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Fig.1 Weather state transition model
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Fig.2 Power output curve of photovoltaic
generation in summer sunny weather
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Fig.3 Three kinds of typical summer load curve
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Fig.4 Rooted tree based on distribution network
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Fig.5 Connection diagram of RBTSBus6
distribution network with photovoltaic DG
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Tab.1 Load data
o SBE s A o U T R/ MW

1 2 Bk (=2%) 126 0.1308
1 5 JER (=) 132 0.0990
1 19 il (—2%) 78 0.0755
2 1,6 SRR (Z2) 147 0.1659
2 7,23 Rk (—2%) 1 0.1101
3 9,14,21 Tk (—=2%) 1 0.1205
3 3,13,17  Talb(—32%) 1 0.1040
3 418,20  TolL(=%) 1 0.1540
3 8,11,15 k(=) 79 0.1024
4 10,12,16,22 JHER(=%) 76 0.0505
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Tab.2 Photovoltaic DG installation capacity
and battery parameters

AR DG FRAW BHA (W h) LR

i /kW
14 250 150 50
15 150 90 30
16 100 60 20
20 270 180 60
21 230 120 40

HZH) 80%., 4 B2 h i AHE &g FER S
T R F BB Lk 40% , Tl s Eik 10%.,
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Tab.3 Reliability index of component
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Tab.4 Transfer rate between weathers

KA fi&s EAN 43 i3]
1) 0.681 0.264 0.065 0
EZS 0.321 0.393 0.286 0.030
3] 0.172 0.273 0.371 0.194
] 0 0.111 0.238 0.661
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Tab.5 Optimal islanding for different seasons
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Fig.6 Instantaneous output of power supply,load variation
and instantaneous capacity of storage cell
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Tab.6 Reliability index of island 1

) ERS %
I K5y Y = = pn
Jr % (34 Ex L0 I 2 L0 S 2 SRt
/% Hl/h /% Bl/h /% [k
HEFE 1196 1.0942 851 0.8796 3427 0.9589
KZHFE 003 1.2778 0.02 1.7500 0.06 13571
R7MB 2 HWEBEITAIREIRR
Tab.7 Reliability index of island 2
7 & Tk ES
MRS e -
g% WeRE S MRE SRRt R ZieT
R/ % [8]/h R/% [8]/h R /% 8]/
BEF% 1573 1.0008 1455 0.8687 42.51 0.8927
AFFE 312 09645 4.01 0.9320 6.48 1.0656
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Tab.8 Reliability index of system

SAIFl/ SAIDI/  CAIDl/ ENSI/
EIE Gy (e ey ASAVZ e
KIFEA DG 1.5249 4.2014 2.7553 0.9995 12.21050
RSy S 1.5615 3.5053 22448 0.9996 9.924 30
PSS 1.5398 3.5532 2.3076 0.9995 10.033 41
Sam NGRS 1.5442 3.4704 22474  0.9996 9.79200
A LAE L BR T MG R T SATFT 48, 61k DG
M 43 AN 28 Gt Ho Al o] S 48 AR 2 AN [R) R BE Y e

S MAE 3 PSR BARE T L ReNE 1
AR CAIDIT, {H 3 52 bR Je B 7% 7 £ 45 3 A
R AE P A5 L AR S ) TE] R R I IS L T, CAIDI
AT, 2% B P 45 H 0 R | X R FR AN AL 2R
B SRR T B 1 Y, A 27 4 AR B AR BBk
SAIFT, {H B T 9K & i [l /N DG 52w 1) 1 ff A BR
X Z g8 HAFE A5 0 el 15 0 2 25 T 05 80 2 Fhoy
B, GAKE TR BTREGEAT 2 MIur £k
BB 4 TR AR AR TS UE T 4% 2795 A 38 0 1
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Tab.9 Failure rate of some load points

HCRAE /(W -a)

R EDGC  AdE  HAKX B BAL KAk
A DG £ DG fk DG R DG

1 1.290 1.290 1.290 1.290 1.290

11 1.715 1.715 1.715 1715 1.715
14 1.955 1.981 2.057 2.076 2.005
18 1.955 1.997 1.955 1.955 1.955
19 1.935 1.978 2.151 2.136 1.935
20 1.935 2.021 2.154 2.137 2.056

F 10 #BH AT RKIE B FFER E

Tab.10 Interruption duration of some load points

(AL R/ (h- k)

R pe T HZAE B KA XAt
A e kpG  kpc kDG

1 1.2229 1.2229 1.2229 1.2229 1.2229

11 3.6458 3.6458 3.6458 3.6458 3.6458
14 2.3018 1.0430 1.6512 1.6060 1.4509
18 3.2059 1.9507 3.2059 3.2059 3.2059
19 3.2881 1.0361 1.9090 1.8147 3.2881
20 3.5234 1.3139 1.9629 1.8646 1.6361
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Sensitivity analysis and parameter extraction of photovoltaic cell model
TIAN Qi',ZHAO Zhengming' , HAN Xiaoyan®
(1. State Key Laboratory of Control and Simulation of Power System & Generation Equipment,
Department of Electrical Engineering, Tsinghua University, Beijing 100084, China;
2. Beijing BOE Energy Technology Co.,Ltd.,Beijing 100015, China)

Abstract: The parameter sensitivity of photovoltaic cell is analyzed under short circuit and open circuit
conditions to determine the influence of its basic parameters on its electric characteristics. Software MAPLE
is applied to quantitatively calculate the influence of irradiation,temperature and model parameters on the
electric characteristics of photovoltaic module by analyzing the local parameter gradient of particular
parameter. The parameters of DC model are extracted for five types of photovoltaic module :mono-crystalline
silicon, poly-silicon photovoltaic module and CIGS. Five most influencing parameters are selected in the
photovoltaic module modeling and the experimental results demonstrate the high accuracy of the designed
model.

Key words: photovoltaic cells; sensitivity analysis; parameter extraction; models
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Reliability evaluation for distribution system considering
supplying ability of photovoltaic DG
WU Yan'?,LIU Junyong'?,XIANG Yue'?,LIU Youbo'?,YANG Jiashi’, WANG Zhuo®
(1. School of Electrical Engineering and Information,Sichuan University ,Chengdu 610065, China;
2. Sichuan Smart Grid Key Laboratory,Sichuan University , Chengdu 610065, China;
3. Sichuan Electric Power Company,Chengdu 610061 ,China)
Abstract: The power output model of photovoltaic DG affected by weather and time is established and the
supporting ability of islanded DG to load is analyzed. An optimal scheme of distribution network islanding
is proposed according to the influencing factors of islanded system reliability. The traditional minimal path
method is improved for calculating the reliability index of distribution network containing photovoltaic DG.
Case analysis verifies that,photovoltaic DG improves the reliability of distribution network and the
improvement degree varies with the season. An optimal scheme of island operation is proposed,which
adjusts the island range according to the season. Case results verify that,the efficiency of photovoltaic DG
is fully utilized and the reliability of distribution network is enhanced.
Key words: photovoltaic power generation; distributed power generation; island; distribution network;

reliability; seasonal characteristic
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