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Capacity sizing optimal for grid-connected micro-grid based on sensitivity analysis

LI Xianshan"2, FANG Jing', GUO Shishu?, LU Lun', FAN Yumeng', YI Ming', ZHANG Jinwei'
(1. Hubei Provincial Collaborative Innovation Center for New Energy Micro-Grid Three Gorges University,
Yichang 443002, China; 2. Operation and Control of Cascade Hydropower Stations of Hubei
Provincial Key Laboratory, Yichang 443002, China)

Abstract: The micro-grid optimization design is a kind of whole life cycle multi-objective optimization problem. It is not
only to find the optimal scheme from a variety of allocation schemes, but also to study the whole life cycle adaptability of
the optimization scheme. In this paper, the micro-grid capacity optimization allocation based on sensitivity analysis is
proposed. According to the characteristics of natural resources in the area where the micro-grid is to be built, a variety of
micro-grid candidate allocation schemes are established. The function between the optimization goal and some key factors
is established by fitting method, and the sensitivity of key factors to optimization goal is calculated. By sensitivity
analysis, the effect of the key factors change on the optimization result is estimated, and the best optimal allocation
scheme of the whole life cycle adaptability of the micro-grid is designed. This method is validated by using the
optimization design of a micro-grid demonstration project.

This work is supported by National Natural Science Foundation of China (No. 51277110) and Key Project of Natural
Science Foundation of Hubei Province (No. 2016CFA097).
Key words: micro-grid; capacity sizing; sensitivity analysis; optimal; allocation scheme

0 3l

PR R R GTR AT FENE . ABEIE L AR AR
e HL AL BIFEAR o e 7870 R A Sk v T e Ak
MBI RO A B AR BEUE AT 1 5 BEC B B
e bt OB, K212 HARLL, 2Rt
¥ B T B ZEORTE (1 1)

HETH: BRXAAFRFALTRE T8 (51277110); #4dks
B RAL R AT X F LA K8 (2016CFA097)

W5 SRR R E T v Has, Bl
PEACH AR Seb MBS H AR st ftdin)
FEME. MRIE. RAeRGENESE, BFEN A LA
AL HAR 2150, T, ol M E & 2T 2
FECE T E M2 A st se. Bar, M
AP IC BT 32 A R 2 B — Py
FMPEAL, X1 I R 2 R E T S DL BT
FED

NRA Yl i o P — Py S A T, B
TR ISR SCHRLTER AR Hh XD e it TR 5 v



H T RS I 9 B el o 2 AL -9 -

FRMARCE, IS SR B i
BRI, SR ot 4 B B BRI UF R AT R
P SCHR21E 0T ) A [ A 4 S I B e T
— R 2 bkl PR S, LRGSR AN H
P bR B2 FE AT AL 1) S af 5 RRLHE I SCHR[31)
FAAR A I e 2 P AT A S el A i X v AR o) il 2
BN RIATRALECE s SCHR[A1EE A0 I A
icE T, EHAEEEINEE R B fEEe
RG—ITA AL, A WS st KAk SCHR[S]
P R EEAE 2L TN R4 AL I BIF ST, Bk
LA St R G 0] izt 1 Xt v ) T S
iz NSGA-I LS F LA AL & 7 AT 3L
HR (6170 I 2% i A8 2 VSR SR At ok v 1) 8- 1) e
MBCE T %, JFWAE T 7 RIAHEM; STR(71% 8
RO HAMC B ZR G0 I RS E AR SOk
[8-91 ] Homer #KAF Xl v W9 H 11 47 f 153 A 2
PR A T AR, 15 2905 29 R A PR IR S G B 7 56
BT 8T AR R R 2, B0 A R X
FEEMEE ;s SCER[10]H N R BR 2T HOIMACRES 5))
SR R A FL I HR i 2 A AT AR
By SCER[1ERNT KOG 486 Bl X 25 A AL i
J5 g, A M R A B A IR AR B T
B SCHR[12-13]0F9% 7 307 ] FEAE REJRUR LR 4L
(75 AL E

T H I 22 R G 7 E AT T, SCRR[14]08 R
P H 110 43 A =X LR [ BN A A 22 RE EL AN ) 2 PP L T
E S uBuNE iSRS QP NE L W W
e BT A B A B I IC T %5 SRR 1S EAH ]
(s L I DA TR R, b KO« RO E
Jefifde. WAESe. KOGSEAEIX 5 AL E 7 ZEAEAH ]
ZAE RO BT A, AR T R

T L 7 S A USRI S 5 T, SCRHR[16]
P XSEAE D TR R S A i,
RS RA L BFERE 508 ME T IF SR S AIE )7
RN s SCHR[17155 R /K A 28 T I A% 471 A
DRI AE RO el 28 A AL By R g e, JEH
TR AR EERAR, BAUE T IR GRS
PSR VNS (154 95 N A ST E S SN
ths SCHR[18-191 IR BT aE % FEE B A, $H
Tl HL X 25k 2 e K P A B B AR s SCHR[20] A S B
T RO Atk L X 2R e 1% FL ) A S PR it i
RE2S B A UM T A BT 7T

TCHL Y 22 B L T S A U B RIE 5 7 T
SCHR[21] 70555 BU R DA AR /B sn,  Bhr ] 5
N FE RGBT MR ARG
B RGEE  AAE R B VPR IR A, B Y

RS RASBOR, f5 Uk HH AR R E 7 585 SCIR[22]
R AT . RAR A AR b T AR AEIX 3 A
FRURR SO0 I HEL R P B AR PR S, (E 2 R BT &6
HaE PR A4l

gi BpTd,  H ol O E s S R IR
— P T R R BV R T, X I I T
CNEEIEZ UL waE SN R Az aa I EAPSEN T ¢l aih]
WFTCAR D o

2 HLE T SN LU AT 9 it EEE R e L
SCFIRHRRS, WA BT ghAh, EEERE
Tl GO 6 o B DA 3 (O R EE L, et L Y 22
HLAC BT RN AT RAR MOCTLAME . 7] A4 e
BIERL AR MRS . Al e B SR RUR
PELLBIWEIE, B EE P RIS iE N I n]
¥IERET )
PIE,  ASCT e 2 Pt e 7 58 L Hont 2 Blm] A2
ISR BE N RS, AR B-FR N, AR
B I 25 R A R R N A I 1) 28 DR LA AR
M, Rtk RE B RN, G R LA E T %
KAE AR SR G et . AEUEIERT B, )
A g TR T A AT 35 ) SR B X 2 T B 5 SRR
S W WIE SRSV ST VA R

1 SalRREhRE

BERE I Bl 2 B DCAL B B, SN AT R
oAU B, R AT R R, ek
P RERERCE. SN Y A
1.1 XAl ARE

RGBT A A A, XULBLZR 4t 20
LG WG 2 T RO R

0 0<v<y,
V—v.
P n vy <v<vy
WT in r
Fy(v) = Ve ~ Vi (1)
PWT vr S v S vout
0 V>V

s Pyr ARBUVEGEDIZ ;s v HTIANKIE v H
BIUE MIE vou AT XE . RH] WD49/50 -750(A)
R AML, o vin 4 3.5~4 m/s, v A 14m/s, vy M 25 m/s,
Pwr A 750 kW, #EitZrhy 20 4F.
1.2 RARE HiRE
RS, SR HI IR SE R ) B AR
RGN EREL S SR RE | SERREA SR |
SRR R o PR H It R T S o PR P R R D 23 h
A=S-0
P = fovPated Ai [1 +a, (T —Tsrc )] (@)

T:Q+@ﬁ+éqm—%ﬂA



-10- @A &R B R

e T, o0 M ErAETIR S T AR ith 2 i s b
WP SO FRSAT PRI L 4RI 0 Rt
RARBTR A5 Py A YGAR I IR SE R TR s £,y
NIAR RGN BEBIRE, — M 095 Praea NG
REAE N s A R BECAR R GATUR AT (1) 5K e
RS s As MARAEINAZ AR R AR | kW/m': a,
NI LR, —BH-0.47%/K;  Tsre fEFRUEN
WA IR K RGEA 25 °C;s O+ O Ow L
M4 0.013 84 0.031. 0.042. K YISC-200M S
fREH, e TN 200 W, i 15 4,
1.3 fiEpEEEER

K E VR A g AE 2 B, AR AE & e e
B, )R AT 220 iy R Rt DRt 78 JOH SR B B T 4
T Astk, & IS L G RR @) s

1) & it 78 Ha IS

Epy(1)= Eyy 1 =1\1=6)+ P (1)1, 3)
2) & LI IO B
Ebat(l):Ebat (f—l)(1_5)—f£(1)/77d (4)

K Epu() N E HIBTE ¢ WZIFHE; Ew(-1)N
BT (—1 WZIF R PR Py 5k ¢ i
Z AN E L 78 AR T2 e R g 50500 K
ANE I 7E AR s 6 AN E Hath I
Hi%

& i R B R B EA W, APk
BRI R e HoAg v, & Rt AN L R

Py(t) < NPy )
P,(t)< NP/, (6)
SOC,,;, <SOC(#)<SOC,,. (7

A SOC(HA ¢ WZIE HIBIF R FEE; SOChax
H SOC i A& HIMF 43 L LIRFIRER; N A&
AN P R Py kAN FLB I 7 FE R B0 T
K, FEHHRS ) 24-0PZzS-3000 £ R & i, HL
JEA N 6 kWh, HUEThHEN 1.2kW, REABOE
HaFE ) PR O 4 10 196 kWh, 78 18R RCE ) A 86%,
BORBIBIREE N 70%, & Wi @ i E Y
0.01%, WilZF 20 4F,

1.4 SR BHLE HiRE

SEM R A LALI) R FEI R LN

Fn (SN, (8)
¢ I 25 A AL AE R
Visa (1) = S B, (1) )

s PN ¢ I ZIZEH AR FBHLI BT DI Py
ARG SR HNUBUE IR s Neo HEEHA FENLE AL
Vi) ¢ W ZISEMA BB LRI MIFE R & D SenlAc
PLRIMFE R B R ZS-500 B8l R iapL, JihAES

Jy 0.3 LAWh, FEhZh 500 kW, Bit-Fr 30 4F.
2 {HEMAER

LR 75 TR T M IR S A . AFIBAT R 1
NN B X W NN &5 9 & W NN 725527 NN LT 15
AR ZEAMW A A 2 BE LA H bR o
2.1 FEERK

A AR AR I A PR R R T B A
BBl R A
S =5t Gy )Ny Gy + Ny Coyt + Ny Coat + NowCon)

bat en “enl

(10

iy ) =LAD" 11

JALR'S T 1 (11)
. @'=0

l—(1+f) (12)

s Nwry Neve Noars Neo A XTT AL SEARAR S
b, SR AL Cwris Govin Craas
Cent 7P IR RS R HHL ORI Bt S8
KBHUIRI AN i A SERR SR AZ sty Bzl
WRE fONTEIIEIRR 3%; fi WSEERRA; @
44 CHEH R 6.55%: ye K o3 A 2 iU TR A7 4o
2.2 FIBITHIFRAE

TEISAT YA A I B A 7 A 2 2N T
HATYE I

J2 = Ny Cyry + Ny Gy, + Ny Gy + N, G, (13)
ﬁl:f:l: CWTZ‘ CPVZ‘ CbatZ‘ Ccn2 ﬁj\éﬂ]lj%ﬁ—\‘mjjji EE*J-L‘
JEARBR. B e LI IS AT YR 9 ]
2.3 FHBRBAE

S J8 AR IR A Al A 5 9 ) B A
I Z RN WA e A AR AT SIS 21 ) A
J3 = NyrCyrs + NpyCoys + Ny G + N, C (14)

bat en ~en3

K Cwrss Covan Coass Cony 73R RN R AEAL

ToARMR . B, S AL R 48 A
C'WT3 :Crwe(l’y)_cwe(l’yr) (15)
o i
HO,y)—(1+iy,_1 (16)
. @'=f
i= as ) 17)
s (i, ,) >0
p=1s1f () (18)
0 y, =0
Yy =YINT(v,/y)
C,=C,(ru, /) (19)
A e 6 A



A BT R AR O W AR ) A LA - 11 -

A Co AR AT AR R A; C, AhE
i A AR PR IR AR BRI A B W EIRAREG y
BRI A 2 Y K 5 iy L FEAE D e ) 30 P9 4
UBRAs y A ERERH A sCBIRI B A5 675 o
A BRER I3 A7 LR SR A3 i o

£ W P A TN R NS - IR S
PP Ay LU AR R AT o, R 12
A AR ) A KA o

F1 HHRERHBAKE
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Fig. 1 Flow chart of algorithm
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Table 3 Sizing results of distributed generation in micro-grid
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