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v R, SR FH 7 1] 5 4 SR 0] S B C F A O T I A EA T R R, il i BB E T SRR S E. S
BR [10]) 42 T & A S e REER T SN0 A R A, DL RS AT AR 2 A/ o B AR, 3
B C FL P o BSR4 Dy — B HE R RIS R AT SR . STk [11] $2 128 RS A b XU oA At E &R
G0 2 R ALY AR AL, IE A 1 RE R G T 4 R BB R R EL R RE . AR, IR
TP HETHRME . (demand side management, DSM)+ DG 2iE R UL X 1K HHL (wind turbine
generator, WT'G) FIF6AR &K HAAL (photovoltaic generator, PVG) FEHLZ & (5 ELAS [FIX 9 2240 ) 52

LE T SR B FE BN BB, 28X SRR e A E Y, TF & DG BIEZHEM WTG,
PVG & EEHEAT TC F 190 o SRR B, 32 TR I DA R PR R AE: (1) =475 R& ) 75 SR AU 38y my o 7 47 4
(interruptible load, LP) I, Ay &tXf Ay v W 67 fmp 24 B 5 PEBEAT A5, DA A 46 H RN T R oA TR 90
TSR E . (2) DG BE R IR w2 R NC B P 22 2 Fa g e AT T E R R Z —, Wik DG 2i&
FAE NGRS WTG A PVG RERALA RS L, U br DG BiEHR M WTG,
PVG AN [ BT HiL I o R S e 2 55 2 A 2R A

B DA i g, AR S 2 A 5 RE SR B ) S 2 D D SR R R AR DUAE N 48 2%
G BN B AR EEATEC H N SRR, AR R ) R ERIAIXT DGs /3 IR & A nT A W 67 e
WrE g AT 04k, HFH b T RIS R F S B SR 5% 5% (improved partheno-genetic algorithm,
IPGA) F1JFEXHME AN £ (primal-dual interior point method, PDIPM) #EATRME. A FEE vk T
(1) HRHEC FL PRI B mT o B 7 A A, R R O A7 R T R D T R R B SR SRR R, IR X A7 A
Wi s AT AL, SAE EEMRI S A T ST SRS B RA. (2) 72 B AL F A InA DG &
FERAR, R BEZRZPUA R DG BEF/KF, # DGs BENAEEZIE A WTG M PVG %Hl
R R, @Y SR ECR TR R AR AT S WTG R PVG i E. SEER 25 RRRAE DG BiE
FACEFLLR WTG 1 PVG AR &7 EEIE LT S A R B AR &3, JF B 7 DG BiE R WTG,
PVG AN (B 32 20 ) 10X R0 ) 5

2 Hfaimid AN X AR E

ARSCEE R RHL « SRR A7 A A ANH 58 14 DA ) v W 7 A 8 28 Dy 7 A IR Y (R N BT AR &
5675 RE AT FR T G A R A e BRI (D BR A, AREANINTRITRI RS 1 hoRE— K 24 /NIRERISR O 24 AN
B, X RENLAS B R AN R (A R BEAT FiA, 285 MR AN BOXUHE e ARAN G i AN [F R 3@ AT 45, ST
w7 G i BEAT R B

2.1 X, RRFIGEEE

75 P8 RGN [ 5 B2 73 3l IR IS 8 Weibull 7347 12 F1 Beta 2345 3], WTG HI4 Dt D 2
Pwrc 5 PVG A DDA Peye AT IAT:

0, V< Vi, U > VUeo
UV — V¢i
Pyra = Pwrgr, v < v <o (1)
r — Uci
PWTG,n vy <V < Vout-
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Figure 3 Daily load curve of each bus

(2)

PPVG,rS/Sn S < Sr;
Ppye =
PPVG,F7 S > Sra

Hrh Pyray N WTG BIBUE TNZ; vei, Veo, v 7R AR VIANRIR L U H KR FNEUE KE; Peve, N
PVG HIRE N, S, RNEUE SR E.

—K 24 MR, KUE L EREEREE DL e 3 I AN R EFRRES. B 1R 2 3 e b 24 /N
PIRGERDEHE SRS, I 1 A1 2 AR WTG — RIFF IR, T PVG XA RIEHEHEE, &I
ek kHE. NHEJRE, WTG il PVG 23— @ M AME: WfE PVG A 1098 B 20:00 &
WH 4:00, WTG 434 —5& H 77; AE WTG HAE/NOBTECR, 10 9:00, PVG H 1K,

DA AR SR IE A5 oA e (14

2
{Pload,z Nl 23, 3)
Qioad,i ~ N(Hq,is05,)

F Pron iy fip 02, A BUNHA i BP S GG0 W72 Quonasr 0o 02 SFBIFRHI A i BT
fuar« WA,

N T AN SRR [ B A f D e, SINIAE by ik ) SR g fir ith 2k, 948 & LE B4
ZINIRF AR B AR A BB 5 0 LS R B R AT EEAEL pa,i/ 1 i, max (thq,i / g yimax ), B 3 R FHEIME
i BE 5 VR R 2 i H DA a2

2.2 A[REffATE
ARSCE FE I e SRV B S mT v T 67 A, T e i 7 7 A 2 TR R SRS (incentive-based demand
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response, PBDR), 4 KB M) T LRl P, — i REMH P KT —Ed=E4as5 10, @
I BERR XU 2T (A R, FEL g2 FTE GuAe e W B B R e i B i 1) FH P R tH R i SR A5 9, TG FEL A
FRE T P AT A M. AT R W £ s B 2 DR A R LR I AT K LT — AR
BTN, — MR E SO, AR S5 MU AR 0 R IES; 75— PP is HJE R, H AR AT SOk
AR R G R B V). A SCAT v e R R 5 Ok JE . TR FRL) e 0 BB R G b e, T e e T
WD TR, MY TN T & A U8 [EI, EANE A YR A WTG 1 PVG 25 sl
e /N T TRINME I, ] e B A7 o] LTI B 1, S DGs (R L Y Y 42 R AR AR 1 4 .

EH T F W A7 A AR PR AT, DR T R R R D BT A, SR IR, 0 18:00~23:00, T H T 47 A
W ORI FE TR B, T e 7 gy o T ARG BN B . 5 A7 A P R R AT A T A e
BRAL S, AT 4R iR AP, 24 WTG AR, 1 16:00~17:00, BB AT A 6 7
HhTEBUNEON R TAE WTG 78NS 280 B, 4 9:00, 21:00~24:00, AT H W7 877 o BB R 6 4
K. B, 75 PVG H AR, AT AR 7 s W 2 5N BN, G 9:00~16:00; TH7E PVG H 715/
B B, T R T 7 A o A X K

F 1 WTG, PVG FIf e =35 A0 EAEFH, JE 0] o 6 o e 2 7= 2R g i WTG Al PVG XY
A A BB gy R DR SRR — B Bt R R AR T A R TR S AR 5 WTG AT PVG
FHR.

2.3 DG BiER
DG BIEFR N AN REBENE B S P AL & XK 7 i far 2 b 191 B
DG BiER = DG RN E /Mgy,

B DCs KRS RIE, DG BiEFRFEK O SCAA KR B R B IESE. FHE WTG &
FEZR W) HRHE Bloomberg New Energy Finance Z(#i 7R, 2013~2016 £+ WTG RITENAF R
WHAF] 477 73 kW, 486 Ji kW, 506 Ji kW, 523 Ji kW, X} N 574 UEAE 2 5 A 614 5 kW, 622 Ji kW,
636 /7 kW, 650 /7 kW. ¥ DG BEFR 5, L lUF,1E WTG BiEHES RN 77.7%, 78.1%, 79.6%,
80.5%, EIEFHKAER, JLHEZ 2016 F TR 80%.

Y DG BIFE R RN, B AT RES L RS . AR B W, R, AT K DG BB
T3 BT T L 1o [ R R P 5

3 EFNECEMMENERRIRE L KET A

FEPA TR R, KHESBR ] DGs KRR, FEE R DGs Gl i ETHF AT R,
LB BT DMEAN T S A R 2D R A AT 52 N 32 e AL DGs BO3EGNRE /g (20~22) A R A
PN ESNE BT % (1) BIECR BHLH 70 3@ DGs (A Zh JokiA ek (2) fakME B A
32 8 PR G SR BE D R o W G A I, S A T e W A SR T R . B T A B PR R R
Wi IS ATLF1] X 2 T FL I RIS, T R D IR SRR o e R SR B S B e BT FE A R i 2 —

R R ROME B, 57 F 3B BT & DGs ARC B P 302 IR R, b R AR DA 2R
BIA RN A bR, TEARRAE 2 MR B € DGs A 2 th 73 9) BB ATR] b W 47 iy o 7 22
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3.1 LE#&R

3.1.1 LFERBBIREH

AT L RO PR, f B s R X ST B, BRI, AEERE BT Crorm ®RANVH
bR, FE B FE N L 2R B AR A Chav tines PEEIRFED T Closs~ DGs HIBATHES 32 Com s
e L I 1) 2 R I L 3% ] Co AT AR REVR I BURT AN Cy 31, FEBLIER |, 578 DGs 22 Bedi Bt
WH Cinvpas EENEHBEM Can BURTFTRMEEL Cosu.

H AT, BRI H AR Rk O

min Ciotal = Cinv line + Cinv,da + Closs + Com + Cen + Canm + Cpsm — Cu. (4)

X (4) HEES A E T
(1) DGs L3 HE WA Cinypa, B

r(1+47r)""¢

Cinv,DG: Z Finv,DG CWDG,i ma

i€Npa
HH Npe N DG IR HEER; wpas NHE i A DG L1 il DG EHLHE; Fuvpe N DG H
MABTF R E A, r APIE, — L 10%; npe A DG WA T EHERR, —fH 20 4; FH
W, Fuvpa, 7 Ml npg ¥YWHEME, wpa,: NEE, H DG BIERE XA, DG BEENZENIN wpa
MEMSAE, K, .y pe FIZIENS DG BIEFAH K.

(2) EFNEFHRH Cam, HN DGs F LK HE TR I 30 B RA, /)

(®)

Cam = 365 Z Z Fam - Ppa,i - At (6)
teT i€ Npa
Hor T = 24 h; At AWEEIRE, B 1 h; Ppg N i A DG 1E ¢ B BB 77, Fam A DG B4 K H
B BN E B o, Fav M AL N5EME, Pog,i NER, H DG BERM WTG &5 & ot
DGs th 1= 50m, K, Cam FZRNIENLE DG BERN WTG &8 5 A K.
(3) FaRMEBEZRF Cpsa, H4 75 RAE P RSCATL AL HL 2 7] X0 4 0 e FH P RS A, B

Cpsm = 3652 Z Fpsm - Posm,ie - At, (7)
teT i€ Npsm
HH Npsv ARTHW AT R A Fosm AN WAL L&A P AME A, Posw,ie NE @ ANATH T
e ¢ B B b
(4) HARZEH, HArRE AR A D

r(l+r)"

C’inv in :Fin : lin Y 8
7lelele(1+7ﬂ)71 ()
Closs = 365 Z Floss ' Ploss,t . At) (9)

teT
Coum = 365 Z Z Foum - Ppa,ie - At (10)

teT i€ Npa

Con =365 Fon - Peny - At (11)

teT
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Cy =365 Y Fy- Pogis At (12)
teT i€Npa

Horh Fline 90 HL N 2 28 BT K BE T 7 R AR B2 28 Line NG HLPIZR B GBS n NERER IR 0%
fEHAERR, B 20 45 Plosse NE t N BHIE DIHRFE; Foss AHEM; Fom A DG BALK BE T K ig1T
YEAP PR P 905 ¢ I BRI LI 0] b 2 FRL I P I L B P, DO SEBRAS FRLER T 75 2R H By AT AR
REVR B K LB PRI O BURT AN B T o, Fom, Fen M1 Fy SON5EME, Pog,ie M Poae N E, £
t BB A A BT 7% R [ e 1, JF H B DGs W iR g s e L[R]3, DG B3R WTG &
25X DGs 1425200, 1 DGs H 122 RN 2 208 m) BRIl L, PR, Com, Cen,
Cu, Cinv.pa, Cant FIZZAIE DG BIERM WTG i b A K, #M Cioa 22LE DG BIZEZHM
WTG & AR,

3.1.2 LEBRBIAREN

E RS A U 2 R %A
(1) PR SPIREE LR, HAlik Ny
n=m+1, (13)
Horb n AR RGN RS m R RGNS EG F HER R G0 28 b B I A e R L, BT
AR IVEE L FIGE.
(2) RGEEMAR. RHERGEEACHEME Er RERRZEWFTENIKFY, Brmax NRGT
REHE 32 A B AN SR B BN, AT AT 1R U7 SN 2 1 2K

ET < ET max- (14)

(3) DG BERLK.

> wpai=B > Lj (15)

i€ Npa JE€Nnode
WpG,i = WWTG,i T WPVG,i, (16)

HA wyra: NH i A DG 2235 M WTG WA R, weve, N @ > DG AT M) PVG 2541
BHE, Ly N § AN s AR IE(E; 8 8 DG BIER.
E%E DG BIiERN, W WTG M PVG 22358 5 T RR:

WWTG,i = AWDG,i> (17)

wpva,i = (1 — N)wpa,i, (18)

He AN WTG 5 DGs ZEHLa A= L], BUETERE M [0,1].

F 2 AFETOCHR (23] HSRIERITTE, AR SCANN T RS I (1 S I 4% 20 R DA K T SEME LR, T
HiGH & DG BERLN, JF@id s g # A, #46] WIG 1 PVG B 2R A5 2 WTG fl PVG %
RBERG L, BT DG BIER LKL WTG 1 PVG i Eost 3= S0 e R R 22508 e 52
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3.2 TE#&E#R

3.2.1 TERBBIREH

R JE T R (P R LRI (optimal power flow, OPF) [Al/@, UL DGs H 3 VIBR & K Al i £
ff H W B R /N O B b, KRR

minz Z Pcur,i,t"'z Z Ppsm,it, (19)

teT i€ Npg teT i€ Npsm

3.2.2 TEBRBAREZMN

TR (205 S P BT
(1) 35 IR TG LIR.

P, =U; Z UJ(G” CcOSs gij + Bij sin gij); RS Nnode;
JjE€i
Qis =U; ZUJ<Gij sinGij — Bij CcosS Gij), i € Npode,
Jj€i
Horp Py M1 Qi 73N i WA DNEANMTGIEN; U; Fox T s ¢ KRIEIEE; j e i i s
TR EARMERT R Gy M By 43 AT RN R SEEAREES; 0, Ron TR 0 5 ZIAAH
ik
(2) 1 A HLE 4%

(20)

Uimin < U’L < l']irnax7 ic Nnode7 (21)
:/H\:EP Nnode %%éﬁ%,ﬁ%é
(3) SCHEIhFRLIR.
Sij < S, i € Mine, (22)

Horbr Sy SRR 07 BIDIZRI; Nine NRGSIRES.
(4) DGs H VIR ELIR.

PR < Pewrin < PR, i€ Npa. (23)
(5) A H W A fur £ 5K
0 < Posm,it < PDénies @ € Npsm- (24)

(6) A H AR R A Sk T 2R
TR L Ty, < TP, k€ Ny, (25)
Hrp Ty NERIAER RSN E,; Ny NEHAERES I ES.
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Upper level planning

min Gy = Ciny tine+ Cinv.pG + Cioss + Com

+ Cen+Cam +Cpsm —Cy b IPGA |

s.t. (1) Radial network and connectivity constraint
(2) Reliability constraint

(3) DG penetration constraint

Network P
. and Pg,, -
scheme cur, it DSM, it

Lower level planning

mlnz Z Pcur.i.l +Z Z PDSM.i.z ,,,,,,,,
teT ieNpg 1eT ieNpgy L, OPF !
s.t. (1) Common network constraint I (PDIPM) |

,,,,,,,,

(2) OLTC regulation constraint
(3) DG output curtailment constraint
(4) Interruptible load constraint

4 FEBRMRERXIRE

Figure 4 Distribution network bi-level planning model

3.3 ECEEMMEML SRE

H EEBA (4) 5288 (19) MR8 7 AUZ MRS, W 4 prs, b2 00 BT A g 2260
RIF 1, NERKIZ DGs th 1 R rT i tag i T A A T Rl . R RIS R BT SR AR i 45 TR JE AR
BN ERRITE EERRIEE R EAE EXT DGs H 230 Br R DA vT A i faes e e AT 04, R Ak
AL B2E LERRY ) SR A ool B AL SR A A P SR I b T R R R

B ZE I A ) P BRI R P F DX SR DA R B A PR R, A P T AR R g i )
SRiAERIE (pertheno-genetic algorithm, PGA) 124251 JRAT SRR, (i FHFE R e . FEN RSN FER HE 4y
Be 3 P, SRR A R VR XS e AR EAT e %, [RIIN DD NRE JE CRIFSRME. v 1 19 BB (0146
FhEE, P SN B v 1260 25 T Aa 2R A BT A6 TE FE TR IO 6% 98 2 32 3 ) S Stk

N T SR SRR A TR RE, TN & B AR B BT 6 BRI E BRI RS A ST A Ly
BO B3R A7 ek, M SEIGT 5 ARFR R 2 FEVE I R4 . AL (1 sodk i

(f - fmin)(Psl - Ps2)

Py - ) < faves
Ps _ ! favg 7‘I;fmin » f f & (26)
Ps2 _ (f - favg)( s2 T 53), f > favg;
fmax - favg

Horh Py NREAIHER; fnaxs faves frnin 70 BOAFIRERTIROR S PN /NG N FEAR; f OB BEAT AL R AR
AMAHYE N BEAE; AL P = 0.9, Pep = 0.65, Psg = 0.35.

A TR ST
P - 0] __ﬁﬁﬁn)({;lj_ I12)’ f < faves
Pr _ avg Pmln P (27)
Pr2 _ (f — favg)( r2 — r?;)7 f > favg7
fmax - favg

Hrh PooNESEMER, A Py =0.1, Py = 0.05, P = 0.01.
B3 (26) AT (27) BTN, B3k I IS ROE A B 0T DUNR H i 8 R A 30 74 YA R RS A 2 A
Sy BONEE, 38 M ARG MR BB BOR IR R AT L B0, 38 N AR s (1) MR T I AL 4 1 (A %

1340



FERE FEERY: 48K 10

VUVSE /A T3 2 AR 3 K R A AR Ao A B 7y E IR AN, TGRS R AMAAN AL T — MRS,
VAR NS R PR R AL AR, 153 & R AL A

AR R R Y sy 128 HEAT SRR, e Je R Monte Carlo #54L (Monte Carlo simulation,
MCS) 29 5% XU GRS BEAT BEHLRARE, #58] M x Nyes FIHIMFERERE (M AR FERIBENL AR
BH Nucs AHIFERED, BmFEAEREREE « 51 (i = 1,2,..., Nues) FIHIEXHE A SEKR AR, it
FUGHH, K RAFH) DGs 3 U)BRE AR o Wy Gy o e 2 1 30 B2 LA D9 T T2 R F AR

PC L DR R Y P B AAOSR D R AN T (1) S ARUZ R [ an 80, M1 & 5L S5,
(2) Fo/NAE B SR A T AE AR 5 265 (3) I Monte Carlo X FHLAS S4TSR, SR SR8 Y £
PR R BARREUE, JHEbes BRI (4) bR R A ok B SR A SRS I AR R T &
S LR B2 HBR R (5) FIWTR i 2 12 1, 25 ANl R USRI BD IR 6, L 32D
R 7, (6) BBt OR ML AT IR . AR ) HCERAE, oA R AR, R R IR 3; (7) Hth
AL BRI 7T 5.

4 BHIRERDH
4.1 EHINE

ASCRFH 29 75 A1 1230 BRI X AR R B, BRI RSSOy 10 kV, EBRY 20 4, SIS kPR
YJIV22 — 3 x 240 mm?2, HHA 0.0985 Q/km, HEHLH 0.0881 Q/km, 5N 40 /7 /km, e KL E
4 6045 kVA, WFEZEA 0.16 K /4F km. & 015 s AL B ARARWIE] 5, 15 A 1 AR B A R B
EYR, AR DSM T A (19 A8, 21, 29) AT H I 6 e T s, AT SO E R . WTG IPIA
JTE ) RGE L A KGR SR N 3.5 m/s, 20 m/s, 14 m/s, IR HEECN 0.95; PVG HIEE IR 50 &
N 1000 W /m?; ffef 77 228X 0.1, Monte Carlo BEHUREAZCA 500. HABA LS Han T 233031 WTG
A PVG (4T 4y 9% H 40 A 0.34 J6/kW-h A1 0.21 JG/kW-h, WTG Hl PVG JBUR #MIE N
0.23 JG/kW-h, [A] b2 IR AR N 0.41 J6/kW-h, Fif AT A 0.58 J6/kW-h, WTG
PVG A 255 BT 75 B B9 9 43 0% 0.28 J37G/kW Al 0.31 Ji76/kW, WTG Fl PVG fIE3)
EI AN 0.08 76/kW-h, B A W7 G 1 5L L R TR A 3 1.00 I8 /KW -h.

S 7] 2 N 8 N b7 9 ) 9 s o T 7 e e Y e N ol L RV 129 T TP SN2
RIS REA. ASCEST— K 24 b (X e RS, LA 1 h 9B a)R] [, 2 51 SR
500 %, Ht R nT R G, SR AT IR T, D FRE R SEER T 50 IR, RS BRI
FEZ R (0.5 £ 0.1)%. BT AURSEREERR D, H B/ 8RR A0 S50 52 Ll

4.2 FRMEIBIEHERS ETHEC B R SRR BS54

KRATHEAFITE DGs A U8 A CRIRIRTEE T, 0T HE W 283047 Rk, Horb, 3955 6 A 26 3 WTG,
B 5N 270 kW FI 350 kW, 54 16 % PVG, BN RN 350 kW, i DG BiEZR N 20%.

RT3 e RN X T PR R SR RS, BETE 3 AT AT LA AT S 1 S HE SRR
T HEAE L, LS IR FEATL S R R SR B A A 2 B B e 7 2 X R SR A )
e, (H 325 FE IR AL ), A5 RS SR B, 7 & 3 6 I FE AN SR B 3 ) A 3 it BRI H
WIEAT AL e B S 3, I B 3 Rl AR FIRE M S BT RUR, 220080 20 73 dn B 6~8 BTV,
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Figure 5 Nodes coordinates

Figure 6 Optimal network architecture for active distri-
bution network of scheme 1

Distance (km)
Distance (km)

2
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7 REAE 2 WENBEMSRMELR 8 REAFE 3 WERMMRELR

Figure 7 Optimal network architecture for active distri-

Figure 8 Optimal network architecture of scheme 3
bution network of scheme 2

R LRRT 3 MR R FAHRTA. R 1R, TR 1 2 (NELES T Aty

% 3 /b 30.83 Jiool 16.64 Jiot, KUAHE TS EHMI M AR T R, TR 1 BIMNKELA T
ber & 2 /b 14.22 J5J6, R R FHRMAE G, WKL BAHE — DK 7R 2 AEREFERM
L BT DAL SR B AN 0, 7% 3 REME S EHEA, BTl DGs =208 B 9 ) & 75 SR 02 3
FRAIR 0. 7 1 ML L3 T o T . AR 3R 38/ N T &R 2 R0 3, IX SR B 25 LR 7 SR #L J 11
2 ) A HE T A 2% H AR B 9/ T R X P 2 A RE T T S B, TR 1 A 2 I L AR D
Bl DGs & HEE L, FHTFEIA LS RGN DGs O HI8ahEE 1, Bt RIS, DGs
BRSSP, 7R 1M 2 1 DGs BATYEY 3% A LU AT A REIR I BORAMIE I L T % 3 £,
F RIS BRI T AR N DGs KR, 8 BRTAN, SR 304 B it vl LS/ A Thilnke, A 7
F R E DGs SHHEC L I RRRAE T, 320 R G056 DGs I M HI 2 53E M A F1, T LAAS 30 56 41 0 4 28 J5
%, HE BT RMAEE G, WAMRI 7 Rt — 013 28 R4 Tt

K9 LEAL T 3 Al SRAER — 21N B 5 sl i IS AT I 00, AN 5 mUBIRE FC VR IR 5K Fi T e

1342



FERE FEERY: 48K 10

®1 3 MAKNGRZEXER

Table 1 The relevant expenses of three schemes

Ttem

Cost (10* yuan)

Scheme 1 Scheme 2 Scheme 3
Cinv line 69.00 71.08 74.28
Cinv,DG 33.14 33.14 33.14
Closs 11.50 12.21 16.15
Cen 1326.61 1352.62 1398.52
Com 106.04 98.76 74.23
Cam 29.51 27.83 0
Cpsm 15.14 0 0
Cu 84.84 75.32 59.39
Ctotal 1506.10 1520.32 1536.93
Ho %‘Scl‘len‘le 1 1.75 e ‘ ‘
—+— Scheme 2 —IPGA
05 —&— Scheme 3 170 PGA |

1.007

Ciar (yuan)
2
S

095F — - - -

Voltage amplitude (per unit)
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Figure 10 Comparison between the improved pertheno-
genetic algorithm and the basic pertheno-genetic algorithm
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Figure 9 The node voltages of three schemes
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Bilevel planning of active distribution networks considering demand-
side management and DG penetration

Xue LI, Weilu SHAN, Dajun DU" & Minrui FEI

Shanghai Key Laboratory of Power Station Automation Technology, School of Mechatronic Engineering and Au-
tomation, Shanghai University, Shanghai 200072, China
* Corresponding author. E-mail: ddj@i.shu.edu.cn

Abstract The integration of large-scale distributed generations (DGs) in power grids has enabled the move-
ment of the traditional distribution network toward the active distribution network. However, this transition
poses new challenges to the planning of distribution network frameworks under active management mode. The
proposed work addressed these challenges by proposing a bilevel planning model of active distribution network
frameworks with DGs that considers demand-side management. In the bilevel model, considering the influence
of DG penetration level and the installed capacity of wind turbine generator and photovoltaic generator on the
planning of distribution network, the upper distribution network planning model is established by taking lowest
annual comprehensive cost as the upper-level objective. Then, the lower level model optimized DG curtailment
and interruptible load shedding by accounting for the uncertainty of load and the intermittent DG output of
wind farms and photovoltaic generators. The above models were solved through an improved pertheno-genetic
algorithm and prime-dual interior point method. Finally, case studies were conducted on a 29-bus distribution
network. Simulation results showed that by considering demand-side management, the network framework scheme
and node voltage of the distribution network improved and the annual comprehensive cost decreased. By adjust-
ing the DG penetration and installment capacity proportion of the wind turbine generator , the network planning
scheme can be further optimized to minimize the annual comprehensive cost.

Keywords active distribution network, distributed generations, framework planning, bilevel planning, demand-
side management, DG penetration level
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