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Fig.1 Typical characteristics of wind power
output for different scenarios
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Fig.2 Scenarios of photovoltaic power output
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Fig.3 Scenarios of system load
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Fig.4 Coupled photovoltaic and wind power
output of scenario 3
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Fig.5 Comparison between actual and predicted

values for wind and photovoltaic and coupled
power outputs
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Tab.1 Probability distribution of wind and

photovoltaic power scenarios

et B M
2 3 4
o 233% 1.10% 1.67 % 1.800 %
1 2 130% 0.95% 1.80% 0.924 %
® 1.50% 0.75% 1.73% 0.840 %
%4 093% 1.73% 1.67% 0.960 %
# o 0.80% 1.84 % 0.73 % 1.520%
) 2 091% 0.73% 1.84% 0.960%
®  0.70% 0.96 % 1.04% 0.970 %
%4 093% 1.71% 0.96 % 1.850%
o 1.03% 0.96 % 1.67 % 1.780%
3 2 083% 1.85% 1.01 % 2.240%
®  095% 0.86 % 2.13% 0.940 %
2 0.63% 0.93% 1.87 % 0.560 %
o 1.80% 0.94 % 1.23% 0.520 %
4 2 191% 0.93% 2.14% 1.060 %
% 1.17% 1.24% 0.98 % 1.120%
%4 133% 1.75% 2.36% 0.950 %
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Tab.2 Coupling degree of wind and
photovoltaic power outputs
St b5 MHL Y 5
2 3 4
1 4933% 1733% 16.00%  13.33%
2 6133% 30.67% 3730% 29.33%
3 38.67%  48.00% 4130%  46.67%
4 48.00%  24.00% 24.00%  34.67%
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Tab.3 Load-following degree
et ML
1 2 3 4
1 10.33% 9.23% 10.2% 8.43 %
2 6.53% 9.67 % 7.30% 9.73%
3 13.00 % 8.00% 6.30% 6.67%
4 8.00% 4.80% 6.70 % 4.67%

ZEiRF] 46.3% ,JEHLIG TN R 2235 8] 49.1 %, F
A G TR O HEA TR A AR B RO A R T B
552 pr AT L A B A R O TR 22 1k F
T 33.3 %, Lb s XUAS 0 iR 25 1% 13 %, L Rl
HL T 5% 25118 15.8 %

IR B I 1 7 R S BB AT RN U /S T 0 15
ZEAE B 2 gt KOG H G I B A A 2R 40 1 fE TR
oA ik 2 BB Y

5 #it

G191 SR FH 2% 11X 552 o 0 3 000, A A=A AR AL
DX A 3l e () P AF 5 AN [ ot DX e B R A —
E RS HEPE | e rp R T B 7 12 R E5 18 24 B8 B i 3 1o
FHEN 3B RO R B RE-& BE | 57077 BB T A SR A
FEHE AT KOG g S R R T4 4% A R
P 75 ik AT SR I R O 6 R G G AT

s BRI DR R 3 AT A, a0 B
V) ) 0 A 4 M X 2R 4 A 1 B B R AR g T 4R
% L LIRS .

a. WOCH B A — 2 B A R, b ik shie
FlA — & A, RS A %A E 61.33%),
S R A BE A R U0/ T B sl RNl
papuEs 2 LR S B WSRUI A TP

b. KOG R %6 8 G 1 o B B B A L B
RENS IR B 12.2%, 5 G H IS B 4 36.5 % , AT
G5 g b A A0 XU A T v RE TR RN &R G G A
HFHRE RGBT ELT EE,

c. WOGA B HE 7 W00 (A A, B s xe 6
T R GE 4 TR KA R T AR G KOk
FRETR LAk RGEREIRSE M

T 53 M B R A LB AR A e B KO R
AR R TR IR Ve 75 SR VAR5
AT TR B R AR B T KOG A R T B RS A
A X A7 A 0 52 WAL AT A KU B KD 2R G5 Y AT 9 4
BT —E ISR S

SE .

(1] M BIDE VE T B0 A5, HA i XU s R o BT (T, i)
8 H 116 ,2010,34(17) :64-67.
XIAO Chuangying, WANG Ningho,ZHI Jing,et al. Power cha-
racteristics of Jiuquan wind power base[J]. Automation of Elec-
tric Power Systems,2010,34(17):64-67.
Sh/NEE RE AR UK A KU HR T S ARG AR G I I B )
[J]. *FEMET,2010,43(6):26-29.
HAN Xiaoqi,SONG Xuankun,LI Chill,et al. Study of impact of
wind power variable output on frequency regulation[J]. Electric
Power,2010,43(6) :26-29.
(3] Kk, &R, Tk, 55, ek ool If WO ) ar SE vk 9 =2 e 7]
1E7R . 77,2010,38(5) : 700-706.
ZHANG Yi,LU Guoqi,ZHANG Yan,et al. Influence of grid

[\
[}

connection of photovoltaic power station on power grid reliability
[J]. East China Electric Power,2010,38(5):700-706.

(4] INIK 52 A 0% | m e | 4. B AR e S BH B 3 g 43 A v 1 1oz
JHWFFE )], P53 T RR IR, 2012,28(8) : 73-76.

SUN Chuanyong,PENG Youbing, GAO Yuanyuan,et al. Applica-
tion of numerical model in solar energy[J]. Power System and
Clean Energy,2012,28(8):73-76.

[5] RAZALI N M M,HASHIM A H. Backward reduction application
for minimizing wind power scenarios in stochastic programming
[C]//Power Engineering and Optimization Conference. Shal Alam,
Malaysia: PEOCO,2010:430-434.

[6] GROWE-KUSKA N,HEITSCH H,ROMISCH W. Scenario reduc-
tion and scenario tree construction for power management pro-
blems [ C] // Power Tech Conference Proceedings.Bologna , Italy :
IEEE,2003.7-13.

(7] WR¥E, =3CHE akAa W] 55, kT 223 55 HOR 1 A7 J5UC g, ) AT 4 1
VA L)), P RPL T A4, 2012,32(34) :67-73.

CHEN Can,WU Wenchuan,ZHANG Boming,et al. An active

distribution system reliability evaluation method based on multi-



® ® 0 8 & iR B

F34%

ple scenarios technique[J]. Proceeding of the CSEE,2012,32
(34):67-73.
(8] mbtih. MIJr kM REMBGT BS54 (M. LAt 8T Tk
th A ,2010:90-94,183-187.
[9] ¥AT Wik, ABAL7 45 JET H G0 Ik 04 67T 23 26 R 4 A6
[J]. ARG A 31k,2006,30(16) :6-9.
JU Ping,CHEN Qian,XIONG Chuanping,et al. Load clustering
and synthetic modeling based on daily load curves[J]. Automa-
tion of Electric Power Systems,2006,30(16):6-9.
[10] J54kF IR A, KOG S A 30l S7 % vl 28 S8 0 8 B 1 BT .
HLI 2R, 2007,31(22) :75-79
LU Jiping,BAI Shuhua. Modeling and simulation of conjoint
independent power generation system consisting of power ge-
neration by wind energy,solar energy and hydrogen energy[]].
Power System Technology,2007,31(22):75-79.
BT 7 SO IMIRAR, TR ARG RE AR G0 T T R 4 £ FLBIE Y
[J]. mAORGERS 56 ,2011,39(9) :83-87.
HUANG Yuqi,FANG Binyi,SUN Jinfeng. Simulation research
on the microgrid with flywheel energy storage system[]]. Power
System Protection and Control,2011,39(9) :83-87.
LEE D J,WANG Li. Small-signal stability analysis of an au-

tonomous hybrid renewable energy power generation/energy

[11

[

[12

[

storage system part I:time-domain simulations[J]. IEEE Journals
& Magazines,2008,23(1):311-320.

SRR LA A A R RO AN R R G AL
BATRRERTSE)]. RIMEAR 12012,36(1):65-71.

CAI Guowei,KONG Lingguo,YANG Deyou,et al. Research on

modelling and operation characteristics analysis of large-scale

[13

[

wind & light complementary electricity-generating system [J ].

Power System Technology,2012,36(1):65-71.

Qe ZARHEAR BUR. SRR BRI & K L R SIS AT AR R il

S]], BT A Sh ki ,2011,31(8):20-23.

LIANG Liang,LI Jianlin,HUI Dong. Operating modes of photo-

voltaic/energy-storage hybrid system and its control strategy[J].

Electric Power Automation Equipment,2011,31(8):20-23.

[15] ZHENG Kuan,ZHANG Jianhua,LIU Wenxia. Distribution net-
work reliability considering complementary distribution genera-

tion with wind and photovoltaic powel‘s[C}//ZOlO 5th Interna-

—
—
=~

Pt

tional Conference on Critical Infrastructure, CRIS. Beijing,China:

[s.n.],2010:1-5.

XISERE T AH, UG 0, 55T OO 18 0 A6 X RO B RN R
ARG MPPT #0110, W RGP 541 ,2011,39(15).70-75.
LIU Liqun,WANG Zhixin,GU Linfeng. MPPT control based on

improved fuzzy method for distributed hybrid wind-solar power

[
=)}
[t}

generating systems[J]. Power System Protection and Control ,
2011,39(15):70-75.

SRR T P RORE AL R T KOG LR B R R S A A S 4
H[J]. ARG 5 ,2010,38(21):104-108.

GUO Tianyong,ZHAO Gengshen,ZHAO Yao,et al. Modeling
and simulation of microgrid system based on wind-solar hybrid
[J]. Power System Protection and Control,2010,38(21):104-108.
JE U AR AR bR o [ AE AR T el XU P 0 O L B R A
TEWERE 1 43T [) ). ) B Sk 4% ,2013,33(4) :30-34.

LONG Hongyu,XU Ruilin,HE Guojun,et al. Analysis of peak-

load regulation capability based on combined dispatch of wind

o,
Q

[18

power and thermal power[J]. Electric Power Automation Equip-
ment,2013,33(4):30-34.

R AE  HUTT 35 AR, BE T 2 SO ) AL A 114 1) IR, 2
M1, A S kB ,2013,33(7) :34-38.

LING Wuneng, HANG Naishan,LI Rugqi. Short-term wind power
forecasting based on cloud SVM model[]]. Electric Power Auto-
mation Equipment,2013,33(7):34-38.

[19

[}

% R(1987-), % MR T A AL,

M & B T AF (E-mail ; goodgob@qq.com) ;
— R B (1959-), 4 #1585 & K FA
HEMERARLEFH TENFELA LA

&) GA BB F PR L RGBT LT

VA I @ ) B 5 A0 4 % T4 (E-mail ; cqidx@163.
com) ;

¥ K E— 0 (1977-), B 3 kb B A 8l A

AR, AFRRACHR K EALEL R £ AR,

T EA(1987-), 5 , Wl ;- s A At NFa R T,

X BAE(1989-) , %, T &4 § A IR A F & W 547
¥ IAE,

Characteristics of wind-photovoltaic power output coupling
based on scenario classification
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Abstract: Based on the data mining technology,the actual wind and photovoltaic power outputs of rich-
regions are classified by different scenario data
Based on the classified , the
complementary wind and photovoltaic power outputs are analyzed. The mechanism of the coupled power

resource classification methods according to their

characteristics. typical scenario data coupling characteristics of the
output following the system load and the improvement of power output prediction precision are researched,
and a method is proposed to calculate the coupling degree and load-following degree. Research shows that,
the complementary coupling of wind and photovoltaic power outputs reduces the fluctuation of total power
output in a certain degree,its load-following degree reaches 12.2% and its prediction error is less than that
of either wind or photovoltaic power output prediction.

Key words: scenario classification method; wind power; photovoltaic power; synthetic power; coupling

characteristics; load-following degree; errors; forecasting



