY B2 0L B I A 7 A5 4L A e TR A TR
5 X I8 A0 PE A D). RE VR 5 19 f8,2022(11):33-35+39.

ZUO Liguang, LIU Zhouzhou, PENG Xu. Evaluation of

3]

cross-regional new energy consumption in power grid

based on timing production simulation[J]. Energy and

(4]

(5]

(6]

(7]

(8]

[9]

(10]

Energy Conservation,2022(11):33-35+39.

o T, g SRR T BR . T ROM 2 ) B G AR Bl R A
it BB T SR AR AL B S [0]. 3 BR TR R = (A A F)
2 11),2023,40(3):56-63.

HE Feifan, GAO Wengen, YU Yue. Research on the
composite energy storage control strategy optimization
of fuzzy

control-based photovoltaic micro-grid[J].

Journal of Chongqing Technology and Business
University (Natural Science Edition),2023,40(3):56-63.
2K FCEIT 5t % 20 KL I Y L ) FR G T RE R TR AR
(] 10 T Rb 2 5 HOR 22 40,2011,26(1):73-76+103.

LI Yudun, XIE Kaigui. Reliability assessment of power
systems containing multiple wind farms[J]. Journal of
Electric Power Science and Technology,2011,26(1): 73-
76+103.

T Bt 5 W LB AR L L PR AR IR D R A U1
REFRE R R R R B RS A,
2023,47(15):12-35.

TENG Xianliang, TAN Chao, CHANG Li,et al. Review
and prospect of research on active power and frequency
control in power system with high proportion of
renewable energy[J]. Automation of Electric Power
Systems,2023,47(15):12-35.

PRARA B IR E AR R T IR R AL S I 2 RE A
b AR G B A A A A SR [T]. HL T R 22 41,2022,
37(7):1768-1779.

LIANG Yudong, CHEN Luan, ZHANG Guozhou, et al.
Load frequency control strategy of hybrid power
generation system:a deep reinforcement learning—based
approach[J]. Transactions of China Electrotechnical
Society,2022,37(7):1768-1779.

bk TR IR T 2 SHOR I B R
TP B B Ak BE (3], B DU 5% $%,2022,59(3):174-180.
HAN Zhiyong, ZHANG Yuhua, LI Bing. Two-stage
optimal dispatching of CCHP virtual power plant based
on multi-scenario technology[J]. Electrical Measurement
& Instrumentation,2022,59(3):174-180.

PENG X,GAO G L,HU G G,et al.Research on inter-
regional renewable energy accommodation assessment
method based on time series production simulation[C]//
2019 IEEE Sustainable Power and Energy Conference
(iSPEC).Beijing,China.IEEE,2019:2031-2036.

A4 AR IR IR A T ) R R Y T A
RETRIC L B A7 R B2 [I]. i 1 R a4 5 #14,2022,50
(2):176-187.

ZHU Yanming,XU Xiaoyuan, YAN Zheng,et al.Prospect
of renewable energy integrated distribution network
operation in the power Internet of Things[J]. Power

System Protection and Control,2022,50(2):176-187.



5539 55 3 1) X1

I, 45 T VR Bl RAE B IR AT e HEAREAY Y ' IR I e D) AR LA 5T

215

(1]

[12]

[13]

[14]

[15]

[16]

[17]

o U O 0 TR O AR T T A e 6 A A i i XL
P 37 R A P BE TN 0], R B 2 S R 24 41,2022,37
(4):152-160.

YU Haifeng, HUANG lJingjie, JIANG Shiyao, et al. The
overall energy storage configuration of wind farms
considering the service life of electric energy storage[J].
Journal of Electric Power Science and Technology,2022,
37(4):152-160.

XAl Jo 4 Bt A SORE . 5 T BEAIL A 77 48 1) 35 R I TH 44
B8 71 PF A J7 2% [91. 1 H L TORR 2# 42, 2020,40(10):
3134-3144.

LIU Chun,QU Jixian,SHI Wenhui.Evaluating method of
ability of accommodating renewable energy based on
probabilistic production simulation[J].Proceedings of the
CSEE,2020,40(10):3134-3144.

Wi I 4% T i A5 R E T A RR IR AN A £ Ak
N B AT AR L R [T L F1#E15,2019,40(7):18-25.
CHEN Qichao, LI Hui, WANG Shuai, et al. Sequential
operation simulation technology for renewable energy
accommodation considering multi-energy complementarity
[J].Electric Power Construction,2019,40(7):18-25.

Mg A, E A2 A2 X X —t— MR & o R RY 2
&ML B 5 2 B (0], f8 1 R 4 A 3 16,2011,35(20):
13-19.

MEI Shengwei, WANG Yingying, LIU Feng. A game
theory based planning model and analysis for hybrid
power system with wind generators-photovoltaic panels-
storage batteries[J]. Automation of Electric Power
Systems,2011,35(20):13-19.

RGN, BHLJE G5 KOG K kA 2 g BAN R S
T H K e B AR B S it i A% B AT (3], K HLHE R ,2023,44
(3):407-416.

KANG Junjie,ZHAO Chunyang,ZHOU Guopeng, et al.
Research on development status and implementation
path of wind-solar-water-thermal-energy storage multi-
energy complementary demonstration project[J]. Power
Generation Technology,2023,44(3):407-416.

R BT R AR B TR Bl Y DX R H T R TR
28 22 LA 28 e BRI B6 (0] 4 25 97,2022,50(10):
95-101.

WANG Jili,XUE Fei, HUANG Yuxiong,et al. Data-driven
intelligent identification method of hindering factors for
renewable energy consumption in regional power grids
[J].Smart Power,2022,50(10):95-101.
BB P 0 LG R RE IR A R T R )
A R — 6 — it 25 & e A BC L [T R F7 7 15,2023,44(3):
138-147.

WEI Wei,FAN Yue,XIE Rui,et al.Optimal ratio of wind-
solar-storage capacity for

mitigating the power

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

fluctuations in power system with high penetration of
renewable energy power generation[J]. Electric Power
Construction,2023,44(3):138-147.

R FE, A ANV K R AR IR AR PO R R
545 b i 8 W0 R B 58 R DF (0], b L J3,2022,55(1):
2-12+83.

GU Chenjia, WANG Jianxue,LI Qingtao,et al. Review on
large-scale centralized energy storage planning under
centralized grid integration of renewable energy[J].
Electric Power,2022,55(1):2-12+83.

XI5 AR SCHE R T Bk Y e 9 AT RE A PR AR (0]
375 L VR R ,2018,35(3):11-13.

LIU Zhen, ZHENG Wencong. Reliability evaluation of
microgrid based on typical daily method[J]. Telecom
Power Technology,2018,35(3):11-13.

AR, EEYE B EE, SF HET O IR L W i AR TR
CEL I OO 9T T i IR R 4 R AIF S (D). PR 0 5 T TS RE TR,
2023,39(7):134-139+146.

SHI Rong, WANG Xueyan,LU Xin,et al. A study on the
load and storage coordination control of clean energy
Internet source network based on improved clustering
algorithm[J]. Power System and Clean Energy, 2023, 39
(7):134-139+146.

Ik S W 2 T N7 AR5 TG FCM R 2859 1 19 7
I BE R L R0 b7 SR HE D], B S I R R, 2019,35(4):
76-82.

YAO Jianfeng, LING Jing, QU Linan, et al. The
construction method of typical scenario set for
renewable energy based on improved FCM clustering
algorithm[J]. Power System and Clean Energy, 2019, 35
(4):76-82.

B SO Y 3 R 2 I W Y S A I 3% P Y
B [D].# &l ZR B R %:,2018.

JIA Ranran. Research on improved spectral clustering
algorithm and its application in logistics distribution[D].
Qingdao: Science and
Technology,2018.

S0 R T A A ALY R R R 2 A 5 B R Y
[D]. 75 274 4 #1 T K %,2019.

PENG Xu.Research on evaluation method of new energy

Shandong University of

absorption based on time series production simulation
[D].Xi’an:Xi’an University of Technology,2019.

JRE B2 Bl . kT I A 7 AR AL B bR AR BT AR TR T I R ¢
AR SE[D]. AL R AR AL B J7 27,2021,

XI Xingxuan. Research on the cost of new energy grid-
connected system in Jilin Province based on time series
production simulation[D]. Beijing: North China Electric
Power University,2021.

KT VF IR BT AR T AR R L T



216 B B % 5 R % 20244E5 H

Sr W KOE A AL BE L 52 (0], W R AR A S A g3 A A REIC B WSS [0]. i 1 R G4 5 5 ,2021,49
2014,42(19):81-86. (2):121-129.
ZHANG Jun, XU Xiaoyan, HUANG Yongning, et al. FANG Baomin, LI Hongzhi, KONG Xiangpeng, et al.
Optimal proportion study of wind and PV capacity in Research on long-term distributed energy storage
Ningxia power grid based on time sequence simulation configuration with a high proportion of photovoltaic
[J]. Power System Protection and Control,2014,42(19): output[J]. Power System Protection and Control,2021,49
81-86. (2):121-]29.

[26] 55 550 W B A LA 5E P T PTG XU 1 4 i [31] FRAZAZ R, 5 M 25 T S JR ] RAR Y A 56 AR
[ U 2 7 LR 0K 9 00, 4 R AR B 5 ARRSERI]. BITRE,2019,40(2):54-62.
2017,45(23):151-157 XU Shanshan,ZHU Junpeng,YUAN Yue,et al.Clustering
WU Guannan, ZHANG Mingli, XU Jianyuan, et al. Time and simulation of photovoltaic output adopting Markov

. . . . . model[J].Electric Power Construction,2019,40(2):54-62.
series production algorithm for evaluating wind power
. . . [32] LIY Z,NIU J C,LUAN R,et al.Research of multi-power
accommodation capacity[J]. Power System Protection
structure optimization for grid-connected photovoltaic
and Control,2017,45(23):151-157.
. o TN system based on Markov decision-making model[C]/
[27] K B 7K LI, 52 MR 55 35 T B LA 7 LG AL ystem making model[C]
e o International Conference on Electrical Machines and
Y75t I i i A4 a5 [J]. TP FR T,2013,46(8):74-79. .
Systems.Wuhan, China,2008:2607-2610.
ZHANG Bingliang, ZHANG Boyi, WU Yaowu, et al. An .
[33] LI'Y Z,LUAN R,NIU J C.Forecast of power generation
approach to evaluate the capacity benefits and energy . .
for grid-connected photovoltaic system based on grey
benefits of wind farms based on probabilistic product .
_ _ ) model and Markov chain[C]//2008 3rd IEEE Conference
simulation[J].Electric Power,2013,46(8):74-79. on Industrial Electronics and Applications. Singapore.
2y - 1H ey - 231 Ny B/ SN

[28] 5% CEHLID AL AT I A 5 0 4 A IEEE.2008:1729-1733.

S Sl L A7 P N NI >
PRty BRI, 1)) A £ 2020,41(3):47-53. 34 T W4T A3 T AR A Sk B R % H 5 S 20
ZHANG Jia’an, WANG Kunyue, CHEN Jian, et al. S B G B (0], R AR 2011,35(1):152-157.
Research on prediction of distributed photovoltaic output DING Ming, XU Ningzhou. A method to forecast short-
considering  spatial relevance[J]. Electric Power term output power of photovoltaic generation system
Construction,2020,41(3):47-53. based on Markov chain[J]. Power System Technology,

[29] KB H . & H R IR B T R G B BL A 7 R A S PR A 2011,35(1):152-157.

[D]. b5t A db iy Jy 42,2017, [35] ZHU C X,ZHANG Y, YAN Z, et al. A nested MCMC

[30]

ZHANG Zhiqin. Stochastic production simulation and
evaluation of power system with new energy sources[D].
Beijing:North China Electric Power University,2017.

TR R LD AL RENG S5 A LD AR 0 B )

method incorporated with  atmospheric process

decomposition for photovoltaic power simulation[J].
IEEE Transactions on Sustainable Energy, 2020, 11(4):
2972-2984.



