F£40%5 F78H
2020 £ 7 B

Vol.40 No.7
Jul. 2020

2 9 8 % RS

Electric Power Automation Equipment

ZE) SARREM Rl R A LRI

FRAY, BHM ML E F YRS
(1. kv AKX wA RS, LiE 200090;
2. BT A A RS T AL 310007
3. BNR AT R b ) A TR 8] B KRB R, i AL 310008)

FEZE 4T xt o W a9 B A HLR) 19, 32t T F AL AR VA BT A5 T LT BB B AT BB A R S T Uk At R
AR RFEREFEER A AR TEHERATHRSERE, AESRARZERTR AR IEERE R A
BR GBI ENERRADRII, T RINGEFEL R, AT % AR RASEHAEZBEARER, F %
B AR A A0 A 32 B AR BL A JF R CPLEX KA B 47 R AR, R3] M B RAER X T EARSH X W IR A4
REBOREBAM SR T, AL RAREME W AE,I0E T £ &7 UM IR 5 % 6945 3 o BT AR
R H R, O oHEREN, EBTIRPETIEAMFEHAELALSR RTAT ARG I ER

FoRIG TR Y MR AP — R F ST, R BIEATN R EE AR RRG A,
KR U A R W IRA LR R R S B AREER

hESES:TM 715

0 35l

R R AR RUBILAE A L s ) B
BEAILPEFNDE Sk, Bl HB 3 Aok s, KOt )
5507 i B R ] AN P X L TR ) 2 i R A RS
fitt BE & 22 M3 s i 1) A B0 R 22—

W R RE — AL W B AL RN G A e
VB R 5 RAGBE 40 e, | SUAit e & 48 — U0 mT DL AR
FE f B 25 0 A 1 TR0 B A i, 2 — P 409 i g
£33 NS OB el T iR TRIN 17) aW 2 € N S PR
ZEDVERI AT, B AR — A RIS MR, Be T
oty R R0 Bl o RE, far & & 5 A =X H U L
K AT AN A 2 P DR 22 P R T T Y
2 AR IR S AR AR AR R A o B

HRT, FT R R [ 8 A K st i e, %
PoAERT G 322255 S i vl I 18 O B2 R A7 =, T
FIRERE AL 31 2 25 LA K [RIIsf X6 22 it G2 A T I A 01
Rt SCHRLT TR X KUK IR B & H R G, [l i) 25 A
LI AT S B 4k 2 DL RO e e e 2 L S T
TRCHEL P 2 ) O A A 5 SRR 8 At %o v LA Pl 2
REVRHE A B A2 LIRS T X, R FH SR 2R3 X X 42
PEAT A3 X, DN TTTAS 2] X SR A AR5 5 28 5 SCIHRL9 4 i
TIRAMRE RGN IRZ T ik, 8L 7% IERUE
iRy sy S iR ey Wy R

0, 2 28 A SCHRAE X T S A R G ) P40 672 fp 2 2%
Y7 B #5:2020-01-28 ;&[5 H#A :2020-05-09
EEWB:BRAAAFALFHTAR(51777126)

Project supported by the National Natural Science Foundation
of China(51777126)

SRR RS : A

DOI:10.16081/j.epae.202007006

Pl iR RHEAT T IR AR . SCRR 4 )38 3 ey
S5 SRR A i T K SO BROR AR (WSH) |, AT 34 5]
PR I B A B S LAY SCRRL10 32 H 1 DL
Tt i BE R S8 0 A (9 3R I8 Ak iz A SR g 5 SCik
L1125 B AN TR i 25 98 T pig e, 42 Y 1 Bl R XU=
DAL EERE R . A SCAE F RS A JEA b, 85
feft 0 o W LA RE L T 2 Dty A S B4R 32,
I BLAER A AR 2% A 5 X LR AR RE R 2
SUAkRE

ARSCHE e I T H LGERE | al B G | T RS
Ffar LS SR B SRR R o SRS AR R
R HE ISR, 0 B SO i L tE AT 2 45K
Rt A B LR AR ST vk AR . R,
PAZEG AR | 2 T M BT U5 DE T JE de /N LA B2 KOG F
PR BT 24 e RO F RS R, T IR a8 A7 S AR
A 2 HARUACRER SR s B2 ek B0k 2
P TR 2 A Jl B B A 7Y 5 2R ] CPLEX K fige 45 1
FroR At e, LAt DX fcr I 0 ) 47 005 B, X
T %8 UARRE S AN )T SRR RE B RLRI TS 5 5
X IR IE AT ALY A3 BT, B T T A
T ERAS B 5 3 T 1 45 F s o8 500 IO 1) 22 P 2 X R
pUpIESIE A

1 - AERER MO R 1R EY

ARG UAERE AL B FUAERE | T 45 T fur
DL R 3R 4
1.1 AIEBHAT

AT R 7 g v DR AT 3 i sl a2 114 FH R T
PIAR R T S At R A 7 ik L o, SRS =X (1) i



® L/ AR {7 G-

%4045

2tra — Itra
Pl =% 0P

4ira .k Itra
Pl =% 0P

3 _ plia  _ p2ia dira
Pi‘d,m _Pi,d.s.z Pivzl,.sv1+Pi,z1,.\,1

s

*
xi,d,s,t sxi,(l,‘swl,max’ x[,d,s,t sxt,(l,s,t,umx

T T
*
z xi‘d,m_o’ 2 xi,ll,.svl_o (1)
t=1 t=1
e, en,

T T

4ira — 2tra
E Pi,d,x,t - § 'Pi.rl,.xvl
t=1 t=1

t:n:l =l t:rjz 5, sta? -
Gl =L s 1 end]
Hodi=1,2,-,m,m HW 8 A e=1,2, -, T, T
BB S Pl R e BB e s TR T L i AR d
A EERG A (Y TR s P2 Pon Ay R e B s
TR AR AT AR A DR A T e D B Y
s Pl RS g J e B s T A i Ab S d
FpAT 5 17 AT B D38 s e, e, 2300 R o B B 37
s 79 R AL o FhRT B RS A g e 3 Y L A
it~ K SRt P BEZ s T AT i AR5 d
Pl nT 56 RS 4ty SR VIR0 BTN B R EE A s e
O33R s s T 1 A AL ER d T RS A0 fer SR DR
A HETETIS BE 6% a5 ona 7390 A AT SRV D
I B IR R BEITZ, 015 ot g 23 90 AT SO
VERG I B bf R BT .
1.2 TwTHLE AT

A sk 71 g 2D 1 FH R S T AR R ) SUA RE 1Y
i HR T, HAR AL A= (2) s
P =Y Pl
Pl =P PR
Yivawst S¥iars,toman
z Yiani =0

t(lim _[ tdim t(lim
iva,s — LVYia,s,sta% Vi a,s, end

Horp, plim Sy B s R W AR o FhAT )
Ffar (Y L35 P2 Sy o B BES s B A i AL S o B
AT B 70 Ao 110D B4 K5 PRt Sk s £ A i e B B
Yt s 0 5 i A0SR o FPRT HISA A O T R 5y, A e
I EE 5 s N9 A5 0 AL o b AT I U A7 AT A I 06 L
B 5y, 0o 0 EIFBESG S s T A 85 0 AL 55 o Fh ] 190
B o4 U B e R L) 5 ot A s R AL
55 o BIIT 09857 07 SRV I B B e e LY
SR AT DR 67 SRR D B AR G R R
1.3 HBIHMKRE

CE Vi T2 5 47 S BB L S Ui 4 )
P DX F— R PTG R B . F Bl PR ARG N
ok 2 1) 70 FL A T LARIR T A R I T R e, A

RN ) FR .
PRz, P

0,851

AEV _ _* EV, ch
P =z, P

T T
*
z ,zi.s.r_o’ E zi,s,z_o
=1 =1
ity el

T T

2EV _ 4EV
§ ,Pi.s,r - E Pi.s.r
=1 =1

3LV _ pEV,ch _ 2EV 4EV
Pi,&,I_Pi,&,r Pi,s,z+P'

i, 8,1

(3)

2 S 2 mas Biost SZ g max

EV _1 ;EV LEV FEV [ BV FEV

4 _[tsla’tem]]’ l _[tsta ’teml]
EV,ch pEV,dis _

Pi.s,r Pi,x,r _0

_ P3EV EV, dis
PE\'.i..v.t _Pi..s-,t _Pi..s-,t
EV, ch EV EV, dis EV
OSPi..s.t( <Pz}l\’ OSPi.A.;HSPi,I\

b PEC PR o300y o i Bt s TR Y A i A L B
PR B TR ORI PI O o I BE S s T 1T AL
Ak B BRI B ST T A P D e I B s T
T i A L SR R R TR I FERL A P A
Mo s R R SN A 52, a2, 20 O o B B
Yyt s T AL AL AL SR ST R TR I L
B0 32, 1 1 s 2o T £ I B 50 s TR 1 A AL HL B
ST ALV SRR L5 Py M
B s T AL B SRS TEROR IR
1 I3 S R LR TS L R SR VR I D B
I BE 5 08 oo 23 0 0 WL SIS SR Z) R SRRl A g
Berietn ORI Z 50 ooy 73 s e
DLV e Beryie if R BT Z1 5 PEY D919 A i Ak
FE R A BE TR TR

1.4 ERihfiEse

LB BE R A b AR AN (4) B

Sesieie1 =(170)Sys oo + Py ALY,
Sesiveier =(170) Sys i = P Atymy
P..Pyi..=0
Pisii=Poii=Pois.
r
2 Pisini =0 W
=1
0<P, ;. <Py
0<P, .. <P
0<Ses.ivi SSesiin

Forp, Sy A RFBE s R A AL E R AT
56 N R A A RORRCR P, P 200
Belpsm s A AL E MBI TSR ORI ARG Py
e Bzt s T LA B AL Y 2R ST 2D
m ., BN E ML ST R RO A, A g
0l 0 R A FE R LR ] 5 Py, O FELTLL RO
SE TERCHL IR 5 Sy, M A AL R A U A 6



%7

BN, G TG U RE B R RIS ML ®

2 pmikiE

TE 55 B 5 B 7593 28 [ XL OGAR DL 7 e
BB PR RN G . AR SCH AT S iy AR
AN 22 PO HT RE VR & R A A B ) B e, LS R
i 5 3 AR SRR A AT AR Ry ) S peg . AR SO
H ' Sy fh 26, R SPSS 8 i ik 47 B2 Hr
Tl FEL PO 7 32 A 7 B 5 Sl R F ) A AR, R T
TR IE N G Aar U B, DR AR SCHE B DL 4 A4S FR At
T2 RIS, 53 24l R 2 45 DL K AN 5 4R
X R BABE R . SR 5 e AR L SR B s AR v e B — A H
I SCAR S e KAB 7K AR M 55, DL
SR MERIE MR B R R R
365 ™32 17 4 5t e B RTE Mk vk 4 R LA AR Rk
Yrst.

(1) HT™ i KAA

PC: =max { P™) (5)
Horp Py e B H T SUBeg 5 PSE A H T S far
SN

(2) RIEMERR K

R EA T M H R A I R R
IR BT LR PR BR N AL 5 2 45 ] B s AL,
= (6) A (TR b, A SCrE R 72 o Bk
B s Ta] ]RUBE A 15 min

D,y =max { P71, = P (6)
Dy =| min { P = PP | (7)

HH D i Do 73— RN A 1] L o)
T R 3 Bl A e KA
(3) H ™ SLA7 oy 9 2 A% Sl 1
H ™ SCAR T () RS A4 U1 2 MR (B 25 52 M F 38 1 7
Y2 AR SORE B AR o R 14 T 2250 R 3R
Kfabrz—, = (8) Fir .
Z,(PFL -Pyy

D= 8
T (8)

Hodr, D,k — KT SCSAAar 8 38 A% B R AE 5 PS-
KHTT AR

(4) B SCAR T 0% Bh AR o

ASCFH W (B AN R 4 T b 48 3 T S A7 AT 1) 38 B 7R
JE L, MR AL T 2R R sh £k, x 2 Fh
Ty 3338k s i 2 1 B A4 0% Bl i T BB AR ], (ELZ: %) R
TEPETR SR A BT AR AN o R e SR 2t
Frp s I B T S sh A, X (9) B .

Nz Vo, 9)
=1

GL GL u GL GL down
N, = L PR =P > P AP =PI > P (10)

"o HiA

Py :Pept‘(Rup. "4 R+ Py + P.xz.F;V -

GL
PE\'..s.t_PES..v,t_Pt ) (11)
Pdown :p (Rdown.MT +Rdnwn.F5 +P4tra +P4EV +
wave epf sot syt
GL
PE\'..s.t +PES..\',£ +Pt )

Horfr N 0 BT SO BB B 5 N,,,, 9 FI T H
I S R AE AR SR I B 3l e 75 A 8 3 14
B i 1 S s 1| I/ B SN A S S @ 84
Bl S8 (AR T I s SHE I T — A
BB 5 p o HA BN AP T3 5 P o Py
O350k o E B 5 s T TAT R M AY 25 ST L I
A BN LR G SR IR Py IV BE
Yyt s U0 n] 5 R 07 Ay Bl s 64 9 TR
P S o B B s N MR Al B AR G s 2 R
PP i o Ik Bt s T Rl K
L FE L DA R RS 3 ) Ry SRR LY
LGSR T L AT L AR RN R S35 A
AR PR T TEHE A |3 v b 1) T P

3 MRER

AN B FLAN A 75 3 S5 0 A ) 42 R3]
T3 58 VA BB E AL DGR XBLFI i BE B e 042
UNA-RSESS o
3.1 BHREH

FRRIAERY DL 255 A d5c /) L R PR B A DE i
JE fe/ INUA B AO G FL I T 40 e K B
3.1.1 ZEARA

LEE A AL IR B AP0 A 9 4T IU(EL | 4F i 4
P UA K AR R H B, 235 A B/
1) H bR R EL an =8 (12) s

. r,(1+r,)
min C,,=———
(1+r,) -1
O +0y +0,, + 0+ 0, (12)

Hr, €y AERE A5 C i Coy o Cyp Cyp Cos 735 H
A% DCIRPLA R ALA AR AP & Ak
RE AL BT A 5 04y Or Oy O 7350 R OGARBLAL |
UL HLZH GEORR AR PIL 35 P A B 1) 4B JRAS
r, TR O, N 5 E A DR B AR S
AT B A B

(1) B BT AR
Coi =71/D iquond
Cry =0,Cry S, py
Cyr =p:Cy1 S, wr (13)
C

_ .
wr =@, CypS; i

(CDisl + CPV + CWT + CMT + CES)+

Cis =W,CisS, s

Forpr oy BT 55057 0 2 A OO i i IR
AR O T 0-1 248 B IUE D 0 27819 s AL JE



152 L/ AR {7 G-

%4045

BRI BUE R 1 1 A B L D, oY
SNSRI ] E’J%‘%%J&TM C s HER B BT
HYERBERA 38, w0, W ) ‘Ji‘%ﬂ‘ﬁ M TR
fﬁ{jﬁﬂﬂﬂ KU ML T R R S FR AL LA S &5 H it i

fit, o TR 0-1 A8 5 BUE A 0 T S b T8 H
@&% BUE N 1R A BT R 5 Coy Crr
Crn s Crs 730 HCARBLLL R EHLA MFUW‘ L.
& L A BE A R B BT AN 5 S, b Sewr s Sirs
Sons 2B B AR YR AL R HLAL TR R
KoM E LML RE Y e A A

(2) B #4 BY iz 4k AR .

n m T
Oy =3650y (Ps EZPPV,i.s.l)
=1 =1 =1
n m T
Oy =3650y, (Ps ZZPWT.I',XJ)
=1 i=1 =1
2 m T
0y =365(0y; +C.,,) Z(px ZZPWM)
i=11=1

s=1

0,0=365(0; + ) 2[ Zi }

Hr 05y O30 O O 530 R AR BLAL AL HLA
Mﬁ”ﬁﬁ‘—ﬁ"ﬂ & A RE AL L B 4R 5 C,
Ry R BR S FSHL ) A HL e A L3R sk M E HL
ﬁ% E’J%hiﬁiﬁﬁi%ﬁii‘,va,m,l\ W’T,i,s,t‘PMT,i,s,t
SR e B R s R A EARPLA XL LA |
TR FE LI K HL %R 5 p, Mgt s MR s n R 6
Ykl

()5 EMIRAZ T .
om=365’2[103ii(c&,m,.Pi,.,i_.,.,—

i=11t=1

(14)

c. L.(,MP(,M,,-,‘,.,L>}15>

Hrrp, R BB e s TR T AN i Ak T
ok mtﬂw’zﬁﬁﬂﬂﬁmi C.rinnCoron 5390 R 1 B B 37
Sos NI EEEM%O
Poici=Poiini=Pinisi
P P =0 (16)
Ho, P, e BB s TR S AR S
mxﬁwﬁ
3.1.2 REBRFTRGEERAZZ

R ’ﬁ?‘/ﬁ($ihfx% BN RAEPEGEIR,
HARSE a5 o H LR RE A Sy %) 57 LA far
Z 18] DT e B2 ] DA ph 3 D A 22 3 2 9 i sl e 2
SR, W AR LB D] DC e JRE vy B R T A

WIS AT 24 R o R T IR AN VC LR e /NI
H AR eRECH -
min £}, _i|:p Z\P - pr \}(17)

oo, o TR IR VS LI 5 P ok o Be
BRI LB B SRR K 22 (P,

P P Y5 R s s T YR ZE A B R AR e/
{H P E.
313 RAGRGHMNE
IR HEL TR 4 T 240 e K s RSO -
maXR(_=3652|: 22 i T P )} (18)

Hodr R RO HL IR T A 1
32 AREH

(1) 2 P& A ICIE T 2 B, PR TR FRL 19 Hh A RS
R

()M I A A BRI
2H DL R AR S EE ALY Hh AR 2 N T A UE T .

()WL . T IR i e 7 R R e ok
i A I G bR R, P LA S 0 A T 3 249 T st B —
B AT =X AT DA 4 F R ) CPLEX #E47K
fiff o ARSI 20 R

P;M + QZH <@ Vi (19)

Hrb, Py Q. A5 BB e s T AL ST AL
Z A5 WA D) TCH T2 s, oA HL T W 14 °F
T3V M RIRIE R J7 .

(4)BRLE LM 28 HY)RL R,

0<| P |<P o (20)
Hop P e 5 S R 2 ] i R R
DIES
(5) % IR H
(21)
Forr, Py W G 2 BRI
(6)FRFNLLAH,

XFF 7 KR A BRI AR5 2018 4 IS B &K &
R | KRB R ED & G T RE IR S A T s
] (2018 —20204F) ) , A SCKs 57 KU PR 7E 10 % LA
N, FEERIREIE S % IN . BARAFRIT

TyrSyr 3652( ZZP\XI )
- —1=1 <10%
Twr WTm ) (22)
Ty Siv 3652( ZZPM,,)
oy =1 <5%
ToySpy

Ho, 7z 230 5 UL BLAE B AR BLAL A9 A1 /)N
IFH; Str Sy 200 A AU AILZE DGARPLEE B B A

(IR IBAT LR s R 7 T 0 5 I 65X
N HREL G R A LA ST 2 AR 1 I A
IBATI, R AT B R RGPETIE, Br AA SR
% JE R R s AT A 20 RIS 203, an=(23)
PR



%7

BN, G TG U RE B R RIS ML &

Pyr o= Pusi— Py, +P.3.FEV +Pg ., Zmax { Pf’l:}
(R™M +R™™)At+ Py, +P™ =P, =Py ,>
max ( P, =P (23)
(R“™M 4+ RO™MSYA 4+ P + PRV 4+ Py + P, 2
max { Py =P}
Hodr, Py PO Rk e B e s TR BT AT AL
AR SECHLAY TR Z RN T S faf AT R 2 L
3.3 KREEFHIE
A SCHEST WA R 22 H AR iR A R 8 etk
BRL PR S A B O AR SR 2, Horpy,
St @, W, BT 0=175 1, S, 1y SiwrsSeursSens Nk
SRS, SR ISR R BE PR A 2 H AR L AE Ry
H s Al el 125 B s Z 81 ERALF 5 ) AN G —
Bl 7 KGR A F AR L L R B
OMET HHR R, 5 B ENZ L AUR Tk rl 17 i
PIVER MO S 5ERR R, A5 i B iR
G R LR R R HT R B CPLEX #E473K /%
B S AR 7 X R A R e AR AT A TR . H AR
BRSNS IO A SR Jis B pR RSN T
1 Cmtal S Ctmal. min
Cmtal,min +B(Jmlc'ntal.n\in = Ca
B, Coal.win (24)
Cmml, win < Croa < CmmL win B, Cmml‘ min
0 Ciir>Cratomin +Be,, Cronat. i

total

1 S <ficomin
f dis, min +ﬁf(“\ f:lis‘ min _fdm

B/d,\ Saisomin (25)

Siioomin <Saie S ioonin ¥ By, Siieomin

0 fiie>Saieomin By, e min
0 R.<R.,..=BrR. .
R, ~(R. . =Br R )

B Re. (26)

R =B Reis SR SR,

I R>R,,.
Ho, w(Coa) s i (i) (R G35 R £ 5 WUA R
P PR AN DT IC B2 LA e KON v TR 94 5 A i O
Catmin> S mins R A 3 FUAR BRECH) SR AR, 73
BICER T 255 AR B BRIS fe/IMEL R PR BT A DL
PiC R ) BRI R/ ML X' H T 2 ) B i R 5
BCW N B/L.w \BR'_ y‘:’ ‘;’%TJ}TE , Xd‘ﬁ:‘/‘ B/‘J Bcwcu,ml, min :3/;.,> f dis, min
B R W3 5 R R AR B A B TT P LR
BAS FCVFIE A (EL | 52 T35 PE B U5 DR IR JRE Ao v/F 1
B X' PR ST 44 3 A e VD A

XF 3 A B R AT A AL B, A5 2 40 R ML

/‘L (Cmtul) =

r(R.)=

AL .
max pu, =ac | m(C o)+ b/.,,) m(fu)+ Cr, m(R.)

sit. a, +b, +c, =1
Cot = P R (27)

Ho,ae by e 5375 TRERG AR RIS TEGEIR
D PR RO H VS 49 RE ) R, A SR R AL
TRUOSREUEAS BARIIALE s H (x)=0.G (x) <0435 0
P LR N DR W N e e 7
3.4 KRBSR

SRAFA SO AL () HARE TR ANR

(U AHT—4F ] SR far 4 7 5 550805 5

(2) AR 56 2 1 TR AR An Xt H ™ S oy i 2k i
T4 B2 A5 3] LA A 37 5 5 RN MR

) FERH MR s h ik £ H ) U kb T
SEBIARCE BAR R M 55, I FHOG R S 37 5 4 ) A
NS AR

(4) B AR = M RACA 2 B AR
PR

(5)% Z H b 7 5 Ak o0 i1 B A SR 8 JE R 8L
B

(6) P55 8 1 PR AU RIS LR 7 %8, B Ry 4
Y R AR 7 %

4 BB

AR 35 FH R M DXARG Bl R D Ay 61 e BT 2 T
A BRI %, TR I T 25 R DL R SR A R
A1 B oy A 2 TR A% RE Y 25 R LR S A R
F AT BB RUAS I3 YE 2 LB SR A R R
A2V E I 3B E A UL S A R A3 ffe IR
T2 LR SR B

A5 T SRR 1 TR SR R 90 %, F I FRL AR
R 2 % ; AT FERS AT 5 HE A 30 %, AT IR B AT e
H 10 %, FeF ] R R 5 AT I f K T N
50 % , B Bl 4 19 78 FL D R 2 W 585 50 % ; 1 far F2
VR B I BE A 10:00 — 13:00 L) A% 18:00—21:00,
71T S8 B I B% I B A 02:00 — 05:00 5 B8 %11 W BR
5 a, MG Z R 5 % , 7 far 19 Dl 238 L EUICH 0.95,
etk 5 R LA 8 F1] 7N 2805351 R 900 .1 600 h;
% BE 7F 97 46 B 2] 11 70 % HL 10 50 % 5 FT IR B

‘‘‘‘‘

FBCRAT I8 SUAERERS A 2 LA 7 % 5 R
e Al 2> 22 D BE AR A AL B 1S 0 T 88028 o5 — A % Py
JBE AR5 08 SURRBE B9 ERL b LB T A MR J7 S8 1Y
ZUFE  RIEPES T 98 hE

K AN R AT R 330 8 50 He AR 2 YA 2
RPN FHEA ), 57 IR 4 R B2 A TR, A



® L/ AR {7 G-

%4045

MR 7 S 2 A TR AR S LR AN R A
RO AP T o L B U, B A ) 7 S An T 1 R
71 (P R E AR eRBE AR 26D o T I H AR s
FAGPETHR A A DT ECEE 5 KOG R IR BT AN B = FL
WHE , BT LLAE R R J7 58 69 FE B M v 5 A RS A
MRS KOCTH A b, Horh RIEHIPAL SR IR 2%
SCHRL20 ), KOETH A Fa bR 9 HAA L SCULR 5% C.o

1.2 1

0.857 848518

g 0.8 0.763446 762 0601822 173

E 0.4 032 04 s i

T 003 0.04 0.045 0.06

0
10 30 50 60
HYNHBWENE I / %
mm AR, o P REMS AR, e KOG AR

Bl ARAMINZEKNE D LEFNITT RS
Fig.1 Comparison of planning schemes with different

effective power fluctuation percentages

ISR ICIF S Cp @V oI NE R oy 2 A N2 2
RAS R 5, 387 B9 R TG P o o PR R A R i
TR Hp i R T SR A A /NI B T T 4 e U ) 4 B
K GBAT A R, AT 22 5 TR, e IR ) T 40
Rl A N T g v N Y e e R N LRSS
A48 Y 2 ML 1 IR 224 1 59 2 R 1) 3
I, WGZE AT RIE AR R . M p,, > 50 % B, ]
5 Y55 B RE R ) B LA LT RN AR AL T AN R
FrRJLFEAAS

ZEA 5 A ORI A 2 B B AT R P
DL T REIR T AN AR 1, T 3C A p,, = 50 % R BilX L
SIPTANEE LT LRI T % . s ARG R E 2
7R, B8 3705 4 DL RRE S D, 3 5 1 — 5 X W MR
9% 22% 36 % .21 % 12 %, ANFEET XAiE
AE5 % 8T SURBRE I A RS Jr 28 LI K 2 Fp &l O 6
PIPFAL FE BRXT o3 an e 1 fge 2 o .

XF G 2 RPN T S v AL, Bl AT U REZ R, R
6 PEAS AR SR AE 2 1] 389 BP0y, S I )
RIEHEA &, X EE N E R AT SR ES
5T A B RE IR T A R 1A T T X R
KT SUREREIR IS T JRAS R RE S AN BT e VR T L 2%

|
el e e

334352:--12 1325 27 --- 271273 284301313 321 327 330--- 187213 218 232--- 92 103 -+

B2 RELER
Fig.2 Clustering results

R EREARZET XEREREI MK EITLL
Table 1 Comparison of planning schemes between

with and without considering generalized energy storage

AR SUkRE T U AkRE
W& ML LR/ AL ENLAE R/

REPSS kW RS kW

TR FE AL 14 30 14 15

SEARBLL 16 15 15 10

ML 19 20 18 10

E L i hE 18 20 18 12
TR B 15-16,14-17 14-17

K2 EEREAREERI XEEMBZFRARIERXTLL
Table 2 Comparison of economic and technical indexes
between with and without considering generalized

energy storage

RIGPEVEE RORRIE  RIGTEA L

. ZAe
BEEE P

RO WA/ RN/ WA/, BR/% 0
Jigt (MW-h) (MW-h) jaF [mF

& 62.19 22.80 87.12 13 9 027

S 27.82 17.45 74.32 4 5 043

fife T P BREE SE s T 2 RIAE AT R R AR 0T, &80
PEA B, 302 R A 22 3 PR B R A 14 Tk /D T 4y
A7 3 R R A AL o TR ISF sk 2D T i ) 0 iy s B Y
WAL

AT LA 37 5 R o I B IR B A TR O, DA
UG UEA SO RS R f A 5 . RN T By ks
frh e W D E D1 —D5, f a5, 1 X
fr B e B R 103.8 kW, HH e 50 3 H Y 18:15 A
Z , GBS FCRRL DX T A R ) P R e i
KA EAE 5 1 Y 17:30— 17:45 B BE, T~ X7
i T 32.6 kW, flRUIR S FE ML RN R 39 P B8 U 5F
4] DL R e B ) B fr K 5 TR A e KA B
TE R 3 Ty 12:00— 12:15 B B, ) AR faf i/ 1
21.1 kW, SRR EE AL A SR 3 M 0 U5 AT DA G o Jt st
) 7 ey 2L 5 0 sl R B s R BRAE S 5 1, Tl M
i 7K 32 ) A Aar )% SRR B 5 8 S IR B 2l 29
W, BRI 1, Sl D A 1 59 RE ST RE BT T X
ey AU BIARIR o 5 L, TR I BB 45 3 5 T s A2
PN IBAT R EBH T A SCT RS (4 A5 30 o

FE ALK 32 R P 42 5 BOR [) 5) 2 Uh 75 30 () #0
RI4E Wbl 2 AR, HARZE R UM st Eh R EL, 7
S6 L RPNV SIS N6 1 0 Z WM 0.3 AN AR,
W 275 A I Z U B2 T =5 310 0.5, e BRI 285 S vl A,
Bt AR 38, RGEE B2 BT TN RE S A R
TR ARG RRREE B A SIH AN RE T () Z A
A B AN VG IR 9 22 i B T 310 0.5, H B R Oy &2 ]
LB RIEER T R LR A AR B AT I T 4 Re
JIREEA T B s fe e, DR F LR G A SN IL BE B 1Y) 22
PR K IE AN BE T 09 Z P B TR 3 0.5, Fr R R
LR JHANRE ) T BRI AR DL T B R



%7

A A P )T SCRERE R R IR A L) &

RIGVEILT- B 28 25 b nl L, BRSEE A I Ak
AR 2 TPl w] LA SRAS AR 4 19 2235 1 55 1 4H e
T3 s AR, P R PERNTH 40 BE ) BB BT He
T

5 ZFitERE

RS IERDGAR KL LA S B I e AR G
A A S LRI 2 5 AT 9E . 1Y)
SRR F AR R Bh S22 i T RSP AR
LT RIS S AE R WIAE R )
SCAE B AT RUAE — %E B JBE L P-4 SC6 Ay il 2K A 38
gy, 4 i ol WA SR A 5 ) SCRERE B A RT LD
D — R BB FIS AT S, B2 T RE R BT N
K R —E R R IR i 5 15— E R L ORIIE
FAG TR AN E T A3 BRI T S A 2 45 PR
Kt Z AT

I SRR RE S SR RERH LU AT TR KA 22 TR0
{H52 HT R AT RS2 MR RR, X ) SCRERE AY I 4% BE
T AT o A A R AR il S
5 2R GE P RAGTEBTI ST I RN 56, A SCAE R
HASUAK T OB, AT 2 TR B DRI G 2R e
TRt — 2 B BB

P S LA ) W 25 18 (http : / www.epae.cn) o
S0k

[ 1] o, Bl gk 55 JET AR R AR i KU MLZEL AR L T

FRAETIR SRR EELT ] Uy A k4, 2015,35(12) 1 1-
10,20.
YANG Di, CHENG Haozhong, MA Zifeng, et al. Analysis and
prospect of LVRT improvement based on energy storage tech-
nology for wind turbine generator system[]]. Electric Power
Automation Equipment,2015,35(12):1-10,20.

[2] WANG D X,MENG K,GAO X D,et al. Coordinated dispatch
of virtual energy storage systems in LV grids for voltage
regulation[ﬂ. IEEE Transactions on Industrial Informatics,
2018, 14(6) :2452-2462.

[3] BAO Z J,ZHOU Q,YANG Z H,et al. A multi time-scale
and multi energy-type coordinated microgrid scheduling solu-
tion-part I:model and methodology[J]. IEEE Transactions on
Power Systems,2015,30(5):2257-2266.

[ 4] FEBER, 0, BURR, A5 T35 RN F5024 M) 17 (14~ i ) 45

R AaF A S i SR [T ). M RS A 34k, 2017,41(4)

69-71.

WANG Jingbiao, PENG Jian, DUAN Juanfeng, et al. Control

strategy for suppressing power fluctuation of equivalent load

in microgrids based on demand-side reservation and response

[J]. Automation of Electric Power Systems,2017,41(4) :69-77.

S R R e AR WA WA N )5 1V N R A

BA71I]. W1 A3k #,2016,36(10) :45-50, 59.

CHEN Wei. Optimal operation of virtual power plant with

—
wn
[

electric vehicles and distributed wind farms [J]. Electric Po-
wer Automation Equipment,2016,36(10):45-50,59.
[ 6] g, Bk, SHA A, 5. 4 24 Jm PRt de 2 BUBF 98 AR

Lk ——RoB M 51217 ()], RRAEAR, 2019,43(4)
1465-1471.

LI Hongzhong, LU Menglin, HU Liexiang, et al. Review of
CIRED 2017 on microgrid planning and operation[J]. Power
System Technology,2019,43(4):1465-1471.

(7] Bk, o 5208, 48 B aert T KU - KIS R TR
ML R ST T LRI (D], ey B S B4, 2014, 34(3)
47-51.

LI Cunbin, CHANG Hao, FENG Xia, et al. Expansion plan-
ning of wind-thermal co-generation system in microgrid[J].
Electric Power Automation Equipment,2014,34(3):47-51.

[ 8] Zeskni, okdf, ERME . & LGl n] B RRIEA M HIR A
TCHL I R 2R LRI [T / OL]. WL R AR . (2019-03-06) [2019-
12-21]. https://doi.org / 10.13335 / j.1000-3673.pst.2018.2340.

[ 9] Z=3E Bt Phal, 45 . ol iR S Al AR R G LS AT —

PRAEBCE L) ] RN S50, 2019,36(3) : 453-460.
LI Fei, LI Canbing, SUN Kai, et al. Integrated planning and
operation method of hybrid energy storage system in microgrid
[J]. Control Theory & Applications,2019,36(3):453-460.

[10] b=, B ROAT, MR . T it il B AR 58 3 25 08 B2 19 7

ML Z Hiris 704 [J]. 1 3 s b4, 2014, 34(6)
114-121.
ZHONG Yufeng, HUANG Minxiang, YE Chengjin. Multi-objec-
tive optimization of microgrid operation based on dynamic dis-
patch of battery energy storage system[J]. Electric Power Au-
tomation Equipment,2014,34(6):114-121.

(U] Bt , sRARA, SRR, 5 . 25 JEAN [7) 2 8 SR T e 1 A Bl P X )22

PEATHRELT]. WA ,2018,42(5) : 1424-1431.
CHEN Jian,ZHANG Weitong, ZHANG Yicheng, et al. Bi-level
optimal dispatch of microgrid considering different air-condi-
tioning load characteristics[J]. Power System Technology,2018,
42(5):1424-1431.

[12] ®OHOH, B2 500, 55 He PO ST R R R M) S fif

Fo A b a4 K H R I ]. /1y A 3 Ak 4%, 2016,36(3)
115-123.
CHU Zhuangzhuang, LIANG Jun,ZHANG Xu, et al. Modeling
of generalized load steady-state characteristics based on affinity
propagation clustering algorithm and its application[J]. Elec-
tric Power Automation Equipment,2016,36(3):115-123.

[13] W50, ZeHfF  Fhai s, 55 . JE T IR EE Y 2 RIAR Al

BRI RE K R TR or 605 )], R BRES 4, 2017, 38
(11):3067-3076.
ZENG Naihui, YUAN Yanping,SUN Liangliang, et al. Meteoro-
logical classification of air source heat pump assisted solar
water heating system based on clustering analysis[J]. Acta
Energiae Solaris Sinica,2017,38(11):3067-3076.

[14] TG, 2200, BXGE, 5. B RGEL AN B RGPS AR
FELT). L1, 2016,37(2) :57-62.

WANG Peng, LI Hongzhong, LU Fenglei,et al. Multi-time scale
flexible indices of power system[J]. Electric Power Construc-
tion,2016,37(2) :57-62.

[15] 28, Byt , BT 2%, 55 % IS A 19 26 FAL i S e s I 1

izt )], T ARZ4],2019,34(18) :3909-3919.
LI Chao, MIAO Shihong, SHENG Wanxing, et al. Optimization
operation strategy of active distribution network considering
dynamic network reconfiguration[J]. Transactions of China Elec-
trotechnical Society,2019,34(18):3909-3919.

[16] AREI, #Srfh, xR 55,45 . FETHIM] CVaR BUSHY K KL R 5L

BEALIA B 2 B AR DL AR LT ], R 2016, 40(5) : 1447-
1454.
DENG Chuang, JU Liwei, LIU Junyong,et al. Stochastic sche-
duling multi-objective optimization model for hydro-thermal
power systems based on fuzzy CVaR theory[J]. Power Sys-
tem Technology,2016,40(5) :1447-1454.



& L/ AR {7 G-

%4045

[17] E R, Pheel, 22 50, 5 . ol I 28 BRI & W T B vk A 5T
(], BT R4, 2013,33(4) :8-15.
WANG Chengshan, SUN Chongbo, PENG Ke, et al. Study on
AC-DC hybrid power flow algorithm for microgrid[J]. Procee-
dings of the CSEE,2013,33(4):8-15.

[18] #7752l , EAL, 55 . S BKOCAE T N R G 25 i AL G
[J]. W A sl ,2015,35(10) : 37-44.
YANG Qing, YUAN Yue, WANG Min,et al. Optimal capacity
configuration of standalone hydro-photovoltaic-storage microgrid
[J]. Electric Power Automation Equipment,2015,35(10):37—44.

LU Zongxiang, LI Haibo, QIAO Ying. Flexibility evaluation
and supply / demand balance principle of power system with
high-penetration renewable electricity[J]. Proceedings of the
CSEE,2017,37(1) :9-20.

ZEEMN(1977—), B, h R EH A, S
HIL W AR A TR AR A w Y
g Bl P T S5 PR IRAE R ALK (R A AR A
%% (E-mail : lhz_ab@263.net) ;

[19

[l

G R HR KOG, S L F2 sl R A R R KUY
WKL ], H s Z 58 A 3k, 2018,42(15) :39-46,93.
GAO Peng,CHEN Hongkun,ZHANG Guangya,et al. Planning

of wind turbine generators for high-penetration wind power ac-

B HK (1995 —), 4, it R HIm A, AR
AR A B R T e A T B AR
T ol B LR 5 33 47 (E-mail ;
843220548@qq.com) ;

20 (1960 —) , F , dfim A M AL, 2
BB HE AN, HFR T e ke MR 5 &% % 2 (E-mail :

hu_liexiang@zj.sgcc.com.cn) o

FRAP

commodation in active distribution network[J]. Automation of
Electric Power Systems,2018,42(15):39-46,93.

[20] Eo%H, 2200k, T . L ml 1A R ST I By i ) R EE R
WGP 5L ], T E AR AL TR, 2017,37(1)
9-20. (4mig 1)

Joint planning of microgrid considering generalized energy storage
LI Hongzhong', LU Menglin',HU Liexiang’, WANG Lei’,HU Zhesheng’
(1. School of Electrical Engineering,Shanghai University of Electric Power,Shanghai 200090, China;
2. State Grid Zhejiang Electric Power Co.,Ltd., Hangzhou 310007, China;

3. Economic and Technological Research Institute of State Grid Zhejiang Electric Power Co.,Ltd., Hangzhou 310008, China)
Abstract:In order to solve the joint planning problem of microgrid,the response models of generalized ener-
gy storage,such as conventional energy storage, transferrable load, diminishable load, electric vehicles,and so
on, are proposed. According to the flexibility demand,the multi-dimensional scene clustering is carried out
for the daily generalized load curve. A multi-objective mixed integer nonlinear programming model is estab-
lished with the minimum comprehensive cost, the minimum mismatching degree of flexible resources and
the maximum consumption of wind / photovoltaic power as the objective function,and considering the cons-
traints of island operation. The multi-objective model is transformed into a single-objective model and
solved by CPLEX solver,so as to obtain the optimal erection scheme of network and the optimal access loca-
tion and capacity of the distributed generation and energy storage device. A regional microgrid is taken as
the example to verify the practicality of the proposed model and the advantage of considering generalized
energy storage in microgrid planning. The example results show that the controllable load and electric vehicles
are involved in the load regulation in the operation process, so that the flexible resources of microgrid
increases, the investment of primary equipment decreases in the planning process,the operation flexibility is
improved,and the consumption of clean energy is promoted.

Key words: generalized energy storage ; microgrid;joint planning;scene clustering;multi-objective model
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Table Al Data of equipment in microgrid
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Table A2 Investment and operation cost of equipment
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