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5 IX L5 A RE IR R GE MG B SN 26 1,2 gx1
RS, 32 1 thes P32 R X A &% 5 #%&  PIES,  PIES, PIES, PIES, PIES;
*1 ERBEERERE Emit 2000 400 1000 2000 500
Table 1 PIES equipment capacity kW-h EIGEE 1000 560 1000 1000 560
W#  PIES,  PIES,  PIES, PIES,  PIES; wUKIl 800 1000 800 800
KL 1000 600 2000 5000 4000 Hil v 1200 400
Stk 300 500 600 1000 2000 LR 300 1200 800
CCHP 1000 1800 2500 2000 1500 AR 800 900 800 1000 300

-394 -




EkF,E AT EBEMEN S EREEM

T RGBT AR A AR

®2 BRRMRBETXBSHY
Table 2 Key parameters of energy supply units

257 S8 BfE
EE S 0375
H =R
CCHP AR 0.500
& 047
BYERAR ZBUIC - (kW h)! 0.044
etk BYERAR ZBUIC (kW h)! 0.024
KH BYERAR ZBUIC (kW eh)! 002
. & 092
S IBYERA BTG (kW -h)! 002
) & 364
P
BYERAS ZBUIC - (kW h)! 003
& 149
P
el L B R BT (KW -h)? 0015
g & 095
gy
Hhit B ZRUTE - (KW -h)” 0011
— BES 092
BYERA BTG (kW -h)™! 0018
Skl o e 052
BYERAR R BTG (kW eh)! 0019
v, QU AR TR I E e 09
o A AR R AL 008
Oen SRUFPLA AL R 085
Tor BB S ARG 50
Paia AR TR 08

4.2 kAT BB LER 5T
42.1 YaeikE

R T BRI TR A ONUZ TR AR A A er ,
mﬁmw?&%mmﬁwmm«z Xl X 25 A hE
VR R GEIR K28 5 7 SR A T AR 2L

Yise 1. lzzjiuﬁﬂ%éﬁﬁffésc%m%'J

RYIEER 1S0 NS 5588, & XS ia
17, B3 5N 5SS , BAT A RIS S AL
il st 1 oSl X AR E T e s SR an gk
3R,

*3 HRI1RUER
Table 3 Comparison of optimization results for
PIES in scenario 1
X PIES, PIES, PIES; PIES, PIES;

BEA/IE  24936.54 30428.51 10544.19 38129.30 40 99145
BYEAT 104343 236734 3778.15 270770 197634
WL A /5T 20 335.35 2254227 6211.75 29243.60 32 870.50

mmf’{ 20969.63 4077.17 -1875.00 471537 510695
5 AT
WSRA/T  538.13 134173 238929 1412.63  987.66
GHERAIT 50 100 50 50 50

B 27.59 50.35 36.68 50.05 4844

Y5t 2 W R+ I B k- ZREA L

Y 1 FERE I, BT RS RERIE L
W Bt - SR IEAC By ML, LR EERILL 1S0 435
wgs e KA BAs R B HHO B3R i 150
e R mS ; T JEBAUR I Gurobi K f#R L4k
WO E M 5 N AR R PIES et i S
135 2 v PIES,~PIES, 2 S 1EBE W, BEM &
FAER 180 MRTIEBEIR , i 150 i —IEE Ak, IF
FEF et Shapley 1, ARHE 2 UM SO HERL 25 %
K 93 N 45 PIES #4780 25 43 TiC ; PIES,, PIES; $1U4T
F IR AR ALl I AE ) i, il
iﬁ%ﬁﬁﬁ-ﬁ&““?ﬁﬁ%%% % & PIES Rl HE 5 248

DERLas LR AL, B e e 2 it st Ja ¢

hf%@%%azﬁﬁmﬁo
422 YsiktE

OAVERR BB Tk

1 180 YTHEE T, Eﬁémiﬁf TEHL BRI
PIES 224 Z 43 i BEAZ S 25 A7 7E Sk 1 7Y PIES,
PIES; fF1EZ 41 1, I, PIES, 226 245043
L4 PIES,, PIES,, fE#b B lf b g, RIat, 7k
R 18O RIJEEIR, BCRAPESE AL BN A% A 1SO 11y
L, SEE L RBAE IS L A&l 5 R

p
/ . -
300 B PIES,—PIES, 4:H 300

COIPIES;—PIES, % HLHL

llll -

EWPIES,—PIES, 51 6000y

[ 1SO W4 HL
x:lﬁﬁ‘:i'éﬁﬂ 1SO W RS,
g 4000)

il

[ IPIES,—PIES, % MHL

& 200
.&
. umw

08 :00 16: 00 24 00 6}0 00 08: 00

lib /<

(a)PIES, 5 PIES, F{&%

16 00 24 00 : I 08: OO 16 00 24 00

%1 %
(b)PIES, 5 PIES, HLIL4)

(e) B 5 1S0 22 HAFK B

B 5 ERXEREEHER

Fig.5 Power transmission of PIES union
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Table 4 Optimization results for PIES in scenario 2
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Bi-level game optimization model of multi—park integrated
energy system based on electricity and carbon coupling

Wang Yongli, Zhou Hanzhi, Jiang Sichong, Zhang Yunfei, Li Yuyang
(North China Electric Power University, Beijing 102206, China)

Abstract: With the continuous development of user—side distributed energy resources,interactions

among multi—agent resources have gradually emerged. Due to autonomous regulation of distributed

energy equipment and diversification of operational methods among renewable energy and load

entities, it is imperative to establish multi —agent game —theoretic optimization models to satisfy

diverse interests. This paper focuses on multi—park—level integrated energy systems and constructs

a two—layer game—optimized scheduling model. First, a ladder carbon—green certificate trading

model incorporating an equivalent offset mechanism is proposed, considering carbon emissions

generated by parks during production and operational activities. Second, based on actual

cooperative scenarios among parks,a multi—park game—theoretic optimization model is developed

to study dynamic pricing strategies of integrated system operators and the optimal operational

scheduling of parks. Finally, case studies demonstrate that the proposed model achieves economic

efficiency while reducing system carbon emissions, unifying economic and carbon reduction

benefits.

Keywords: multi —park —level integrated energy system; two—layer game —optimized scheduling

model ; ladder carbon—green certificate trading model; dynamic pricing
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