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ABSTRACT: [Objectives] With the continuous growth of
demand-side response resources, traditional energy scheduling
models struggle to meet the system requirements of high
penetration levels of renewable energy. To achieve the rational
allocation of multiple energy sources within a community, this
study proposes an energy trading strategy based on demand-
side response from users, aiming to optimize energy
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scheduling in smart community. [Methods] For a residential
community with multiple buildings, this study coordinates
distributed photovoltaics, energy storage systems, and flexible
loads. A two-stage scheduling optimization model is
established using the Stackelberg game framework based on
pricing interactions between community operators and user
load aggregators. [Results] Simulation results show that,
compared to the traditional heat-determined power strategy,
the proposed model reduces operational costs by 40.22% and
increases photovoltaic utilization by 22.57%. Compared to the
conventional cost-optimal operation strategy, the proposed
model results in a 29.66% reduction in operational costs and a
6.78% increase in photovoltaic utilization. [Conclusions] The
proposed strategy demonstrates excellent performance in
achieving equitable benefit distribution, mitigating power
fluctuations, flexibly meeting peak-load demands, enhancing
renewable energy integration, and ensuring grid operational

security.
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smart community
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Fig.2 System energy trading network

2 B PX IR H A

2.1 BEREE

INXAE SR B IPR A EES, e nf LN B
25 HL T FL SR R RE . /N X I8 S R IE I 1 E AN
F#AT, AR T 10 7 3R G i lig A7 e st
Hr AT TR A2 B, [, /NXEE 7 A H
T EEREIR, DAORIE RE /1T .

HLRESS SN ES ES it BN

Eo= S(E,— B +EL,)=

DA, max(Lr— PN, 0)-

t=1

2sb -min(L2S— PMT¢,0)+ A%, - max (LS, 0)] (1)
X Eg FEL 35108 e %I A /NX 5 _E g
(1) S L USE 25 RN R AS 3 B8, A ¢ B 200 P /N X i A
TR RS As, A A, 2 BIA ¢ I %) H R
PRI B PR FLAAY 5 A8, DA £ IRF %)/ XA 5 1 F A
Lo R TG S ETIAE 1 d P9 ¢ I %0 (35 R 670
PN NTARIR A HLAE (I 2 TR

EEZ H e B TR A
24

24
Ele= Y ES=" by LAk, 2)
=1

t=1

Rt e o B MR SCRR 4 T 4 b
W LS TR AR A SR A,
RN BB 3 o 2N [
.

RO F RSB N

Ee= S(ER B+ B +E ~Epy) ()
Rty 9 N B AU A

N TR 024 i 4 T A
B Th A AT R A W A
Wiy, BT

D) DR FELARRIENXLT
0<P. <P, @)
SiSSimax (5)

X PN R DI D%, Py RGIRER K
B ThE, SONSCERAEMINZ ;s S, NERAEHI L]
EA ) TP

2) R R FRE R

Unin S Ui S U (6)

Xd: URNTRGREE: Uy MU 0 73590977 55
UOEENERIF=ZN R PN

3) R LR RIE AT

N
P+Pu=P,+U, >UY (7
i=1

0:+06=0u+ UuiUiY @)

A QN R IINE . Po, A1 Qg 70 AN
TR AAEANNA T EThIR PLAQ, AN
TR AT D EPIEhR U, N RS
LT s YONSZHE AN, NN R AL
2.2 AR R

B RE D XA A OB S O RO R
PUAIRE TR A R, 28 B2 o i vh 5 255 18 0 A
VR F Y H R . AR R AL B /N X2
BRI, G VAR R IR A Y F A A A
TR o RIRTEMLAE ¢ I ZIR SR S
H IR R RN



222 BeRATESE: BT FHRmIMN Stackelberg HZRRI /X L56 BEIR R G MRAL P EE Vol.46 No.2
P MT, e 24 n P fiischarge
EMT.! = Cg ' (9) EZ(nglsasrch;l:al’ge - ;;;s )= O (15)
”MT t=1i=1 ndischarge
A CARBTALHAENHE, TO/(kW-h); CESS < OFSS < 88 (16)
Ny TR TEEHLUR LR 0 < Pylee < pharee (17)
TR EEHLAE (2L A ISR R TR 0 <P < PR (18)

A

_ _ g,loss
PIMT.h: 1 7771;” Nt phP,MT,c (10)
MT

A PY I o I Z OB R AL AT 2
NHEUR R p, AR EL
ORI EE L IR HE R R B N F -
(@,PY"+b, PN +c,Hh,
En= pTe

(11)

Ouenm ik, (1—6,) e, (12)
MT, m m'™vm m MC m

Kes o, 5 m 6 BORBR SR HLIG 5 o A 4
WEHRL: a, b, R, BOEFEBHL b NIETE R
M Opr, 958 m 6 BRI R HUNLAL OB HERC IR
BEs o, Rk, 5y BURSE m & BLALREH & % 5T
G 0, NIRIIEER: Mo FIM 4239 L
T B B AR s P g R R LR
i,
23 PR EME

AR LA A7 T A 5, R G
SR 1E T . (0 R Grt, (0Tt Al TR A
B 2 T R B A4 0 B S 4 70
. I A E A R B AT R
B S S [P pisi 5 g P

=1 i=1

(13)
e Py R fpereres 3 5 M T i AE ¢ N 20 18 P i
RERTE HCHBINR s A7 o B 20 78 FECHE D SR )
B A2 AIRTE s T RAS R n AT
.
il HE RS RS R IR

n P
ESS __ /YESS ESS charge it
Ct - Cvt—l + z(”chargepi,,t - 7]
i=1

At (14)

ESS
discharge

X CESAMCES Rl =1, (I ZfE e R SEH)
HERE s nhe M it 72 A NAERETE . TR
&

il BE 2R Gk 75 2 AN 200K

s CESFICES 73 7 A it A8 e K i B R B/ FE
By Poee P 43 53 Sy fi R 8 L ) FE AR R
I,
2.4 PSR

F P 32 B i /N X 32 75 T T R B A
FEL 1) A1 % 2 g A5 0 2 A AR AT TR R, v L
AN B

Ly=L""" (19)

T Ly 9 FH A0 T A 00 08 5 T 2 P AR AP A
L g Bl 3B £ TV FE IR L Th 385y, 9 HEL A A
WA IR

FH T /0N X 1 1 5 S 1 r A BB AN A o T
(y, 5 FH P I B AR R AR (0 T 2 2 SR 2 A A 2 £
fif R A R B A ae 7 R A o, Rk A &3k
I A 2 Bl 2 B . BT A R A R IR
A B4 -4 7 RS e A K

R R P A0 A 38 T 22 B /N R L b R B
R

24
Ji= QUL HLET =L =LY (20)
t=1
24
E(Lg.tc-"l’,t _Li?om)
ave __ t=1
L= o 21)

A g oM i A RE A 1 L DT 2T 22
Ly T i AE (I Z 1035 F ARy Zh s Lo AL
N AR 2 N7 1 R A R 52 1 e AL
AT DA L T £ S AT R 2

RTINS, BT R AE (2
1§ L AT D
Lz,tc — Lg,te _ Pfl;arge + Pslitscharge + le,theat (22)

Refe b BRI 7E (o 212 VA U5 B Pl 1+
L RS 7 £ 22 R 5 L T .

B2 PP oL 28 T34 6 % b o S A
R A G, e 5 1 e 1
AR AR b B P ¢ R
Hh 5175



HaoE F2 M

K B OB R 223

Lye=LY+ L+ ALY (23)
s LYTANLY: 43 5l M= i E e I 2 I . 5%
PEELAAT s ALY KR T 1 E ¢ I5F 20 (1) SR ol 47 1
.

IR, B2l OB A SRS B IR,
PRI AT I RAGENE . T 18] 58 LD 3 AL 7 8 2
K@) IR N, 752 -

0< P, <Lom™ (24)
e P, AR T 7 I 20 5 AT AR
RHINER ;Lo RS A ¢ I %058 B )
KAH -

UBAh, B PR A R R TR,

LA
LN =LPh+ ALY =gl LPM+ L4 ALY (25)
e L RET i AE (P2 )5 B gt s ALY R
P TE ¢ 2R AR A (B B LP AR i TE ¢
ZIH BRI 2R
T P 8747 5 6 A2 LA USRS

ALY,
Loty M (26)
24 ’ 24
DALY | =k DL+ L) 27)
=1 =1
24
SALY=0 (28)
=1

T A1 ke 53530 g Ak e B Fi A7 A £ T 8 8 B A5 AT R
DA RS o B, BB T ST R R Y RE
T R a T ast st AR AE, . N

n 24
Eyo= > S(ES-EL, —ER —EL)  (29)

Kb EXOREEF AR e 2 B BN IET
PFE eI 2 RE IR s ESS,, N e I /N X R A
PP RS ES, 9 e 2N X i i A
1) A Bl 2
LGRS rN Wy
EM=a(Lb¢ Y +b(LS )+ (30)
Xfa, b, c¥INHBMHZSE.
W ER RIS N
E;=y(ALy) (€20)
X AR ERRSE: ALY A i 1E (I %)
1) 871 Amf R

3 E:TF Stackelberg 2RI AL T BEARAY

3.1 PRE#EFHFREIREESR

R T R RINX ER G BRI R S REIRAS B 1),
K H Stackelberg 8 2845 R0 & 2 M HE T 1) /N X
WRE . /NXIE T8 T AT & = 2H R R A s R T
FEZEN R, NXISERERGFHE 1B
W, BRI AF 3 0k, AR T B 5
B NIRRT ERBE & MK . 1% Stackelberg 18 35 )
HETTREHE: DXIBER S GEFES D /DIX
EEREEE R RNES L SR ES AL DX
TAVRSECHLI IR G P B A R AR
VRS [ L AR A B A AL AR AT TR A ALY BT
AT GRS E s ST PSS TT
ZJ; REIBAT I EREE S Con iRl
Eys RGSAMNBRARCRE O . XTI HAr)
e fl Sk oAl IR G T RIR N

] SscUd); A5e; Agc; P
AL AL ot Ese; Q%3 3 B e

£ Stackelberg 75, /NX iz oA E 14,
2R 2% J7 ok i B 7 T el SRS N i
i, BIIA 3 Stackelberg ¥1#7 . 2418 2% 0 R A2
R A AR H bRl Bl R, NXOEE TR
LEE RS B ST M 6 RE Rk Rl
Stackelberg )47, i A AE K .
3.2 BBrBALAG R R A

T R L A R BN X SR A REVR R ST
LU BERCFIIRRIGAH DG LR, 75 0 I £ it fg
RS AT T BT B, 3k T SR EURE A I B A
R ARG BN ST RZTEE R ME&
B A A CE I, R R A 2 i A KAk
RO 1B B A i B R Ge kAT 78 i H T Z
FE, FEARAE &R 10 F vk R E B B 7880
HW; 2B 2 EB AT TR, &
HFAAED R B FRRBITHRATEITRELS, %
PR D B AN B mT DLd I BB AL St A7 -4,
TR T AT B A RRYR T 44
3.3 AR

fo I SUZ AR A, o] DAk /ME ZR XU 2 (]
WIRB NG, TiFteREHEEE. Bk

(32)



224 BERATESE: T HRMR S Stackelberg R/ NX 256 BEVR R A MRAL T E

Vol.46 No.2

M5, RS Bl LA B/ X 1 E i H
P AnIRr . KA S B S R R AT 45 T
RG T AR, AN REREATIRAKRRE,
TR RHA, TR RAE B Ly BRI,
AR FH 8% S5 B CPLEX SR fiff 4 0 1 2R A5
BEAT SR, THELRURRA T -

D WIS ARRSH, IR EBRERESAG

2) FENLAE RN XA 5y L 5 3 5

3) KRS RALIB T P U IG5

4) AT REEEEER, AT,

It CPLEX SR 2 3T T S IF IR B AL S5 2R
5) K BRI G G B/ NXIZE T
6) IR B AL FILIE R A L B SRS,
HUCE R S, B, REDEEA,

4 FHIHT

XN AT E B, 2N 3T
WM PER, AT R X, AR A
HLZGBRATIE . BeAh, BT ARRAT A R BB AR
KR E . S XL SR 3 B .

[

Sad L

9 10 11 12 13 1 15 16

® = g &

BOMIEUREL BIRRES]  RARERE S
WA
A

B3 &3 MEFEARDX P EHIE

Fig. 3 Diagram of community network structure with three connected buildings

FEIZ/AN R, BB LA 225 SOk [40] B B
BRI L Fn. 3T HIWIIR HL A
A AT (R e AR A R D R A P 4 o

BEXF EIR/ANX, A AR T 3 A AN
SR X R GEREAT R AL -

K1 REREMFESH

Tab.1 Relevant parameters of system equipment

350 |
3001 m-m-E-E-E-m-E-g
-

250 - " \'\

200 - M "\.

/KW

150 _o-o.
100 F J .
50

0
00:00

08:00

ik %)

16:00 24:00

RIR AL IAE N/ [JT/(KW-h)] 0.25
AR RN LA AW 100
AR S B ML R R 2 0.05
RIS E LR R 2L 0.92
MARREFHUR B RCR 0.37
MU E N RS 0.20

[ AIGBEIN GRS 0.40

fiti it HIL 7R BB AR 0.95

i B HL I 2 B/ (kW -h) 240

450

400 [
350
300

= 250
MZOO'

e

150
100
50

0
00:00

(a) HEF1

N\




Fa6% F2H X B B R 225
400 + " N 400 I
350 p w 300 m _
/ \I—l—l-./.'./ \. ml [P I HEHH .
300 F o 200 F |
/ S 0
N, -
% 200 ' g \.\o\ o-0-°° & 0 =/l i |
Tsof e, ¢ 5
oo o =00}
100 | o0
sob 200 F U | JUASE ]
0 L i " 300 1 B
00:00 08:00 16:00 24:00 o =
s} %) 400 L L L
e 04:00 12:00 20:00
(c) 53

—n— LG —e— Ftify JeAR T2
B4 BTG AR SO R TR D%
Fig. 4 Initial electrical and thermal loads and photovoltaic

forecast power of buildings

1 G 1 ARG LARGE HL IS AT R .
Tk AR AR AT (1 KN E B T

2)%%2%£%&$%%%@ﬁ%%oﬁﬁ
AP BT RIATR T, i Mz & A
ERA TR 177

3) SRWE 3 ARSI NG . Gl N X IEE
NG B G T E A SR, WOR R
SR B IF A AT, A B B e SR, B
B2 (B FEAT D LI

FE 1 RAERIURER TR, AR
PR, AR R A R, S,
T HEA /NGB E R E B SR, ST
RBEAT R B3 . i /N XAGR B 52 5
G L N A R R, B e R L T 26 DA
M EAET R . Hik, EHHERGET
PERS, RN S H A E AR, HibE R
L RSAS ) 2 F X G L ) S A ] 2% i R S
LIRS 2 o T2 SR R0 S A FH TR R e L D o)
DR R B F AR TR, UM
BL A2 1R B, ) J0 s 8 W A7 gy 7 SR I, 7 B
NI R L AR A 2 S T 1 S R
F 1) LA T A A L T L 5 TR

M 2 A TE RN 1 [ ml BIEM Y, 2R
G5 LA B B A O E b A SR o 1% SR B 3
TP RGE s AT R A, T IS AT I &
PEo ARV 2 F & 0 T o i AR B, kRIS
1T A BRI 77 20, B EE A R <R L

%
i = 0% ) G R s I 245 < = e S
ekt 3 kAT R b

B5  SRES 1 TR B
Fig. 5 Power distribution under strategy 1

b5 1 0 FL B 22 3 e R R R SR L S R A
%%mﬁ,ﬁﬁﬁmﬁWﬁﬁ%%%%%ﬁﬁo
AW RN B Th AR S A A LR, H
M TG 32 MR A A s 1) A2 A AT R SR M o 1%
N3 e W IS A VT (S
I

500
400 + -
300 - A=
200 - [ S e S o M
100 f L] I o
0
100 |
200 FILILIHH LB
30 OH By
400 - =
500

kW

04:'00 12:'00 20I:00
I 1]

i =N VAT = 9 N s 4 = i B o Y

JllﬁﬁfﬁFﬁ 3 AT 3 g

Blo K2 KT ECIRN

Fig. 6 Power distribution under strategy 2

SR 3 A SCHIE FC ) SRS o i SR 3 T g
ANXHIE AT S Y, RS T S AR R R
Xt LAY (0 R PEAT T B BRI R, AT
X7 T ZR AL SR AT DA SE I e /N X I8 E
S AR AR SR 1R 2 AN [ Y
K&, NXIEERHE VALK R SR, S
PG T A AR S R P A By s A A, R E
HIRA AT s BRAh, AERE T TR AT HEAT Th AR ) A%
i, SEBIhARBGE. HE KR SR B 7



226 BERATESE: T HRMR S Stackelberg R/ NX 256 BEVR R A MRAL T E

Vol.46 No.2

e FELIE I B IR S, BT 1 H S it
A 0 A 8 F s o

L ERAXEEGH
’ RN X E A
1.2+
Z10f
=
2038
s
S\S 0.6
w
0.4 = |
[
02 J =1
00 1 1 1
00:00 08:00 16:00 24:00

I 2]
Bl7  /NXIEE e 52 I A S A
Fig. 7 Electricity and heat prices set by community

operators
400 F ——
300 = FmEFELEE! Il
200 ¢ BIN=INN =R
100 F S Bl=E R
z SiEE |
= |
% 0
=
100 b
200 I {HH
300 EE T HHHHRHEHE " HElE=
400k o= O .
04:00 12:00 20:00
IS %)
i Lo S s 79 G s e SR o - S R

O UL b EOR IR . I o PR s 6
El8 SHEE 3NN S ECIE L

Fig. 8 Power distribution under strategy 3

TESERIE T, 3TN BT R
DUAHEL, (ERETE 1 GAR SE bR A L T2 22 S A O L
K, WOEBERET 1 I DA 43 BC AR U HEAT X LE 3 47
TENAR K BT 23R B KA, AHEL S | FNSRnE 2, 3R
W& 3 AR AN K2 Bl R & T 41.75% F111.89%,
I T A ST SRS AEAR G AR 4R 5 T VR o

3 Fofr i FEE SR R 2 T R P AR R,
RN 1 RN SN 2 R = 575 SR RE6 - fer 1) 51 =
FEFRAN I BATSORAE S 6 er s BRI 7 £
B2 TR 3. BT 1 IR B e 2 BEIA 15.01%,
B2 2 FIRE 57 3 W I A7 A7 22 BE 43 0] O 11.22% AN
10.68%. X LEIA LI SR 3 BEAT 75 SR Wi LIS £ H
WEHA TR AVE R . TEIB1T S JTH, AHELSR

WS 1 RIS NE 2, FEAETE 1 R IE FH SR 3 0T 43 ) PG
20.21% F119.91%; {ERETF 2 H Al 23 51l B4 50.03%
1 45.18%; 7 # 5 3 o AT 43 Al BE K 41.42% A
28.08%. [Fltt, JEIEASCHTERM A AT IRAL
Je, ATUA RIS T AR, fEmabrt.

X Er 3 AME T /N X 32 A 3 R B SR S R 1B AT
W BRAESCE . E AR T 2. — IRBRUE A
AR N E AT I e #r 5, ATeA
5 R [ SIS AR 2 pr M . AR D 22 4 1k 25 T Thi
LS. 5onE 1 FISRmE 2 AL, fES Bk Jr1H ,
FWE 3 IS AT AR 73 ) FEAIR T 40.22% H1129.66%,
iR a8 FC NG s R AV, RIS 3 M
1 HL AT 207 2203 I BRI T 80.89% H186.27%, i
EAT W IN-FAR s TEFTREIR R 7T, RN 3
(R EAR T AN K1 23 il B v 1 22.57% H16.78%, fif
BBV RS N . B9 LRI ) 3 T S £
XPLCE IS, R, BRERFESCE LS, SREE 3T
oA 2% J7 T T AR S Bk, B R B T A SR
BOUE T A SRR A

AT SR/ —u— 5%
—e— 2
—A— SENK3

- TRHRECR A
06

14 R 3T (kW)?

— R REIER ) /%
E9 3FRRRGEN L

Fig. 9 Comparison of results under three strategies

5 &

BEXTE /D X P 2R S REVR R S IS AT R 1]
A, SR T A NXEE R S R AR
B A SRR . 2R RS T R A ] 1
s, amoatt © R E 2R, RIS
RAL R A FE AL IR LRI EOAE ] A =X
JCARFEFH AR P S Do X2 3 MR
BHNXBAT R HT, SRS



HaoE F2 M

K B OB R 227

D /NI E A5 A i 3E B R A Rt S
BT/ RN L, Sy A L g R 1) 2R G AR AL P At
TERTTE, SEDLT R RE AN R, D B
PERIAR M T ORRR, NIRRT 2 B /N X R A fE
BRGNAOR R T 2%

2) MRS RE T, FEFENXZAAR
RIFEAREEAT OEA o PT SEAE 2 SR AH b H AR iz
A7 SR T DA 25 PRI AT BROAS, 4 v BE R AV
MKV, HAEAFPAES T BT S8l 2 H s e
L, (8T 28 R R R

3) KRR N TN X LR REIR R L
R, RRATRE— 2525 ] F A R L 0 A
e 3 5 T AN E R, B AR N A B e AL
LRt

RPN

(1] ¥riftte, HREERE, SEER, . REARKRBEERSK

REVR RS T DL SEBR AR BT FC[0]. RABEIR, 2023, 44(4):
484-491.
XU H H, SHAO G P, ECL, etal. Research on
China’s future energy system and the realistic path of
energy transformation[J]. Power Generation
Technology, 2023, 44(4): 484-491.

[2] HEFF, BRK, XIFFL K H bR T X P )

AERSRMB A KBTI, BAEH S, 2024, 52(2):
17-24.
CUI ML, FENG TT, LIU L L. Integration and
development of blockchain and renewable energy under
double carbon target[J]. Smart Power, 2024, 52(2):
17-24.

[3] oK, XiEy, BBENE, 5. IR A R
PESR TR AR B RO 5 Y2 4 M [X W 7242 BRIV AN T
JE]. ABRREUR IR, 2024, 7(4): 454-462.
ZHANG L, LIU Q, ZHAO X L, et al. Research on
renewable energy penetration in wind and solar resource-
intensive areas from the perspective of power demand
growth and load flexibility enhancement[J]. Journal of
Global Energy Interconnection, 2024, 7(4): 454-462.

[4] KA¥E, R, TR BB A E RS RAR
R AT AR AR R ORI R R I, TR T,
2023, 36(7): 31-39.

ZHANG L B, WU Y K, WANG Q W. Large-scale
development of renewable energy in consideration of

carbon neutrality and cost optimization[J]. Guangdong

Electric Power, 2023, 36(7): 31-39.

[5] ZEW|, By, EFF5, . W7 R T ED
HL W SRIR[T]. AR, 2023, 44(5): 602-615.
PENG D G, SHUIJJ, WANG D H, et al. Review
of virtual power plant under the background of “dual
carbon” [J]. Power Generation Technology, 2023,
44(5): 602-615.

[6] XU, FOUH, FWEIP, 5. ZXOEKEIRSEN
a3 BCP U AR U R 7 k0], R E L TR R,
2015, 35(14): 3724-3733.

WENYF, GUO CX, GUOJB, etal. Coordinated
decentralized risk-based dispatch of multi-area
interconnected power systems[J].

CSEE, 2015, 35(14): 3724-3733.

(71 VFebBH, ORBEIE. & b EEE REIR IR N 2 H bR
DA S [I]. A aURedR, 2023, 8(2): 19-25.
XU Z Y, SONG X T.
scheduling strategy for microgrid with high permeability

Distributed Energy, 2023, 8(2):

Proceedings of the

Multi-objective optimal

clean energy[J].
19-25.

(8] EH#Y, xI7hi, W3, 5. A e oA e TR

NGRS N Rt bR 1) i ) R SN R R -
P, 2024, 40(1): 119-129.
WANG H, LIU ZY, BIANJ, et al. Research on
two-stage risk scheduling for transmission and
distribution power grids with high proportion of
distributed energy access[J]. Power System and Clean
Energy, 2024, 40(1): 119-129.

(91 ARIUE, SkBL, JLiEME, 4. MR R ICSURSS

EEAI B RE U R 0 AR G TR T SR IR R BERL R )], R

HAGR 58H], 2024, 52(2): 90-100.

LIN S F, ZHANG Q, SHEN Y W, et al. Optimal

dispatch model of adjustable resources in a power

system with high proportion of renewable energy for
flexible ramping product[J].

and Control, 2024, 52(2): 90-100.

TEAZ, (M, 2, S, SEsE v AR

HLR RS PEOE TG O R[0T, ) R G ORI SR,

2023, 51(22): 1-12.

CHENG S, FUT, LI FY, etal. Flexible supply

demand collaborative planning for distribution networks

Power System Protection

—
—
S

[l

with high penetration of renewable energy[J]. Power

System Protection and Control, 2023, 51(22): 1-12.
[11] 575 RE, BE, 5. FHEHARENNNZ

BB ELAM O DU T L SR D], RHEOR, 2023,

44(5): 625-633.

ZHANG N, ZHU H, YANG L X, et al. Optimal

scheduling strategy of multi-energy complementary



228 FEEAESE: HT %R F5 Stackelberg BZRAI /N X 424 BEIR R G UAL T E Vol.46 No.2
virtual power plant considering renewable energy WANG X H, ZHAO H C, TAN Z F. Optimization
consumption[J]. Power Generation Technology, 2023, study of integrated energy system hierarchical
44(5): 625-633. Stackelberg game operation with load aggregator[J].

[12] #8758, WM, 2, 5. TF AR Rz k) il X Renewable Energy Resources, 2023, 41(11): 1554-
LA R R AR A VTR B VA [T]. RFH AR 2R, 1562.

2023, 44(10): 38-45. [19] Z&Akul, A8k, #EK, . 1WA R Tk
WEI Z Q, WEN P, LIANG Z, et al. Low carbon %Fﬁ@@ﬁﬁﬁﬁ&ﬁnu.f§%ﬁ,mﬁ,
economic dispatching method of park integrated energy 36(9): 17-25.

system considering proportion of demand response[J]. ZHU Y C, SHI L, CHU XY, etal. Research on
Acta Energiae Solaris Sinica, 2023, 44(10): 38-45. peaking potential evaluation method of industrial

[13] 45, EHtx=. H I3RS ST jE 0K 2508 & R enterprises for load aggregators[J]. Guangdong Electric
B, oAnsEedE, 2024, 9(3): 1-11. Power, 2023, 36(9): 17-25.

XU T, WANG F Y. Review and prospect of power [20] MREHT, XURHE, B, . BETIEERERAE 5 P
demand response implementation[J].  Distributed MEEE R R AR RGP IRIE ] 30 T2 4R,
Energy, 2024, 9(3): 1-11. 2023, 43(7): 901-909.

(14] BRiMio, RAY, Jes, & B SIReH A E & CHENY Q, LIUK X, ZHAO X, etal. Low-carbon
JON 7 SR L) 2R Be YR AR Gt 2 I TE) R AL AL economic dispatch of integrated energy system based on
FE[T]. BAREEEARY, 2024, 39(3): 217-227. ladder-type carbon trading mechanism[J]. Journal of
CHEN XY, WU G P, LONG Z, et al. Multi-time Chinese Society of Power Engineering, 2023, 43(7):
scale optimal dispatch of integrated energy systems 901-909.
considering source-load uncertainty and user-side [21] OO, XImelsE, FauR, 25, FETHEZRR 7R
demand response[J]. Journal of Electric Power Science AHHAT T8 & EMBEMI]. a8 =6,
and Technology, 2024, 39(3): 217-227. 2023, 45(11): 62-69.

[15] 5’@@&%, KINZ, Fost. R EFRMNFISGE MEIW Q, LIUXF, WANGJC, etal. A day-ahead

REIR R LW R REARRIEITI]. B TRER, market pricing model for load aggregators based on
2024, 43(2): 21-32. potential game[J]. Integrated Intelligent Energy, 2023,
WUYJ, ZHANGY X, WANGY L. Multi-time scale 45(11): 62-69.
low carbon operation integrated energy system [22] BARONE G, BUONOMANO A, FORZANO C,
considering multiple integrated demand responses[J]. et al. The role of energy communities in electricity grid
Electric Power Engineering Technology, 2024, 43(2): balancing: a flexible tool for smart grid power
21-32. distribution optimization[J]. Renewable and

[16] =572, TR, BE, . Ao NaaR s Sustainable Energy Reviews, 2023, 187: 113742.
SRR AW AR 5 REN]. I RGH ML, [23] CHREIM B, ESSEGHIR M, MERGHEM-
2023, 47(18): 33-48. BOULAHIA L. Energy management in residential
YANMY, WANGLL, TENGF, etal. Review and communities with shared storage based on multi-agent

[17]

(18]

prospect of transactive energy market for distributed
energy resources[J]. Automation of Electric Power
Systems, 2023, 47(18): 33-48.

KIE BHEE, AT B8 R A R R RS L
10 i 3 P A DC A0 R B D5 i (0] WL R 7, 2024,
43(4): 12-20.

ZHU D D, JIA Y Y, ZHOU Q. A load-source
coordinated scheduling method based on resource
flexibility of load aggregators[J].
Power, 2024, 43(4): 12-20.
EFHE, BER, EE
“%EWEIMﬁﬁﬂﬁ%%m
2023, 41(11): 1554-1562.

Zhejiang Electric

[24]

[25]

systems: application to smart grids[J]. Engineering

Applications of Artificial Intelligence, 2023, 126:
106886.

CERNA F V,
BARROS R G,
neighborhood energy storage communities to improve

Applied

POURAKBARI-KASMAEI

et al.

M,

Optimal operating scheme of

power grid performance in smart cities[J].
Energy, 2023, 331: 120411.
R¥ESR, R4, FEEM, %, 5T Benders 4 fiF Al

GIAE B 23 A AR P S A TR D], TR 2
e, 2023, 38(21): 5808-5820.
ZHU HH, ZHU J Z, LI S L, et al. Distributed

combined heat and power optimal scheduling based on



HaoE F2 M

R B B AR

229

[26] LU S,

[27] ZEEE, ZERA, K.

benders decomposition and Nash bargaining[J].
Transactions of China Electrotechnical Society, 2023,
38(21): 5808-5820.

GU W, ZHOU S'Y,
modeling and decentralized dispatch of heat and
IEEE

11(3):

et al. High-resolution

electricity  integrated energy  system[J].

Transactions on Sustainable Energy, 2020,
1451-1463.

ARG X G REE R SR
REXUZ R REHLIC AL B SR (D). B B sl e,
2023, 43(12): 238-247.

LI X S, LI CJ, ZHANG L. Dispatching strategy of
hydrogen-coupled regional integrated energy system cluster
based on two-level game stochastic optimization[J].
Electric Power Automation Equipment, 2023, 43(12):

238-247.

[28] T#, #ARK, EOR, . T OUHIORFVEM IR

[29]

PR G A LA 7 BE S B FE 0], 30 ) TRE 24,
2023, 43(11): 1515-1522.
DING H, HU H, CAOY,

optimal distribution strategy of combined heat and power

et al. Research on load

system based on improved gray wolf algorithm[J]. Journal
of Chinese Society of Power Engineering, 2023, 43(11):
1515-1522.

Wt, AIENR, Bz, 5. EETRUSHEEIENZX
BB ARG RRIR R A =20 A 2] 5 A S
{LIHEE[/OL]. L TR SR, 2023 1-14. (2023-
12-04). https://kns. cnki. net/KCMS/detail/detail. aspx?
filename=ZGDC20231129001&dbname=CJFD&dbcode=
CJFQ.

YANG C, LI Z S, XUE Y X,
distributed credible distributed robust optimal scheduling of

et al. Three-layer
multi-area interconnected electrothermal integrated energy
system based on two-step projection algorithm[J/OL].
China Industrial Economics, 2023: 1-14. (2023-12-04).
https://kns. cnki. net/KCMS/detail/detail. aspx? filename=
ZGDC20231129001 &dbname=CJFD&dbcode=CJFQ.

[30] EBRIE, 145, MIkT, . BEBRHANIES LS

REVE R 4 £ H be J R R AL 7],
52(10): 129-137.

WANG XY, XUJ, YANGZY,
multi-objective planning optimization of islanded integrated
Thermal

WK, 2023,
Research on

et al.

energy system concerning carbon emissions[J].
Power Generation, 2023, 52(10): 129-137.

[31] M5, JARA, ZFEBRAR. R AEH R T /R BATLEE )

Wr 5@ MsEiR D], BRER, 2016, 40(1): 220-226.
YANG XY, ZHOUM, LIGY. Survey on demand

response mechanism and modeling in smart grid[J].

[32]

[33]

[34

—_

[33]

[36]

[37]

[38]

Power System Technology, 2016, 40(1): 220-226.
R, 80, KR, %, X7 BHis PR
4 FALH B T 0k S R BA[)). BB R BilE
R, 2023, 21(2): 1-12.
FUZ X, L1ZY, ZHUJ P,

prospect of demand side management mechanism under

et al. Overview and
“dual carbon” goal[J]. Electric Power Information and
Communication Technology, 2023, 21(2): 1-12.

B, B, oM, S T RE RIS
PEI 23 AT 2R R AT AL BT R 0], B S
TEREYR, 2024, 40(8): 103-111.
LIJC, LUSQ, LANXY,

optimization of distributed smart grid operation considering

et al. Research on

dynamic characteristics of demand response[J]. Power
System and Clean Energy, 2024, 40(8): 103-111.

WRIEZE, ki, A, 5. BERMETHRTERR
BATACR D], TTREROAR, 2021, 39(6): 551-555.
CHEN Z J, ZHANG Q, LISY,

scheduling of energy flow operation in intelligent

et al. Optimal
building scenario[J]. Energy Conservation Technology,
2021, 39(6): 551-555.

G, i, R, % BIEARHE ENSTSE
REUR AL HATHZ]. A TREROR, 2024, 43(4):

166-176.
YI W F, ZHANG T, YUE D, et al. Day-ahead
scheduling of building integrated energy system

considering uncertainty[J]. Electric Power Engineering
Technology, 2024, 43(4): 166-176.

i, ZE, 2, & ETIREEEI N2 e
TR T ARKR B IR0, WRVL R /7, 2024, 43(2):
126-136.

XUD, LIYC, LIY, etal. A low-carbon scheduling
method for multi-energy flow buildings based on deep
reinforcement learning[J].
2024, 43(2): 126-136.
A2, BRi, T, . BRIRE F RN T
GamE RS EE M. B TREEAR,
2023, 42(2): 40-47.

CHENG S, CHENN, XUIJY, etal. Optimal energy

management of residential integrated energy system with

Zhejiang Electric Power,

consideration of integrated demand response[J].
Electric Power Engineering Technology, 2023, 42(2):
40-47.

RIS, ok, . ECE BT A Loy

A XA VR e X PR B AT AR AL L[], AR,
2018, 42(6): 1709-1719.
WU J C, Al X, ZHANG Y, et al. Day-ahead

optimal scheduling for high penetration of distributed



230 BERAES: ZETF KRR Stackelberg ZRHI/NX LR REIR RS E Vol.46 No.2

FNR2000), B, WA, EE
BT MNEEEREIR R4t 1284683704@qq.

com;

energy resources in community under separated

distribution and retail operational environment[J].

Power System Technology, 2018, 42(6): 1709-1719.
[39] FRGE, JrifE, B S BB HCE AT

RE A TC AL X TSRO AL R BE (D). b AL R 22 4R

2022, 42(18): 6611-6625.

LIXS, FANGZIJ, LIF, etal. Game-based optimal

dispatching strategy for distribution network with

FR5(1989), 55, i+, ®I#EER, E
BIWE T 7 DN B R G R, A SCE S
#, heng@ncepu.edu.cn;

multiple microgrids leasing shared energy storage[J].

Proceedings of the CSEE, 2022, 42(18): 6611-6625.
[40] BA3E, MOCHE, REE, . ETRTRUCEIER

ZHELANRGAVE MR D], FEER, 2021,

43(4): 14-20.

ZHAO X, ZHENG WY, HOU ZH, etal. Research

on economic dispatch of multi-energy complementary

2000y, 5, mULAFTLAE, FEE
WETE 7 RN HER,  gy15602073072@

system based on Particle Swarm Optimization[J].
163.com,

Huadian Technology, 2021, 43(4): 14-20.

Wk HRA: 2024-07-12.

BRI 2024-10-27.

fE=R (EARE %EE)
BEUIE(1999), B, WiLOiRd, =

BRI T AN FL R TR 3%, houlangbol @

163.com;

fRBATE



