$£38% FH
2018 £ 8 A

€ ) B #H & B

Electric Power Automation Equipment

Vol.38 No.8
Aug. 2018 @

He T AIDII BE % 0 Ik Be e 4K HA O e 301wl

?%i, :[i:\

B, X RAE, EF %

(v HKF HHBELHZLABARELER T, K£E 071003)

FEE AT L AFRAEER S KA E KR AR F TR A 74 B A0 198, 42k — AP & A T A R e
SFHRATHSBARE ARG E, E o FEET 4 BAYE W &4 A Fa a0 B BTG i & 3 4 B
B 22 W S AL R AF Sy AR AL BT B 3 i B AR OLE R A B B9 AN L . 4 B BT 2 W AR AL R R AR B ) I S B AR
KT TR AL AL BEAT DN 45, R R L AR BT BOAY 2 P A BEAT TR BT B L AR HIE R L, SR AREMN T AT

Skt 1 8 S5 TR BAE T B4R 5 sk 09 A RO

KRR AR B A TR 5 o B BUTROR 5 AR LB B AR 2 ) 2%
MERFRIRAS . A

hESES . TM 761;TM 615

0 51§

VTAEK WA BRI Se LRI PR EE 15 JL i i), 7T 15
AREIRAOME A2 T EZ B, LR A B E &M
HARIR T K L 2 J TR BE R K HL B G A, 48
4tit,2000—2008 A2 BROCIR A LI ) AR AR I
HIRF) 35.6 %, 2010 AFFREDER K HLE LN 10
GW, 2011 4FF [ g 555 DU RSB AR T 5, 16 22 i
REVEAGHLFNRE AR BRI 75 G 1 [ i, G ARIF 19 2% v 3%
GEH 7 B ARG E M2 I F O L 90 B0 R R R
FRBRAEAFISE 0 2 B, S AR H 8 At S0 o
P e o R P R M A IR

TR A 2 A o DGR T H AR 7 v
DAV B0 T A R SRR A AR R AR
Z RV RNE B, HAS ] B 5 3R AR
JGAR AT AR, SCHR 5-7 1§21 Tl A 4%
AT RL IR BB AR AL H A S BRI R A Y T
2, 0GR AT BTN AR Tl I Sk A
N2 AR FHORS i BE B3y (HL SR O S e i o
SGHE R TR Ak g sk AR e IR L, SC
BR8] 41t ) FHARRL F, il A8 b XU, 37 B 52 s ) 4
HIJTEE . SCER[9 42 T —Fhid T/ VA 1 A1) H]
DCHERUZ A 25 9 2% R A7 B 20 Sl AR Je 390 000 114 07 92
P22 ) 265 R T AR Y AR PR 2= 2T RE )iz
TR, SCHR [ 10-13 ] FT g o0 Rt e <7 o
2o RTINS SEAR o HEAT T, P SOk [ 13 ] 42
T RACRBIR B & BRI R R R
IR S AR R ACRBERDGAR 152 0 ) R e A 4
B, ORI FH I st T 5 e Sy i 2 P 2 AR 0 e
B ZOR B . ELLAF A28 O 28 A A 1 DAy R A )
e H #3:2018-01-03 ;f&[E B #1:2018-05-15
BELWH: . TE o RAF AL 83 A (E2017502053) ;
ok B AR A A AL 4% £ A4 F 81 A (2017MS104)
Project supported by the Natural Science Foundation of Hebei
Province ( E2017502053) and the Fundamental Research Funds
for the Central Universities(2017MS104)

DOI:10.16081/j.i1ssn.1006-6047.2018.08.026

AR H 5 TR AS R SE 2 S W 1 i sl SCRik [ 14 ]
PRI T — P o T SRR AE X IR AT
5 AR R TN T & 28 B % etk g 3R AT T
MR B E A AR, Z2HCCHR IR A&
TR 53, SCRRT 15 ] K N T4 28 ) 28 455 70 147 B
TREEA, SCHRT 16 ] WUAE TR0 B9 AS [R) B Be 4 T H 41
LIS (SOM ) A1 32 R ] & 1] 5 ( SVR) &6 5 7, iX Fp
Tk E 2,

AR S X B G AR vl ] Rk s R S 4R
FEAZE BRG], 38— A ABL R B 077 16 A1 43
Ao B 28 28 AH 2855 25 Tl k. R R]— X
AL HL s 7 58 B R YT SRR R AR 7R R RS
AR st B, 38 1k A5 B0 T A R AR st B
TIVE A B UM 5 76 R A B4 K I8t sh A sf B
TEHL> it BRI 22 W 4 TN 25 51, £ 4 TN 9 Al AR
b DT s R BE TS DL T E T 2R R AR A,
LTI A R, PN e e A T

1 HEMLRT B T i

XFFROCAR T, HRGHCR DGR it
SIHES SEH I [ 5 1, SEBRGAR o 3 2 32 3 K FH
iR EESREEER W, X F A F H
(AR RIS 2], 5 TR 28 AR A 1 10 OB AR 0 L
FARKRAFARIE, e HA BRI DT s LB S
BT, 435 SR B AL s B8 5 15 325 Sf ) ' AR +h
F1o SCHRLS AR T — R R G 5 4 Sk 40 4 1)
VT AR BLISE B B 7 , 43 BB A% T8 KA A 505 R
ER L2 BIRB RN H SR 47 T, 25 58 an i
1 s,

M T AT LR RS AR T, AH LA
B I E AT DAAR JORE B a3 SEBm i A, 00 &R
WUt

SCHR[5-77 rh e B i ) R AR LB B sl AL H A
ARYN MY (4 )7, IR E R E e "%
B K 0 B TG TR A AR Lk DR ST



@ & 0 8 % w it %

EIRLE

etk /kw

—— MU BE i 77, FEWUN A S2BR

B 1 FAEXSERHTNLER
Fig.1 Forecasting results for different weather types
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Fig.2 Forecasting results of similar period on Oct. 25,2016
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Table 1 Index of weather types for different periods
N~ KK
P 1] Be [EPN ESN EES BES
09:00—10:00 [0.66,0.67] [0.62,0.64] [0.34,0.35] [0.01,0.02]
10:00—11:00 [0.85,0.87] [0.77,0.78] [0.41,0.43] [0.02,0.04]

[ ]
[ ]
11:00—12:00 [0.95,0.97] [0.82,0.83] [0.44,0.46] [ 0.03,0.04]
12:00—13:00 [0.98,1.00] [0.83,0.84] [0.45,0.46] [0.12,0.13]
[ ]
[ ]
[ ]
[

13:00—14:00 [0.96,0.98] [0.89,0.907 [0.51,0.53] [0.17,0.18]
14:00—15:00 [0.86,0.887] [0.81,0.82] [0.44,0.45] [0.10,0.11]
15:00—16:00 [0.70,0.71] [0.60,0.617 [0.32,0.33] [0.04,0.05]
16:00—17:00 [0.36,0.38] [0.38,0.397 [0.17,0.18] [0.01,0.03]
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Fig.3 Comparison of PV output between integral points
and 15 min interval points
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Fig.4 Structure of BP neural network
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Table 2 Meanings of input and output nodes
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Fig.5 Comparison of results between piecewise
neural networks and similar period
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Fig.6 Flowchart of comprehensive forecasting method
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Fig.7 Comparison of forecasting results on Oct. 11
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Table 3 Predictive error analysis between similar period
and comprehensive forecasting method
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Fig.8 Comparison of forecasting results on Sept. 9
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Table 4 Predictive error analysis on Sept. 9

kW
g HrRE NN
i I B LR ARIEL ZRG T
9H9H 0.865 0.437 2.79 1.46

i bl AR, o3 I Be2r & T i
SRR g ¥ B O T, X Bl R AT R 25 4K
/N AR E— B KA A AR R R 22, T2
AR SCIR B B U ZRREAS 2 R ATH IR 5, I
TTS ARG

4 28

BRI A Ll A D B P s R 1
O, ARSCHR T — b i B FH AR fB) I B 7 12 12 A
M2 28 Ik AR 25 B3, il DLSR Kb 2 BT 3k
AU R 8 T/ VR RN 2 B R AR BN T B9
T, X AR T 0 ik Bl LI ASCH 5 ofE A ST
HLE R AR 2, Y AR AR 28 B B 0 i 32 07 3 B
K BE AT LA B ik — 20 i 5w, 3 7 3k 0 R A
mr,

a. PRRAT M BOLIR I 122 A K, /]
AR AL, BE R 7 41 D T 45 2R | i 75 1] 2k ELKS
B BE R R o AR AR B BRI I B, FHAUREAS 119
R = 22 T B BA N BT L 2 PN 45 2R A2

b. It B2 28 5 ORI g B S T K X
M2 28 AR R AT I 2, 8 SO AB) R vl g s 5l 7
FEREAR AR PR TRADR B 20Tk 20
i B 22 I 208 1 TR 20 45 T K, 2B ARt T A 8 Bl A
RIAARGF B FUINRCR

c. I BeLr G U vA AR B TR Bk B it 16 95 fiE
A R AR Hh 7 R B s B B TR
F14 5 Bl W 2 728 A R /DN B T RS 2 A e o — 2P
=Tt

W S LA ) B 2608 (http ; // www.epae.cn)
S 3k

[ 1] 30K, whIRSS  INSE . SR A LI I B AR G RO R S Bk 5
JEE[)]. BUCHRTT,2013,30(1) : 1-7.
AI Xin,HAN Xiaonan, SUN Yingyun. The development status and
prospect of grid-connected photovoltaic generation and its related
technologies[ J]. Modern Electric Power,2013,30(1) :1-7.

[ 2] 2B% &, B0, 08, 5. JBRIRBUIE AR [)]. A RSEH
Fik,2016,40(4) :140-151.
GONG Yingfei, LU Zongxiang, QIAO Ying, et al. An overview of
photovoltaic energy system output forecasting technology[ J]. Auto-
mation of Electric Power Systems,2016,40(4) :140-151.

[ 3] 4. SBRIFI L i RS HL AR BT AT 5421 [ D], dbat:
fedbr R, 2016.
NIU Haibin. Photovoltaic grid-connected generation system power

quality analysis and control of power system [ D ]. Beijing; North

China Electric Power University,2016.

[ 4 ] ANTONANZAS J,0SORIO N,ESCOBAR R, et al. Review of photo-
voltaic power forecasting[ J]. Solar Energy,2016,136.78-111.

[ 5] sk, SO HLRR B RGE M BB D], Jbat. 4
HLAIR#% ,2015.

ZHANG Huabin. Research on power output forecasting of photovol-
taic generation system in microgrid[ D ]. Beijing: North China Elec-
tric Power University ,2015.

[ 61 FFE, X, X7, BT AR B EAR o MES oA il 37 ik
[J]. HMHEER ,2017,41(2) :449-454.

CHENG Ze,LIU Chong,LIU Li. A method of probabilistic distribu-
tion estimation of PV generation based on similar time of day[J].
Power System Technology,2017,41(2) :449-454.

[ 7] W, PSR, TLRAR , A6, ST AL H A1 CAPSO-SNN (¥ 1R %
R AT T]. ) Ak, 2017,37(3) :66-71.

CHEN Tong,SUN Guogiang, WEI Zhinong, et al. Photovoltaic power
generation forecasting based on similar day and CA-PSO-SNN[J].
Electric Power Automation Equipment,2017,37(3) :66-71.

[ 81 ARAEZE, IR BT, 45, IR S i 2 3 e i 5 iR ) 5 o
MIFEBRIE)]. U RGP S 1], 2015,43(3) :38-45.
ZHU Qianwen, YE Lin,ZHAO Yongning, et al. Method for elimina-
tion and reconstruction of abnormal power data in wind farms[ J].
Power System Protection and Control ,2015,43(3) :38-45.

[ 9] skRERE, BHER 2K 4. 18 T /IVREAR 119 T 22 0 24 Sl AR 15

WIrk[J]. M) A3k #,2017,37(1) :101-106.
ZHANG Chengyi, TANG Yajie, LI Yongjie, et al. Photovaltaic power
forecast based on neural network with a small number of samples
[J]. Electric Power Automation Equipment,2017,37 (1) 101-
106.

[10] BREMS, Beg i, Bk Ze 5. J T b 20 00 25 1 G IR 1 ) & v 35
BRI BT T]. L THOREH,2009,24(9) :153-158.
CHEN Changsong, DUAN Shanxu, YIN Jinjun,et al. Design of pho-
tovoltaic array power forecasting model based on neutral network
[J]. Transactions of China Electrotechnical Society,2009,24(9) ;
153-158.

[11] THI, & Mgl BT BP #i 2 W45 iR & v R e i

DB [ J]. ) RGO 51, 2012,40(11)
93-99.
DING Ming, WANG Lei, BI Rui. A short-term prediction model to
forecast output power of photovoltaic system based on improved BP
neural network[ J]. Power System Protection and Control,2012,40
(11):93-99.

[12] LEVA S,DOLARA A, GRIMACCIA F, et al. Analysis and vali-
dation of 24 hours ahead neural network forecasting of photovoltaic
output power[ J]. Mathematics and Computers in Simulation,2017,
131.88-100.

[13] ZWEFe R RNE. T LRI EDL IR A s

JIEMMLI]. P EBALT YR ,2013,33(34) :57-64.

YUAN Xiaoling,SHI Junhua,XU Jieyan. Short-term power forecas-

ting for photovoltaic generation considering weather type index[ J].

Proceedings of the CSEE,2013,33(34) .57-64.

ZRAR XK. BE T 4145 1 5 S A [l P R 25 19 2% 1) DI AR T

[1]. B B3k ,2016,36(7) :41-46.

LI Le, LIU Tiangi. PV power forecasting based on AP-ESN[J].

Electric Power Automation Equipment,2016,36(7) :41-46.

[15] YANG Hongtzer, HUANG Chaoming, HUANG Yannchang,et al. A
weather-based hybrid method for 1-day ahead hourly forecasting of

[14

[

PV power output[ J ]. IEEE Transactions on Sustainable Energy,



& & 0 8 % w it %

EIRLE

2014,5(3) :917-926.

[16] DOLARA A,LEVA S,MUSSETTA M, et al. PV hourly day-ahead
power forecasting in a micro grid context[ C] // International Confe-
rence on Environment and Electrical Engineering. Florence, Italy :
1IEEE,2016:1-5.

[17] TAE BRT WA, 5. B R AURIZS AR SCHE BB AR B vl
HIPRERTTIL[1]. IR ,2017,41(7) :2229-2236.

7 ) A ARk FF B B K (E-mail ; ljw_ncepu@
163.com) ;

BB (1995—) , B, 7T e HR IR AL, 51
TR AE, R AALKRTAN L &
#& R & %7 (E-mail ; xtyjhxt@foxmail.com ) ;

X R AE (1996—) , %, 7T é d FB A, Al

FRL . ymg A AR @ A KT (E-mail,
liufengwu_wu@163.com) ;

EFEZE(1992—), %, T F%EAN MEHTE FRF
) A AR TR 5 5+ M & JE 45 4 (E-mail ; wangxueying_xue @
163.com) .

YU Ruoying, CHEN Ning, MIAO Miao, et al. A repair method for
PV power station output data considering weather and spatial corre-

lations[ J]. Power System Technology,2017,41(7) ;2229-2236.

fEERE A
FATL(1983—) , %, TRRZA, HHIF, H+, 27

Short-time segmented photovoltaic output forecasting based on similar period
LI Jianwen,JIAO Heng,LIU Fengwu, WANG Xueying
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University , Baoding 071003, China)
Abstract ; Aiming at the problem of low forecasting accuracy of photovoltaic output with inadequate historical meteo-
rological data and severe weather fluctuations,a comprehensive segmented forecasting method suitable for small sam-
ple and various weather conditions is proposed , which combines the segmented neural network model and the similar
period screening method. The segmented neural network model is used as a supplement to the similar period scree-
ning method when the similarity is not enough,which uses the historical photovoltaic output data to train the forecas-
ting model. The near-similar period neural network is adopted for forecasting, getting rid of the constraints of histori-
cal meteorological data. The effectiveness of the proposed method is verified by the training and prediction of photo-
voltaic output under various weather conditions.
Key words : photovoltaic output forecasting ; segmented forecasting ; similar period ; neural network
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Optimal capacity configuration and operation strategy of hybrid energy
storage considering uncertainty of wind power
CHEN Houhe , DU Huanhuan,ZHANG Rufeng, JIANG Tao, LI Xue

(School of Electrical Engineering, Northeast Electric Power University, Jilin 132012, China)
Abstract ; Considering the uncertainty of wind power,a method for determining the capacity of HESS( Hybrid Energy
Storage System) is proposed based on spectrum analysis, which makes full use of the complementary advantages of
supercapacitor and battery storage, on this basis, the optimal operation strategy of energy storage is proposed. The
DFT( Discrete Fourier Transform) is used to decompose the unbalanced wind power to obtain the frequency domain
information ,and the HESS is used to suppress the unbalanced power. An optimal determination method of cutoff fre-
quency is proposed,and the capacity of the storage battery and super capacitor in HESS is determined. On this ba-
sis , the operation strategy model of energy storage based on the opportunity constrained planning is built, which takes
the maximum profit as its objective,and the genetic algorithm integrated with Monte Carlo method is used to deter-
mine the optimal operation strategy. The validity of the proposed model and method is verified by the analysis of ac-
tual data.
Key words : spectrum analysis;hybrid energy storage system;chance constrained programming;operation strategy of

energy storage ;optimal configuration
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Fig.Al Flowchart of piecewise neural network forecasting method
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Fig.A2 Comparison of forecasting results among other weather conditions
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Table Al Predictive error analysis between similar period and
comprehensive forecasting method

HHERE BRARITHEE
A
BEEE SEemIZE AR SemE
10A4H 0.133 0.096 0.28 0.22
10 A 14 R 0.398 0.206 1.27 1.22

10 A 15 B 0.285 0.127 0.78 0.37
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