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Fig.1 Block diagram of microgrid
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Fig.2 Flowchart of multi-objective planning of
microgrid based on IGDT

2.1 HRIGDTHI % BHERMXIHEEY

T PEAH TGDT ASALL 7 fip 1 ) KA B e 1 o
IGDT BE S AR G H A 22 ¥k L 3R BB HE 238 43 A oA £ 1Y
AN 2 i, I HRE W AE R UEAS 2 A ) 3 AR 9 [R]
A AN iff o o 19 728 Ak i e KA

55 171 v R R B R R 25 SR S BN
Bt P, B ey R FH SAE R A 7 H 3. (AR SE PR i
Ao A2 XE LA T 1), R A s A7 i B er 52 22 0% R
JEE Y S 35K, AT B R AR i M o 7 ey ) T
it 22 45 352 Vi 2 L D) 194 0] 44 97 A S B =5 T
(ELAS, G F, P e LA il 2 70 £ K, (A LR 235 SR AN 7]
170 P A SCEAR S W] K FH IGDT B
PR AT B, A5 B 5 A N P 07 4 A B P R R )
AR AR AFAE AN 2 P et R LA AR

min f (%, x,)
H(xZ,x(,)=() (20)
C(xl,x2)<0
HorAr, £ (2,5 20) A HARBREL; H (%5, %,) N F XL
G (%, %) WARFERLA N s 2, 20, WAL 1L 52, A A
M. M IGDT #53k «,, B«
x, €U (Y, x,)

s.t.

(21)

Xy~ %Xy

U, %,)=

X
X

<l/l,l/f>0}

Forb, &, S AN R S ) ST (L 5 o Ry AN 2 i ) i 22



%18 3G T PR B R B R SR R A 5 L B ST L SRR A SR I 22 H B ®

SR AN 2 e A 22 R R, (20) L (21) B
R T IGDT A= 7 Ay

max

s.t. C(xl,xZ)SO (22)
Jo=min f(x,,%,)
f=max f(x,,%,)
oot g, o5 R R S, B A B MU
OB 8 Je/IME s f R N E SRR A RE R 2
1) H bR R IR s o SRR R A, FOR TR A Re %
AR AT L

TE A7 B0 R ST A AL b, AR ek B 1 4 A
MR T 8 T A B/ N IC R Fo o ANHE S i
%y =(1+) %, 5, B B bR R 1 B c KARL, 30 R Feos
VU R I 19 TG DT RS A Sy

max

Fo<(l+o)Fe

K (5)—(19).(21)

Fiy* =min f(x,,%,) (23)
St | fee =max f (%, %,)

P =(1+y)P"

(=)

Horh P = Fye|(PY = P o5 Gty BUBTINE P i
H b R BB f5/IMEL

LW S VNI =L R S U N g
. DIBCERIEAF0R R 22 RE AR 5 SUAR
(18 A5 Ak a2 () ER AR, B

M. ()= AYIAC, (24)

Hor My () Rl B i 25 225005 Ay Ry i 25 ZR 500 A8
L s AC, R B NA AR . 3 B 25 R AR R
Wit B S AT N A 25 R A, I T A5 =
P Lo Rk 2R B

A far pR B R T 3 AR AN S PRI, H BR e
B2 B8R

J
min f2'=2 N, Z
=1

t=1d=1 J

eco _ Jeco
F 0 _F 0

{250+w>Pﬁ+p$}U—

(25)

(+y) P} =piy

251, R A E 22 s O B e 2R D e
25 SRS KA E Y K IGDT S R AL ALY
22 ZHEREER AR A 32

ARERE 2 F AR O R A A e KR
1, 2 S EAT R BOR s o 2, o

FEHL, BT BB R A AR A H AR ek 2,
W 28 5 P SOR e R RAIE . DRI, Sy 1 B 24 H AR
PR, RS Se BEATIO A A IDRE A R B0 — 1k,
53 2R A~ FBR eREO0H 25 1 ik 16 T
TR B B bR vk > SRAF IR A A4 T
T, R s A TR AL TR EIRCBIE T R KL
HESLAT R LA FUbR B0 SR8 B2 e i, 1D

0 lp s l?[,mux - gl lpmux
lp - l/lmz\x + fl l!/ma,x
m(y)= e Yo =& P <P <ih,,, (26)
L y>y,.
1 fy <o
i TE foin = /
u (fzr) = J# fzmm <f2 <fzmin + §2f2min (27 )
f mein
O f2’ >f2:nin + ngZ:nin

HA S A B ERR BB 2 P I e 5 €
&2 g B B A = €' T f + € i, 5
59y I R A1, 2 S 422 57 £ 5 v L D A5 A0 11
() R (f) R A Al FAR IG5 250, S (y) =
u( £))= O 7R B s 3 58 A R W A H AR s A1
SRR M () = fY) = 1 3R R PR 56 A
A bR BRI A 245 S

4 FbR BREICRAT 2 AN, AT LU 2/ 7 B A
TR, U5 B 25 Al T B W ol

W=, m()+,u(f)) (28)

e, () () 4 30 Sy S K 226 55 6715 0
BT R A R, A R0, HA +4,=10

L5 1 T3 , Z ek AR Rl b B T 5 ) P 1
B E AR AN (29) FiR o AR R TR A B R 4 1
HLS 15 R , W R SR B B2 R A R i CPLEX o
F9 43 30 5 R A TSR A
max W=, u(g)+A,u(f)
0<u(yp)<1
O<u(f))<1
Fo<(l+o)Fye
K (5)—(19).(21).(25)—(27)  (29)

st Fy* =min f(x,,%,)
Fe =max f(x,,x,)
PU=(1+y)pP"
Fio = Fye|(PY=P")
3 HHISH

3.1 EfIaE
AR SO IS PR O P RS T S IGDT /9 35 1



@ L/ AR {7 G-

F41%

BIR 4T BT B B ) 22 F RS BRI . i il
5 kg Tl ] DR EEL TR, PN 1) R B 7R A R 4 B T
FH o AR 22 T00 T R A AR B e KB H o
49 &, A HYEAR IR LKA Meteonorm B4 T 1 a
H G H R G i, B R s . TRt
TR 45 DR 7% A P e AL ] R A0 ik 25 LI i
A PR A2 BLRL B far B LB S A I A2

X F HL A A B A A, L A SR A st
HL A X, R A AR A 2 B BRI . A TR S
B e, — PRI A T 5 R R g 3 gl 4 ol 7
AHRIEE N, A SCH17 %" e 4 N
HL Bl 7345 100 4, Ho A TR IO FE R & 13.9 kW -h,
HE ST TIRN 3 kW, LA 5o 21.6 kW +h, faf i
PR B TR 530 90 % .20 % .

R TE AR 15 a N, 6 BR 4 B i B s O R AN
AR T B far LS a A BRI o SR BT 9 114 5 [R] A
WM 15 a, rBURWI N S a, BN ERIBE A 1 he
32 MYIERSH

KT BT IGDT AL A 22 48 v 4 i 1) A £, AR
SCH SN A E MRS TG DT AR R 2 ] i AR R 45
o DNGRBE LA RN 7 g7 8 2 2 > FA BE A, 2 i
PRSI TG DT ALY (1) AR 1 ol 2 AN 1 s o

1 2FMEREMKIER

Table 1 Planning results of two models

G/ Jiot —
- TS / kW
" WE T BN MBI iy 9 Byt
HisErE 484 291 350 31549.96
IGDT 484 439 539 3414436

S 1 AT L IGDT A5 7Y 1) il AR F 38 s 2 24 HL A
FEPEBLRUAT BT fin . ZER B PERR BT R e 4 R
TN 71 fap DEAT BT, A Y T 60 0 R 22 R ECR 0,
MAE IGDT AL AL |, £ g7 19 22 RN 4.48 %, W] L
P Ry A SRR T 2 A R I P BB A8 K A7 1 17 e
B K% sh I 2 4.48 % , B & Gt 7K 52 17 ff K WA
EMER KO 4.48 %, BLET, BRI P 5L
HRFRLRE R EON 0.3 I ., B R AR T is
J130 %, A AR 0] 45 3R v SSAS ZE B B O T o 333
n#Z . 53 AN sh e tAg s, R R RS2 1)
FH Al B0 fap A2 Bl A, 1T HL B VR4 1 R R far A T 3
Bl AT 1T 5 /0N, R RGeS B sh i BTt

3B B AR 1 w5 AL e 25 B LR -
TEMEE T — 43 4% 29 .10, 10 BRI 4, Bt
49 F7ERT B T 4 A ifRESE S JR S AT

SRS PR ZE 10T LLE 3R BE Y
KFR B 1 RsA R R, OB A9 S e 4
Ko BEFERWHIER BT — 2, B8 S EEN
59.2 % , 1 fuf 44 HE WO AE 388 K, Fir A 2 Pl 28 pl A

AR TA], AT 38 A SEBRAT O 5 0 B B 1T v 2 s 78
) S AR T B /0N, U B far M B D SR & A B
HEIE SR /NFRYBE T, R S i A e/ s (H B BE T
P TGDT A HAH 5 1 i MEARE A R R AR B8 21 e ke
X2 R A A 1T 1Y) e 22 FRBCH 4.48 % , 51 iy 78 TN AEL
FFEfl B KA L R & Rk 2 T B
J&= To AR PR, B A e i e e R S E
D] 114 22 T FiE, I 3 ke i A2 A AT

AT LA 3], IGDT FE A AT D) AZ 67 fuf B AN 72
PR KU R8T IGDT A5 1Y fy A ek
33 MBRBHOREESH

PR T IGDT AR R 58 i i 1 €, R
Tk — 24 B AR R S B ) AR SR g T AN
[i) KLkt 22 55 (19 IGDT A5 7Y I 43 A G KI5 SR i
AL

FHLibE R o ARFR T A BB AZ 1Y R AN B o 1
[i) A0 501 B AR BN ) B G bl A R R R AR B
K, FRR 35 R 32 B0 T 58 B RSB, LA A5 A
o7 X AN P ) ) i ) i

Kl 3 B Tl K i it 2 IGDT 1 2 H brisi 7Y
2B L R T7 58 0 A7 Ay 4 S BGOSR
B PR AT 22 22 80 AN AR 3 2 A1 AL A8 AR X
TREFLEE RS o AR . AR SCiE = (23)
FLikE 2% o L4 0.05 B9 20K M 0.25 38 fin £ 0.55,

0=0.55

1400 1500 1600 1700 1800
SAS /T
B3 AREocTHRULER

Fig.3 Optimization results under different values of o

i 2 R 2R 5 300, 2R G0 B R I K O 2
280 M 2.43 %3503 11.86 % , i< A 1408 J5 T4
JNEN 1745 7576, R GeM ] 07 ey 7 SR EEOKR 3R
T RGN B s AN AR A2 RE T R HR T FE A B
TR 7 5 B Gl 1 X 7 A B R KR B
PR B P 5 E TT DA B O RE 7R AZ 1Y AR SR B
FHaE 22 B LG BT 5% 0 At 149 XU o

T A AT A TE AN [ R aRE 2 HOAS ) o BE ) LA
A4, GE T H T i) R R R ) B L 1 AR 22 DA
BB SR AR S5 R LK 2, INERP AT LIE
i R 2R B G A ) F AR R L Bl VR R
ARAEREAS B BEX BN, HLAE B BE 34 ek .

PL_E A3 A 1 B g 7 %o 47 fuf AS B S T R AR
A, 35T R 53 1T L B AR B e AN S P ) A v 4y
WA, B A R A3 LB G AE AN AR R



%18 3G T PR B R B R SR R A 5 L B ST L SRR A SR I 22 H B &

£2 FARo THANEN

Table 2 Change of costs under different values of o

SN / T

o JR AR . . BOAS / it
OBl MBI BRI
0.25 i34 22171 254.83  337.80 814.34
) a4 56.03 58.03 62.89 176.95
. )45 F 225.64 32098  423.99 970.61
) SRS PR 58.48 61.62 69.48 189.58
[llag i) 22623 38755 50623 1120.01
0.55 .

RSP 60.04 68.81 80.25 209.10

AR I RIS TR ALk 2R 50T 2 Bk 2 AN [
W1 d By R, AT LA Rl Mk R R O,
RS e R BRI, LASok “ BRI Sy A I
A B AT S AR T H IET A3 R, 22 A
W RS Z IR AE T T, oA T SRAT P L A AL 25
B, A5 B057 5 RS F 184 0 BE 808 A O 2 28 0 16
KR, BIAGTF A IS E LT ILPRw2E 28 1R
P (24) HEAT VIR, m] LIRS 3 30 e 22 R B IE 4.
Fh PR AT fhh 28 9 B g s AE AL 2R K o= 0.3 IR,
ARG AL i XS A o HAT P L
SR phe SR T LA 2 7% M 8 SRR A 1 7 1 I
FEE T A

0.5 0.6

(=]
[
o
'S

A 25 R AL
) w IN

[

B4 BRMRERMME TURELZE

Fig.4 Curve of marginal deviation coefficient vs. o

R T a3 O A SR R I AR Sk
— R A T B S A IGDT 22 H ARBL R I 43 My
R 45 5 () 5w, LA R LR SR B
34 HMYNERHBIEINRENZIE

R T I UE L B R Uk D A U Bl 1 O, FE X
(28) H1 43 IR O [A] A EE R B A F1A, A TR A
5824 BFRRE A, 092 ARG O o

- 1 z
iy

- 1 20 000 ;Jg
=

L ! 1 0 =

02 0.4 0.8 1.0 ¥
A
—e— AR L, —— i fr i sl

E5 2ABiRMEA HELER
Fig.5 Two objectives under variation of A,
TERA R A AR, ANBfE S 1 0 RO, AT LA
PR DAy T B A G SR RO, DR 48 T B4 P
FoBEy TR AT, B A BN o 3BT 5 T

=
B
j=)
o=
j=
=)
kW

ek
HOE/ %
~l

o

Bl A D8/, A, 3G B I R R SR A T
B BT AR T B A (E S g i

TEH 2 AN AR AL E R A, =0.3 .4, =0.4 1T
Fe T HEAE—AE T B 8 AN SR 5 7 fp H A pEBUR
KIAEHFMERKE HIX 2448 H | B C A
Clh1dH24 hiJH R E TR YR HEn]
HLTEA BN, B R TAERMERIKE H TR
ik T) 00 L3 180, B Ar U S /N T AE A BER B, 3
KIE R T R0 PR R, X2
b v R M AR, AR A 0 TR oK . IANE R
TAE B 8 L A 12:00 — 20:00, 1 B K AR ELH
() FH R I 20:00 229K H 02:00, LB R E7E B/ K
TAE H A9 78 L B E] 32 E 4 01:00 — 07:00 A1 22:00 —
24:00, 76 5 RAKE H A9 78 HL A [R]98 25 12:00— 14:00,
X U T FL AT R TR I T 2R
3.5 HMEBER5XKBEMIZERNZINSHT

DLt — R E REE, A, =0351F R
P TR 5 s 1 2 25 i 38 S s R f 1, B
it R EL o =0.3 0 F Ge Mk RURS: () s A HU . 7L
LR, 2 B AS 8] B B i i i i B S C R L C2
T FEL O DA A L D ) R 1) B F R RTAT 0, 7R 55 1.6
114, el I I Fi b 52 F TR 3, B el I 5 R i TR0
ZIE TR BB B £

IR R 1 TAE H AR MR H E 47 5087, Fa 3
KA TGN WA 6 Frn. nl LA, S 4F
HE e R TINET B R A SR I el 1 AR
SRSV T 2R AR A 2 I B 3 NI R £
T A R R A AR A R R R 2 e
e FEL T AR L, ) P ) L i A ) 5 | S L iR AR S
FE LI N AT BN

260 +

04 A N~ i i b
00:00 06:00 12:00 18:00 24:00
w2
R, — BEE, — I

Bo BMRXI(EHBEZREZBFERL

Fig.6 Charging curves of electric vehicles in

autumn workdays
4 £t

ARSI PR R GEHESR 3 i X 1GDT
2 L Bl YR 4 e H B AT 1 R DR R B R R
TGDT AU 1 1oy 354 A9 Nl 2 1 5 R FHASOR SR m
JE PRBCIAUERT R K] , P I8 22 90 4% 4 26 5 P A7 oy
sl Lol BEAHIEEAE , AR SCHE H Y LRI RAS A AT
D Ry & R R W52 I ) PR S E DS 2 W



® ® 0 & % L B ®41 %

) ] S 8 LA AV P L 3 ] DR B ey AN o
PERYIGE . R DS 3 ] DA A K 52 1 A e a4
T i 2 5 LA R 3R 1) 53 70 £ 1 XURS: L O ELS T T30
i 222 % B8 A0 A B RS 8 R MR L 1 R
EX AN R U ST a2 LGN EIRS NG
W52 HL R 55, T UE T 3 > e A2 AT i i
W S L A BT B A S B A L N R
TSN o T IGDT F 4 FU AR F SR AL 1 IR i
LA i — ARG R G B A T B ROR
& LA B 25 & (http: / www.epae.cn)
Sk

[ 1] WS, a0, IR, 45 A sl S A L2l A S B ]

SrAT SR i, 2015,36(7) :6-13.
HU Zechun,ZHAN Kaiqgiao, XU Zhiwei, et al. Analysis and
outlook on the key problems of electric vehicle and power
grid interaction|[ J . Electric Power Construction,?2015,36(7):
6-13.

[ 2] BAZ AAEUE, B dami . LT Stackelberg 2R 1Y) 74 filf— 1K fL

P 3 R L P XU PR AR R [T ], FL T I Bl ki, 2020, 40
(6):49-55.
CHENG Shan, NI Kaixuan, ZHAO Mengyu. Stackelberg game
based bi-level coordinated optimal scheduling of microgrid
accessed with charging-swapping-storage integrated station|[]].
Electric Power Automation Equipment,2020,40(6):49-55.

[ 3 ] HERNANDEZ L,BALADRON C,AGUIAR J M,et al. A sur-
vey on electric power demand forecasting:future trends in
smart grids, microgrids and smart buildings[J]. IEEE Commu-
nications Surveys & Tutorials,2014,16(3):1460-1495.

[ 4] dtmte xR, m A 45 . Sl BRI LI M0 A S IF S
] Wy A3k, 2017,37(6) : 15-25.

HONG Juhua,LIU Junyong,XIANG Yue,et al. Preliminary un-
derstanding and research prospect of urban energy internet
[J]. Electric Power Automation Equipment,2017,37(6):15—25.

[5 ] 8858, F0h, RBrte, 55 3204 e YRR 042 B o L 1
By gems [0, AR, 2016,40(12) : 3732-3740.
ZHAO Xingyong, WANG Shuai, WU Xinhua, et al. Coordina-
ted control strategy research of micro-grid including distribu-
ted generations and electric vehicles[J]. Power System Tech-
nology,2016,40(12) :3732-3740.

[ 6] sRMIEE, 57 BROHEN . 2% i 2 42 1 JF 0 B0 i g ot

HEEASLT]. WA B, 2016,36(9) :25-32.
ZHANG Mingrui, XIE Qingqing, OUYANG Li. Sizing and si-
ting of BESS for grid-connected microgrid with electric vehi-
cles[J]. Electric Power Automation Equipment,2016,36(9) :
25-32.

[ 7] Z=WHE RS . TF RO SR A R AR AR 1 ot I LR 2 5 5
0] A, 2017,38(2) :60-65
LI Botong, TANG Kai. Planning model and algorithm of micro-
grid considering energy storage characteristics of electric vehi-
cles[J]. Electric Power Construction,2017,38(2):60-65.

[ 8] ERLIRTE, T84 . T o0 s Bl BE m 3R )7 58
LT AT ]. IR, 2019,43(12) :4353-4361
WANG Yi,MA Xiu,WAN Yi,et al. Sequential charge-discharge
guidance strategy for electric vehicles based on time-sharing
charging-discharging margin[J]. Power System Technology,2019,
43(12):4353-4361.

[ 9] JIAN L N,ZHENG Y C,XIAO X P,et al. Optimal scheduling

for vehicle-to-grid operation with stochastic connection of plug-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

in electric vehicles to smart grid[J]. Applied Energy, 2015,
146:150-161.

SORTOMME E,ELSHARKAWI M. Optimal scheduling of vehi-
cle-to-grid energy and ancillary services[J]. IEEE Transactions
on Smart Grid,2012,3(1):351-359.

B R T IE A BT RUZ B HOR TR I RN X
TR S R A VAR [T ). AR, 2015,39(10) : 2690-
2696.

HUANG Yu,YANG Jianwei, HE Zhengyou. A dispatching stra-
tegy for V2H of intelligent community based on bilayer dis-
crete particle swarm optimization[]]. Power System Technology,
2015,39(10) :2690-2696.

T, s L SF L A SR AR ST U Y S ELR A T
R )], A RS A Bl 2018,42(1):32-38.

DING Ming,SHI Shengliang, PAN Hao,et al. Planning of AC/
DC hybrid microgrid with integration of electric vehicles char-
ging load[J]. Automation of Electric Power Systems, 2018, 42
(1):32-38.

AGHAEI J, AGELIDIS V G,CHARWAND M, et al. Optimal
robust unit commitment of CHP plants in electricity markets
using information gap decision theory[J]. IEEE Transactions
on Smart Grid,2017,8(5):2296-2304.

R, kA TR R R B R R B A T L A 3 SR
(T]. Fh 5Pk ,2017,32(4) : 751-754.

ZHAO Chen,ZHANG Shaohua. Generation asset allocation stra-
tegies based on IGDT[J]. Control and Decision,2017,32(4):
751-754.

MAVALIZADEH H,AHMADI A,GANDOMAN F H,et al. Multi-
objective robust power system expansion planning considering
generation units retirement[J]. IEEE Systems Journal,2018,12
(3):2664-2675.

CAO X Y,WANG J X,ZENG B. A chance constrained infor-
mation-gap decision model for multi-period microgrid planning
[J]. IEEE Transactions on Power Systems,2018,33(3):2684-
2695.

R, SAEHE SIS, AF L BT SCRERE MY TR I S R )
(3. W1 A sk ,2020,40(7) : 149-156.

LI Hongzhong, LU Menglin, HU Liexiang, et al. Joint planning
of microgrid considering generalized energy storage[J]. Elec-
tric Power Automation Equipment,2020,40(7):149-156.
CHENG R,XU Z F,LIU P,et al. A multi-region optimization
planning model for China’s power sector[J]. Applied Energy,
2015,137:413-426.

TREIBL, Bl A, S B RS H R AN 2355 1B 4T
(3. PE LT 1, 2014, 34(7) :1013-1023.

ZHANG Mingrui, CHEN Jie,DU Zhichao,et al. Economic ope-
ration of micro-grid considering regulation of interactive power
[J]. Proceedings of the CSEE,2014,34(7):1013-1023.
SHAW K, SHANKAR R, YADAV S,et al. Supplier selection
using fuzzy AHP and fuzzy multi-objective linear program-
ming for developing low carbon supply chain[J]. Expert Sys-
tems with Applicati()ns,2012,39(9) :8182-8192.

EE RN

% 75(1997—), %, L B\IEMA AL
FRR A BASAE A, Z AR @ A AR
% % (E-mail : pengqiaopq@stu.xjtu.edu.cn) ;

E AT (1961 —), %0, L B # A, 3
B, ZEHMAT AL A ZANR] B
#1 7 % 4 (E-mail : xiuliw@mail xjtu.edu.cn)
v (BB kA
(T4% 158 W continued on page 158)



® ® 0 & % L B ®41 %

[D]. 22 229K, 2019.
WANG Xiangpeng. Research on post-loan risk warning based

(E-mail: gbpan@zjut.edu.cn) ;
ZRH(1975—), B, HiL 7 iRA, SR

IAIT, 2 AT Ty ey A b Akt & (E-mail :

nb_gmb@163.com) ;
®ORA970—), F ,#r i T, &R

on unbalanced three-classification LGBM model[D]. Lanzhou:

Lanzhou University,2019.

BB/ IARNP , £ BAR 7 @ A8 kit & (E-mail :
HEEHE(1978—), B, WL EHA S L, 25 nbdyhm70@163.com)O
CEEAEEXEEVE TN I EY R & 28 HER (%58 T4 %)

Identification method of electricity charge recovery risk of specialized transformer user

based on Stacking model fusion
PAN Guobing', GONG Mingbo’, HE Min*, WU Chenghuan®, TANG Xiaoqi’, YANG Lii',OUYANG Jing'
(1. Institute of Distributed Energy and Microgrid,Zhejiang University of Technology,Hangzhou 310012, China;
2. Ningbo Power Supply Company of State Grid Zhejiang Electric Power Co.,Ltd.,Ningbo 315000, China;
3. Zhejiang Huayun Information Technology Co.,Ltd., Hangzhou 310012, China)
Abstract: Aiming at the current electricity charge recovery risk of specialized transformer users faced by
electricity companies, an identification method of electricity charge recovery risk of specialized transformer
users is proposed based on Stacking model fusion. Feature processing,feature construction and feature selec-
tion are carried out for the data of specialized transformer users,and the model generalization performance is
optimized from the sample distribution and feature attributes. Stacking model is used to integrate multiple
base learners to construct an identification model of electricity charge recovery risk for specialized transformer
users. The experimental results show that, compared with other commonly used classification algorithms, the
proposed method has better precision,recall rate,P-R harmonic mean value, AUC(Area Under Curve) value,
and model generalization performance,and has higher identification rate of specialized transformer risk users.
Key words:specialized transformer user;electricity charge recovery;risk identification ; Stacking model fusion;

LGBM
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Multi-objective planning of microgrid with electric vehicle charging load based on
information gap decision theory
PENG Qiao', WANG Xiuli',SHAO Chengcheng',SHI Shuo',QI Shixiong', WANG Zhidong’, YAN Sheng’
(1. School of Electrical Engineering,Xi’an Jiaotong University,Xi’an 710049, China;
2. State Grid Economic and Technological Research Institute Co.,Ltd.,Beijing 102209, China;
3. State Grid Corporation of China,Beijing 102209, China)

Abstract:In order to build the microgrid considering both the charging of electric vehicles at the operation
level and the long-term increasing of load at the planning level,the economic costs of microgrid planning
are analyzed. To deal with the contradiction between load fluctuation and economic benefit,a multi-objective
planning model is proposed. Meanwhile to deal with the uncertainty of long-term increasing of load, the
information gap decision theory is used for simulation. Then through fuzzy membership function weighted
fuzzy programming,the maximum satisfaction programming model of microgrid with charging control of elec-
tric vehicle considering uncertainty is established to coordinate the planning of microgrid. Finally,the simula-
tive results show that the proposed multi-objective programming model can balance the economy and load
fluctuation, which can help the planning decision-maker to cope with the uncertainty of load at the optimal
cost. Furthermore,the impact of interaction between microgrid and large grid on the access of electric vehicles
is further studied.

Key words: microgrid; electric vehicles; multi-objective weighted fuzzy programming;information gap decision

theory ; uncertainty
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Table Al Parameters of photovoltaic unit

BrBE EBEAN/OG KW BUEARKW  SMBERKHREHIE  Fdvla
I 6000
II 5000 100 49 25
11 4000
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Table A2 Parameters of energy storage unit
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Fig.A2 Curves of electric load demand
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