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Fig.l1 Multivariate load collaborative optimization
framework of transformer district based on

shared energy storage

FEFLP L, P a] IR €5 DX ] e A Y
RN AN N NN L T VAS S Y S L e
EOURA I T AR, RLEE S T A e {1
o B bR, BT L B w AL AR BE ST R DR . A
£ DX, 2 e T 5 DX B DGR Hh ) T £
36, KA I ELAN FIAE REREL BT AN K, JFARE - ARG
PR B S el , 2545 6 XA oA sCRL IR g (e
FIH P ARG, DL 2 DR 2 5 L A B

e 55 T4 5 AR Ve B 97 457 25 D H Bt AT 5 XA o
2 ARXEZTAFHERMAUEER

B £ DX PN 8 P 530k N, 45 36 RV R 240,
B4 3K 96 A B, Bk Al 18] B Ae=15 min, R4 61
WT=(1,2,-,96},
2.1 BAPMR R

1) HbrerZi.

FH P LLZE A A B /Ny B b, B b oR B0RT 3
IRA

min F;=c,(p})+e (p)+ui™(p,) (1)

KpF G=1,2, -, N) W i LB A ; p=
[P Pias =% Pros | AP i (L 2538 1T BT,
P (1=1,2,+-+,96) JHF Bt ¢ 7 i I R iR & 12 17 6
TR sul™ (p, ) R VR 2 00 far X P @ & 38 8 3 1)
A A (TRT AR A FH P i B 87 338 B 4010 AR ) 5 pl=
[Pl s plas =oes plos [N i DA IX I S B P EL )%
pr, B BE P N B X SE A IR e, (ph) h
R B R BEAS 5 pio=] pi, pilss =+ pitss I i3
EAERE AT A, pits i B JH P i RS AR RE Y
FERCH T HAR R IE R R T, O TR R
e (pi) I P i LG RE A AR .

a) P AR A H AR
HFP i A ¢, (p! ) Al R A -
ci(p:’):zci.t (2)
b A b >
e, ={ o (3)

-p!,(m~m,)At p! <0
Xfee,, BB i O A s 7 e[ o, 7 |
Bt FH A DX E B 40 BsF B AR, 77 ar 4 ) Ry | A £
bR RR s SR P P B A A B IR 55 2
Haa<m,o
b) M AERE W FHRAR
I 2t i 0 fiT FH ROA A 4 25 AR RN )
N R N BV R
" (p*)= 2 max (e, pits B HyGE (4)
o, <o <A, (5)
Boin <B <P (6)
Aoy HILEARRR AR NAS GNP i L
REMI A i s, B, 2 BN B Bt o JEEEAEBE MG 78 R AN
B8 5 0t 300 R FE SR A AR Y S AT o e TR FEL A
Buin B 75 I ZEAHRE A AR e =i AN -
) F P& A BEAR R AR o
FH P &7 305 BE 5 F T A8 2 A 3 U0 AH O, iR
I A8 B39 5 X, AR FH P 7 far 43S A TR AR AT



@ D 8 A a4 %
AR G far AT R A ey, DU RSB o P R R R 2% 0 T.(t)<T.~6
BT RIRA FRR N - u,(1)=11 T.(t)>T. +8 (13)
pi.L: z Pft (7) ui(t_l) /ﬂ\:ﬁﬁ
le{LF, LT, LR}
. _ T <T.<T . (14)
2 LF LT LR 43 5 R A a] $2 4 faf | AT S48 G . e e .
- ’ - i’ S T s P L 58 R I TN N

AT AT 5 pl, I BE 5 LS AT I AT T3
AN A AT — O TP B TR RS TR OE
"B el S A X6 JHG P i, 0 2 A0 P s ) A T R
AN FEM P
A] PR A7 far (4 LIS R AT LSS H R A —
HUJF 3 253 B i D e ith s Ay, Hoas r o %2
pftﬁf%%ﬂ?jﬂ
o |gli-7) 7<i<r+r,
P o <7, 127+7, ®)
T.<TS<T, (9)
Krpg(2)(0<e<z,) A AP 1 fards 47 I 19 it
47, PR AT R RFSLIE AT I A] 5 7 S TP A B
faf S5 BB 20 5[ 7, =, 120 TSR 57 £ 19 2l e B
AT F% 40 AT 04 J3 Bl s 220 i 25 HC a1 )R 2l s 2B
DUJFH P 3 B 40 R AR B . AT P A% 97 ep ) P T
T8 PP AR w! AT IR R AR R R
u'=v, (r-7,.) (10)
Koz, A AP B I B AR IR BN 250, TS
i 7E 7 I 2200 (9 &7 355 B A 2R 880, 5 S0 1 2, 40
BT — S 1Y IS (] 3 PRl PR 3l A 23 %8 1T 3 e
i, v, =0,
A IR B A7 4 D AT AR A B e, an s i
A ARSERE B EL KT S5 . X AN & i Re s vk py A1
T , HAEFE RS YR B ris i IR A ¢,
U i 2 Foe (B AT P AR, LR 3 A R A 2
R AN TR — FROH B T P 6T 36k 8 40 2R JAR w ! ] =
=8, (P plh P (an
Aorf: p ™ R AT HIE A IS AT D)3 5 plt, Sk AT I £
faf W) B AR B AT DI 329, W P i O &F I8 B 401 8 BiAR
EX 8
X BA AR R MR B PR AT, s T L
Z IR A 23 R 2 P s A7 Y el 28 i 4 2 P 22
Ak, LAY Ry 1], A7 R AR AT R o
e, T (12)
AP, WP 2SS TEEUE D% C o RiaR
TR R IR EG T, () T, (2) 20 50 R i B e
12 N MR s R HEA R A 1, s TRRER R AL
w, (1)l 0, 1) AT e P i gy (s A RS AR i, 0T
B 5 2 IR EEAT G, It (13) Fios .

BB EHE IS I IE s T, T, 5 02 IR e (1
CLYNTRSNS
EK G 0 P P A BB A > 5%
P i 5P 40 4 02 LR DTG
QES ST
w" = (1) (15)

w(T, (0)=T") T, ()>T"
uy (0)=3v(T, (1)-T" ) T, (1)<T" (16)
0 HoAth,
T°<T,  +6 (17)
T>T, -6 (18)
s, (¢) AT BE ¢ 25 PR P &7 48 B0 2K AR s H ol
25 R A7 feg AR I BE 5 7 T 0 391 K P 8 N i T
FERY L R RR 5 v 20 51 h v T A TR RIS T AT A
T B T 3 B R AR R B
DU P R 0 B 4 2 AR wf™ (p, ) AT R7R A

 (p =l el (19)
2) ARG
FH P05 i SR A TR SRR
pi=ppl-p! (20)
0<p;.<p: (21)
0<pP i (22)
—pi ! <pL<p; (23)
—p i <pli<pi (24)
N
-p sto, total zp:u[; < ﬁsm‘ total ( 25 )
i=1

S +ECPIAIGEY  pii=0
]S, G <o
0<S, <1 (27)
e p =L pl, piss oo pie I BEAR T,
phy B e P WA Ty s p, S P i e T H
A EBR s preope 43 5l S 1 P i e S A RE A dRc K
FE BRI s pret pre e 3 XN SR Al RE
AR IR FE OB pl A P ORI
BR s prpr 2000 oA P B R B R )5S, Ol Ik
B P i TR RE 0O HOIRAS ; &8 €43 i
AR RE A T SR
22 BRMMEILEE
& DXAMAE DA o A 2 P2 T AN AT T

(26)



£ 18

Bk, 4 ST RS AR 0 £ 1K 42 0 07 DM o S (35)

G545 B Ak RE R AR P O S B gy, % XA
PEAT AR . LA IR 75 D 51, &5 XA e f Ak H
PR eRECH »

min ]=max{ﬁ}+wC"’“‘l (28)

N
p=D(pi+Ap)—p"+p AR (29)
i=1

) WA AL ERR R  p WA KT
Iy KT LA R 0 5o RS 4 DX i
FEBC T U IE R T, MR s
Hy 3 S T A s o0 BT B Ap, PP
DI SREE B 5 Ay 5 DNl 50 e R 1 0 oK T
JEAEN CRE

5 X 1 0 A A6 0 0 5 5 7
ST I B AR B 28 A RO 5 4 L L T
RN

Cto'alzz( u;ﬁs (Pi"’APi )_u?is (Pi ))+AI;»“‘”7TA): (30)

Kfiar=[am,, my o o "B XEERM
B DXt RE %) oy H AR A AT F2oR o
§- S +EPAUC  p=0
SIS pead(E6) pr<o
RS, B o B DX RE T RS 5 oo M IEBE
1 5 X DUGERE G TR T 5 €9 €023 91 5 IX Al
REMYFE AR G R A XML RE R 2 1
£ DX 7 220 B AR AR RE R =
W FEMC TR AR R AR BATHRR S AR, & X
A3 LR T 29 AR P TR A B LA DL
EATL(A1)—(A8),

3 ARZTAEHEMRUAIKRBSRETTIE

ARSCTHE AL T AERE () 5 X 206 iy Ur Rl
AT 1) SR fif T2 2L AR BB 1R Ak R PO 67 7 %
AL . DXL 3 4 B B, SR fife it 7 ] ]
2R, BRI

DB B 1Bl v ba Ak . 5000 P 57 far K 53 A
KA T, IR w16 4k B R SR = AE BE 00 FE i
Hirds .

) B2 Pt e A AL . B TP LA
ZRE AR /N R H bR X 22 o0 s e AT Ak, SR
CPLEX fifb TEABI M A 0y H i ZHE 85, &
AR FH P AT A4S 51, 454 6 R 1 5 dis L 74
RIS I BOAL SRR 0 FE OB A -

3BT E3: & XAE AL . X AAS 3]
MDA 28 SR IS, XoF 67 A W i e B 4 v £ i 179 2 A
AT, R4 G B XOERE AT U [0 1 , 75 2
W R A RS (B £ faf 1Y Pareto B 1Y , F5e i AUAET U6 i 71
i FHE W A, PR e AR D R0 T 56

(31)

[ AL

@ﬁ@

WA AT F A RE AT T G| | [ 7 R A
B . AHM o o | (B piue b
!
PG ALIC R TR T
35 HCHhL AR I B
e i {
i : N
Ml R EAHIIE A T
A S Fib e
; i i
B A 5 —
et =N< e e AT
FEHL S e AT e
!
R SR
AR %
B~y | |l
W 3R

A R
B AE
b

B2 ETH=MENEXEZThfEhE
MU B KGR IEE
Fig.2 Flowchart of solving multivariate load
collaborative optimization model of transformer

district based on shared energy storage
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Fig.3 Optimization results of user-side load
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Table 1 Peak load and peak-shaving cost

after collaborative optimization
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Multivariate load collaborative control strategy in transformer district

based on shared energy storage
LU Bin',HUANG Dan’*,DING Hong’,LU Pengpeng’
(1. State Grid Anhui Electric Power Co.,Ltd.,Hefei 230022, China;
2. Marketing Service Center of State Grid Anhui Power Co.,Ltd.,Hefei 230088, China;
3. State Grid Electric Power Research Institute,Nanjing 211106, China)

Abstract: The access of large-scale uncertain renewable energy puts forward higher requirements for the
flexibility adjustment of power grid load in the transformer district. Based on the business modes of shared
energy storage and considering the power consumption and functional characteristics of various electrical
equipment, a multivariate load collaborative control strategy is proposed for the transformer district. A col-
laborative optimization framework of multivariate load based on the shared energy storage is proposed and
the collaborative control process of multivariate load is elaborated. According to the adjustable characteristics
of load,the user load is classified and the load power model and the comfort cost model are established.
The user layer optimization model with the lowest comprehensive cost of power consumption as the objective
and the transformer district layer optimization model with the peak-shaving as the objective are established.
Based on the actual data,the simulative results show that the proposed control strategy can effectively ensure
the consumption of renewable energy,reduce the peak load,and assist users to participate in the power auxi-
liary service market.

Key words: shared energy storage;renewable energy consumption; multivariate load; demand response; peak-

shaving auxiliary service;collaborative control
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Fig.A2 Multivariate load distribution in transformer district on typical working day
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Fig.A3 Load in transformer district considering photovoltaic output
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Table A1  Value range of user comfort cost parameters

S L /(7%/min?) 3 /(TE/W?) M /(TE/C?) V /(J./'C?)
T AR ¥ Bl [0, 0.08] [0, 0.2] [0, 0.3] [0, 0.5]
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Table A2 Parameters of air conditioning equipment

ZH HUEYE ZH AL
R/('C/KW) [4.76,6.36] T, /C [24,27]
C /(kWh/C) [0.13,0.23] §/C 0.5
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Fig.A4 Outdoor temperature curve of optimization day
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Fig.A7 Load optimization results under different air conditioning load power reduction conditions
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