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Fig.1 Framework of the industrial park
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the industrial park

2 TWEREXNEZER

21 ERXE
2.1.1  HFbreE%L
VRN b 248 B 1 el DX )22 A o B2 H A 2 52 B
bl IX G184 T A B AR, 25 B IR AE 53 A Al 1424 RE IR 2
5 TGC iy Toll bl X H AR sk > sk (1) —R(3)
NS
min f, = Cop + Ccoz + Cge +C,, (1)

T
Cop = Z‘] (6e(t)Pbuy<t> - 6e,seHPsel]<t> + Bgvg,buy(t>)
(2)
H T

Cow = 2, lsozUz(t) (3)

z=1 t=

Kb €, WREXBITNAS ; Coo, ARG INAS; C,



& AH) ALK 114

H TGC A C,, AL IE 4 B4 5 T o0 o 3 )&
W5 6.(0) g o WEBESERF LAY 5 Py, (0) oo BB X
Wt ; 8, o N HLANAR; P, Mt)ﬁtﬁﬁ& CER=¢
8, HWRIRZMME s V, 0 (1) o IPBRI AR5 H Wit
REE & BB @, MR z MAANLBYERIAS; U.(1)
WA 2 76 ¢ B B b/ #R I 3  Soh Z2 g L2 s
A
(1) Besg Zy ML - g BRI ol el DX g HE ik, SCrh
SIARIE G AL Tk el X fEis {7 B A K
A 2 SR HE, B 45 58 4 B 1 25 L S FEL )
EFERE ML A P AT 1B AT i P AR R HE T, Bl X &R
ARG T AN (4) —=(8) iR .
U.=U, +U, + U, (4)

T

Uy = 3 (aPy (1) +b) (5)

=1

U—-Z<%guu>+b&ﬂu» (6)

g (1) = Pep(1) +HLHP<t> + H () (7)

Uy ‘ZZE,PJ (1) (8)

K Ug ﬁﬂlEﬁ'ﬁf}%ﬁFﬁﬁli, Uy Ug Uy 53510
TNl el XA H, g ARk R TR A R AR BE Al A 7 K
I A BRI s @y L by T VR B HE AR AE
FHG ay by WFERBAE AU IE R G P, .0 (1)
Hyov B 1&%#»&%7}‘ H T 2 2 F

Pop(t) « Heyp (1) 5359028 ¢ IHEBL CHP (1) %0 M HlL | 34
s Hep(1) Sy o W BRI 25 &
LIy J Bt HE R R 2 Py (o) 9 jAE ¢ I
BFEH & .

H I, B 32 55 111 3 1Y 32 SRR 3O 1 B A7 12

A TCAERCA, BRI (9) Bis .

T
Uy, = 2 (A Hp(8) + A Hep (1) + A Peyp(t))
t=1

(9)
Kr: Uy AWIIRERIECH; Ay, A, 535 TR
Th A B BR IC AR 2R 50
bl [X 2 5 Wk 58 5y T 93 W4 58 5 o T S B e 1
THCER: 5 B HIR TSRS 0 4 22 15 R 19, W3O 2 J 0
Toll bl DX YRR AE 2 AT A= (10) Bs
Cco2 =¢(U; - Up) (10)
e e, NG ks AL
(2) TGC: B TGC AL S0t RPS, it 1 M
AL BT RE IR FR i L B AR, 80 0 R Al A
R 7 P B el P — R B S (R g, BOR T 9%
D& € PRI 722 — 5 I, BURF 1) RE U % v
AV R TERIE, L BR 2 5 i s i g o, Al LAl

i R SR UEARAT W45 5 53 — T 1T, AN 2 P v
PO SR G Al U P 75 2 TGC T 37 A &
WEZ S WAL B X 2 5 TGC iy AR =X (11)
Bs e

r
Cgf', = Sg? Zl (Sgepllﬂa(l(t> + Sgep\vs(t) - P]’)V<t) )

(11)
s 8, NEEN 18 &, 9 RPS R [l X 2r 0k
PLARFEAR R P () 24 ¢ BT bel X N R R 6
RE AN L SR 5 P.(2) O ¢ I BEmi AR RE A 1
FERYHL s P, (1) A ¢ IFBOGIRHLA L Ty o
2.1.2 BT
(1) FPAFL I, Tl Bl Iz A7 3 7 v 2
SR B
Pbuy(t) + va(t) + Pop(t) + Pyy(t) =
Po(t) + Py (1) + Ppy(t) +P (1) (12)
Hep(t) + Hep(1) + Hygy(1) = Hyo (1) + Hy,y(2)
(13)
Vg (8) Ly = Mp (1) + M (1) (14)
s Pes, (0) | Puy(1) 35100 o I B8 F M A 5
RN Hyys (1) Hysg(8) 2050000 ¢ I B S Y
FE RN A Hyg (1) Ry o I Bl XA F A AT 5 Ly,
HRIRTIME; Moo (1) Moy (8) 735000 ¢ B BUA
FHURBR SR I AR I K AR ST 3 (AR R AR <A
(EFEH I ) .
(2) CHP HLAH, BAHR AL AR R Y, il
RHRSEHLIZ T A HL , A HL 7 A I A PG o A PR

B REAT DR P 1) FH P AR
Peyp(t) = 0o My (1) (15)
He(1) = Poyp(1) (1 = 0 = 6,,.) /0 (16)
Heyp (1) =0, Hep(1) (17)
Pow(t) < P (18)
Iz Or Oy, TP IR TR HIL A e LRI AR AR

P& H(,T(t) h v BB ER LT A 1 AT R
O,.c ARFERY AT Poy A CHP HLALY
KK EIIR,

(3) firRE A%, Bl DX Hp (19 35 R Yt R 5 A 2 17
AT F S A 7

Sps(8) = Sps(t = 1) + s Ps (1) = Psy(2) /sy
(19)
Sis' < Ses(1) < Si° (20)
Ses(0) = Se(24) (21)
{Pm,(t) < P (22)
Prgy(1) < Pgs’



115 Wrtid 45 75 18 AR RE A 4 A 2 e R AR A Ml el IX AUZ A 9 BE

Sps(1) = Sps(t = 1) + My Pus. (1) = Prsa(1) /Myysa

(23)

She < Sys(1) < S (24)

SHS(()) :SHS(24) (25)

{Pnsu(t) = P;E;: (26)
Pusi(1) < Py

e Sus(0) L Sus(2) F3 31 ¢ I B &S H R &5 ARl
E/‘Jﬁ%ﬁﬁgi, MNese ~ MNEsd ﬁ'%uj‘j%%ﬂﬁ E/‘J?ﬁ\ﬁi EE%(
%3 Nuse ~ Musd ﬁv\%lﬁﬂ%ﬁ@ffgﬁ‘ﬁiﬁiﬂﬂﬁ, Sggx N

Sy AR AR L A R S L S 4

NEREAR BRI P L PR 3B R A
3l NI

(4) R hn, ey (27) (=0(28) Fin.

Hep(1) = 053M (1) (27)

Mgy < Mgy(1) < Mgy (28)

s O IR Y I RE L OB My L MGy
IR FE IR BT R

(5) SR Ty 25, Toll bl XA B AR S B i
TS I LT o

P, (1) < P (1) (29)

X Py, (0) O o IFBOGIRH 7 i B
2.1.3  HIEHA R

Nt —H Bk 3P BT SR A Y AT R X AN T
Gyt T Tl el DX B U A 5 AR AT TR 0
FUAHERR T SR AR 40 i B 1A Hi, 1717 28 A0 3R 1 °F- Jy
FIHEAT AL, LR /)N, 27 I Ik 28 48 0 Ay DA 4 22
ARCR AT, 5 =0 (30) s o

Fy :%; (Pan,lt(t) - Pall,L(t - 1))2 (30)

e Py (0) R o BEBER S fAfar o
22 AR
kY FFSP J& — 2 LAY () 20 5 e fb [a) 8, —
AT AR A cn AT m TE N T T, B8 T
A M EAAEFE AT, BB HLE 0 A [ A
HABT ] BEFEA P AN Rl BT ok AL s Fl i 25 7F
N vl 5 AN BB 58 4 A, RV BLES AL F1EHL
AL 2 THFE R RE , T LA & Ml 19 REAE B n TR
FERITEHLAERE DI TR 20 41 ™ . 2% 3Cilik[29], X
HRE I 5 FE BB A A8 AT H A A2 9 A0 5 R TR
() ARG AR 7= AR, Al (9 H bR eR % 4 (8138 17 1Y
RN
min f, = max Cijk +[8.(0)P, () —¢(Cy — CU[))}
(31)
YN,=n j=12,-.m (32)

k=1

Cijkxijk = Si(j+l)kxi(j+l)k i=1,2,-,n (33)

Czjkxijk = Sljkagfk + Pijkxijk (34)
C)\jkx/\jk = S(A+1)jkx()\+l)jk (35)
M,
Y wy =1 (36)
i=1
Mj n m M/ m
P.(1)= IZ z zEng,','kyW + IZ zK/k[jkzjk:
i=1 i=1 j=1 =1 j=1
(37)

K Gy AT T j IBLE B LRSS T
%] 5 Co o Tl Bl X WIRIE 17 A 5 £ b R 2
M; Sy j BT Rl FHPLEREG N, e j BIBL
b TR TG 0 i ARG« BUE
HOE L, FoR T ZHAE T j RbLAs & B
s Sy NLAF AR j WIHLE b B AOIT IR Ty
205 Py N TAF (£ T)Y jRIHLER b A0 T ] 5
Ey NI i R iIBLAS & bR BRI (8] hn T RE
¥&; Ky LY j WHLES & B9 BALN I RRULAERE: A |
A+ 1N E—GHLAS EARSRA ALy, B
EN 0BG 1,1 FRon TAF i A5 ¢ F BN ZEHRAE T j
FIPLES & EIN; 1, D9 TR 7 LA k ROREBLINE ] ;
2, BUEH 0 5% 1,1 FIR ¢ B TR HEE T j
fIbLas & BT,

A (31) Fom HAR ekl 3K (32) R 7 Bl 45 B3
TR A IHLAS 9 AR B A1 s 3 (33) 2R
B TR — B B vl ab 207 b — B B se s
A ReS i 3 (34) FoRAT AT AR 52 U a) Bk T
HAEFENLAS F A AL PR E) AT LR i 1] 5 5 (35) e
BB HLEAE [F] — I A RE AL B — A T, BU T 5
FIBLE b ENTTASE A+ 1 AR IF 4 i ]
WAUR T 8 5 Tz bl b — > A A9 I 258 Bt
1] 3 50 (36) Frn A T AF Akl TR A9 T L RE 2 L
Zh— B Mg N (37) Fom bR AR RE Ak B B AR L
HI2S I CHL & FERE S TR HLALER RO FERE A N5

H B RN L B ) A 7 AR 1 1 AN ], 2
% SCHRL 30 ] s T8 Jy ks, XoF e Rfn ZL ek ] A A 7
JAS SRR TS 2 A AR B

oy # o, FEAEAREBCTRY 2 A HAR:

v, =max Cy (38)
v, =8.()P,(1) ={(C, = C,) (39)

Xf v, o, PEATER ZACAETE, ekl V) FL Vo
V= U”l __Ul;.ax (40)

Vy=—"—"+ (41)

UZ,max - UZ,min

0~ V1 2 0 BRI B3 B A 5/



& AH) ALK 116

{5 3 ~ V2 230K vy BUAS P S5 AR AN /MBS

AT AR R E AR AR (31) A

min f, = uV, + (1 —,u,)V2 (42)

A RO T A AR R %L, BUE X E [0,
1], HAE R 2 B bR ek Brb d5e R e a] i A R
B, B RN TR )X FESP HEFE 25 2R 10532 i ik K
SCHER =1, BIAE P2 A AL EE R O 1/ 50 /9 el X
BATHAANER Cyo
2.3 {RBIKRR

T Z T T TP B A5 45,
FDIL KA 25 i CPLEX 71 HRFERT R, RZ2 A
i R AT FFSP (R . Horh, sl A%
Bk HARSRE B2 T B8 RE
e R B ) J ke S P 22 Sk [ 33 ] R T itk
WAL AT P SR 0 i F . BT R AR 4o
El 3 e BT u s RIS g WA R %
AL

L

E
THEAEZE Al KN T
Bﬂ‘l‘fﬂ*ﬂ‘}iﬁﬁ HifE
HEAT Pl X R AL,
TSR B

!
SRECFIRER) H br o8
ﬁ$%ﬁ&§
S BRF

ESEd
i

| u=u+1 |

RGP
TR R M

iR

B3 HEKERRE
Fig.3 Model solving procedure
B, P HEAZ AR FhRE, 45 0 TR T
23 BCIE B0, T 530 H v A6 BE Al 1) e R T ek
) Az A DL S IHFE L RE . AR, 7E 4 A HERRE Y
SEnli e X s A7 JE #EAT A B, s (1) —3X
(29) AT bl X2 18 0 Ak ) B i) Rt — A IR 20
MUY, o] B4 ] CPLEX SR ge it 1758 . [

D219 4 R0 3 AR A DA A [ 45 ill, AT
ARIBCRRERY H AR oR BB A A N B . B, e i
SE S AN AR A, AN IR 2 A B 2 AR MU L A
A Ji HH b el DR AR RE ALl IR BE T 56

3 EBHISH

31 BHIRE

PIL AT RS N = L1 o Y A T R 3
B AUAC IR BEASS R A4 5 BRI, SCH LA — A ML 78 Tl el
DX R B BEAT 05 B3 Ao SCH BT IE S A ol el X
A —MIRG R BHLE P Aoll, 275 SCHRL 34 ] i 5
B, 0TS HETAF B T ARRRA 3 I,
THLER B SEBRAN I RN 1 Fr7R o A ALas Bz i
AU TREFEUNR 2 FT 7R, B B B0 I 1) 155 BIL AE
WNZ 3 Fro. 3 38 T 4 BN Bk HE B ZR B Sl
0.236.0.185.0.258 kg/ (kW +h) ; [itl [X 25 = #ERE A
AN R K & R 30% o Al -3 fin T s i) 4 e [X 3
BERII A 1 do [ 4 D Tl e DA BAR ) MRS
FEREAR AT 1 HL AR A0 A BIAEL . 0 ) R A A 4
B Bl XN AHSE RS RN R 5 Frs , o iRl
ZRSHE I35 ] Bt e 3k B R S B &
R AR = 1005 S RIEARIR AL ¢ = 2005 58
SRS IR AN P, =0.9. P, =0.2, i Tkt
LA BA A, A P Oy TR D /MR
SRS , 7T A T 2 UL B BOT ™ . 3
ARSI AT 5 U, PR AR e B (EL A P A
BO7 A N LR AR

®1 MIAE
Table 1 Processing time h
TF 1 T2 T¥3

ik
B T e e e % o W

LR W N =
o Y N - N )
W N W W N
F SO SO N Y

4
4
6
5
5

S B W W
w9 N W
BN e Y BV I )

F2 HERERALATE N TAE
Table 2 Processing energy consumption per
unit time of the machine kW-h

TH¥l T2 T¥3
Q Q Qs Q Qs Qs Q Qg
480 530 420 500 400 430 340 400
380 400 450 450 700 600 480 350
550 680 500 380 470 750 470 520
400 700 480 420 660 680 320 470
350 420 500 450 550 550 480 400

W

wn R W N =




117 Wrtid 45 75 18 AR RE A 4 A 2 e R AR A Ml el IX AUZ A 9 BE

x3 SRR EGFIAE
Table 3 Standby energy consumption per
unit time of the machine

Plas  FRULREFE/ (KW-h) || Bléd  FerpLAERE/ (kW-h)
Q 20 Qs 20
Q, 15 Qs 10
Q3 10 Q; 20
Q4 15 Qs 15
5000 r =ik

4000

3000

2000

R KW

1000

0

00:00 04:00 08:00 12:00 16:00 20:00 24:00
Fif %)

B4 YN FRBRAALIME R AFHRUE

Fig.4 Forecasting values of photovoltaic output,
electric and heat loads
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Table 6 Comparison of the results of different algorithms
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Fig.5 Gantt charts of FFSP results
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Fig.6 Results of electricity and heat dispatching
in the industrial park
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Table 7 Dispatch results of high-energy-consuming en-
terprise and industrial park under different target weights

R X U
Eﬂ'%/ Eg: Rl ERKiE -

" B /T RA/TT 24 *t e/

h T [(kW)>-h] %

1 16 25 682.4 0 89 095.5 291 147.9

0.7 17 23 062.0 799.6 86 430.3 258 390.7 -11.25
0.5 19 21003.5 13153 84 711.3 236 972.4 -18.61
0.2 21 203323 1397.2 84 438.1 219 577.3 -24.58
0 22 184852 1875.1 82 845.0 277 675.5 -4.63

3.3 T ERXuHE 2
TEu=0.5 B 25 B ax 22 7 1 TGC /i Ji Tl [l X
W 1T RAS AR HE L, AN 8 s o
£8 EEMZEMTIGCHEMNILVERIETER

Table 8 The results of the industrial park operation
before and after considering carbon trading and TGC

REFIE RRHE BB T mreREdal SR
[V TGC  JA/TC MmaskHEi ke i/ ke
% % 783615 65832 86 504.3

£ % 854147  6253.6 77 583.0

5 B 772580 64793 85 421.1

P B 847113 61477 76 690.4
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Bi-level optimal dispatching of low-carbon industrial park considering flexible

shop scheduling in high-energy-consuming enterprise
CHEN Jian', TANG Zhiyuan', QIAO Ao, LIU Junyong'
(1. College of Electrical Engineering,Sichuan University , Chengdu 610065, China
2. School of Logistics , Chengdu University of Information Technology, Chengdu 610103, China)

Abstract ; Under the 'dual-carbon’ goal ,industrial parks,as the most important and extensive carriers of industrial systems, must
undergo low-carbon transformation. In this context, this paper establishes a bi-level optimal dispatching model of low-carbon
industrial park considering flexible scheduling of high-energy-consuming enterprises’ production workshops. The model fully
exploits the flexible adjustment ability of high-energy-consuming enterprises, obtains the optimal low-carbon scheduling plan of
the park by flexibly adjusting the production scheme of high-energy-consuming enterprises to realize the coordinated operation of
the industrial park and high-energy-consuming enterprises. Firstly,the upper layer establishes an optimal scheduling model with
the objective of minimizing the total operating cost, taking into account carbon trading and tradable green certificate costs. Then,
the lower layer focuses on the flexible scheduling problem of the high-energy-consuming enterprise’s production workshops
within the industrial park,aiming to minimize the maximum completion time and cost. The cost savings achieved by enterprise
scheduling at the operational layer are used as subsidies. The upper and lower layers continuously coordinate and schedule plans
to achieve the optimal objective. Finally,the feasibility and effectiveness of the proposed model are verified through case studies.
The proposed approach not only reduces production costs and improves production efficiency but also effectively promotes load
balancing , realizing the low-carbon operation of the industrial park.

Keywords :industrial park ; high-energy-consuming enterprise ; flexible scheduling; carbon trading; tradable green certificate;

optimal dispatching
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