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Fig.1 Composition of integrated energy system in industry agglomeration zones
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Table 2 Cost and carbon emissions in various scenarios
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Abstract: Industry agglomeration zones encompass the entire industrial production process, and their complex industrial chain
structures and diversified energy demands offer significant potential for the optimal configuration and carbon emission reduction. To
this end, an integrated energy optimal configuration method for the energy demand in the process of service industry agglomeration
zones is proposed. First, based on the differentiated energy utilization demands in various production stages, the energy supply of
the industry agglomeration zones is divided into multiple integrated energy systems that serve distinct industrial processes. Then,
taking the system operation economy and carbon emissions throughout the entire industrial production process as optimization
objectives, a bi-level integrated energy optimal configuration model is constructed. Finally, taking a semiconductor industry
agglomeration zone as an example and considering the correlation constraints in the process of energy demands, an improved non-
dominated sorting genetic algorithm (NSGA- I ) by hybrid adaptive crossover-mutation is used to optimize the equipment capacity
configuration based on flexible energy utilization in the industrial production. Simulation results demonstrate that the proposed
configuration method achieves optimal configuration of multiple integrated energy systems while balancing the operation economy
and carbon emission reduction requirements of industry agglomeration zones.

This work is supported by Jiangsu Provincial Science and Technology Innovation Special Fund for Carbon Emission Peak and
Carbon Neutrality (No. BE2022609) and Xuzhou Special Fund for “Dual Carbon™ Basic Research Project (No. KC23076).

Key words: industry agglomeration zone; integrated energy system; process correlation; optimal configuration; hybrid adaptive

crossover-mutation
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o i B e R AR N 23R 5 i 0 v 20 010 R0 i RS 5 1) BRI PR R 5 0 (2 ) ) s (2) 20 5310
i A BE A TE £ I8 20 14 B PR AR POIR SR B 5 oo AR AETR KL S, 05 (2) T2 m 4> TES AP i R 5 78 210 %)
A fiff AR 5 Sop o MR FRBE AR TP IIC B 2

9) Fi il fiE 13 A A 2R

)Az)O
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0 < PIIL ESin ( 4 )< PESin‘max
O < Pm, ESout ( [ )< PESoul, max
NEsin L ESin (¢ )Pm,usln (¢) _ LEsou (¢ )Pm,ESuul (¢)

Sm.()(‘([):S/;l,()(‘(ti 1)+ S S ” At
ES ES 7 ESout (A13)
0< S, oc(t )<< Sis
Zisin (1) Tpsou (1)1
24 ( X <Sout ( [ )Pm, <Sout ( t ) )
Z(ﬂﬁsinxﬁsin (£)P, esin(2)— = . = At=0
=1 ESout

K Ppsio ()R P, psou () 535004 55 m A TES H gt 1L 35 85 76 £ 1 200 58 70 R 20 285 Prsin, v B Pesout, max 23 591
SRy it LR i R 3 F RS ) 238 5 i T s 23 900 A0 A L 18 8 5 HEL TR P 2% 5 s () T s (2) 53 300 A0 i
FL A 7 £ I 220 1 5 A AR FEIRZS B 55 S o0 (2) W5 mA> TES Hfiff AL 348 7 ¢ 16 220 A il L 5 Ss A L 078
FRBCE A HE

10) 6 AR % v i £ B AR

P,oov ()= 0oy S, ov T (1)

0<<P,.ov(1)<<Pry mn
K P, oy ()5 m A TES HOGAR A U AE 58 20 0 % HH D28 5 ey AOGAR R HL AR S, o A m A TES SRR
AR 5 Tooger () 07 ¢ B 20 S BRBR BE 5 Py, e W IGIR K LRI B 25 1
AARZHESEHAR

1) H By 32 - Ay 249 R

(Al4)

Pt ()= P10 (1 )+ P; (1) (A15)
Pm.load,adj([):Pm.WH(}([)+ P, (2)+ Pm.inbuy(l)+ P, (t)—
Pm,omsale([)i Pm,EI’,(Z)+ Pm‘F‘Sm([)i Pm.ER([)i (A16)

P insae (2)F Py ouivy (2)— P psou (1)
K H P vguaa () R m A TESFE ¢ 85 20 A4z 7= 11 R AR 8 P8 22 J5 19 H AT 5 Pvosa (2) 5 m A TES FE 2 B 21 )8 38
HT L AR 5 Py (2) A 2 B5) Z20 91 F g ) ) 38 o
2) Iy Z Al 24 R

Qm,loa(Ladj ( 4 ): Qm,load ( ¢ )+ Q],adj ( ¢ ) (A17)
Qm,load.adj ( 4 ): va EB ( t )_ Qm,WH(; ( t )+ Qm.(}H ( 4 )+ Qm WHB ( )_
Quar (1)+ Qrsin (1) — Qo rsou (1) Q. nl)uv( F)— (A18)

Q. ousate (1)— Qo ineare (2)+ Q. oull)uy( t)
Qo (1) N EE m AN TES FE ¢ B Z0 AL 72 1500 A2 2l P88 5 I BT 5 Quvona (2) 5 m AN TES FE ¢ B 21
iR T QJ i (1)K LIS Z0BRAT jBA AR a7 110 98 R i
3) ¥ My Z VAl 29 R
Cortona (1)=C, ax (1) + C, e (1) (A19)
K Copvona (2) R m A~ TES TE 2B 2] A9 1747
DRGEE FGRAE M/ BRI )R8 H Y
0< P, oy (2 )< P e outbuy Lo, outhuy (£)
0<C P, ousate (1)< Py oussate Tonoursate (1) (A20)
Z s outbny () T ounsare (2) < 1

FH 2 P outuy T P ounsare 73 51 09 TES (5] B 9 I B 145 B TR E IR AR SCHC 1800KW 5.2, ouiby () F1 2, oursare (£) 53
WA m AN TES A8 ¢F 21 i) w50 0 e, S e, bR 25 728 B, AR ) 2 7 X F R e ok o
5)TES [B] H, /# Ty R 28 1 24 o
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Pm,insale ( ¢ ): i: i Pm, inbuy ( t )

1 m=1t=1

o
=

m=1
0< P, inbuy (1)< Py i Lo, inbuy (¢) (A21)
O < Pm,insale ( t )< Pin‘me\x T, insale ( l)

Im,inbuy ( t )+ Im, insale ( t )< 1

ﬁ I'I_l :Pm,maxj\j IES I‘Eﬂ EEEJ%'{%%J:KE ,ZlK)'CE:X 1500kw ;qu‘inbuy(l )%u xm‘insalc(l )ﬁJ\EUj‘J IES I‘Eﬂﬁ ZHTJ‘ZIJIJ\VQ EE,*H%
R R DR S A o 5 R R () B Ak LA BB R

t

Bt % B

RB1 FERBEEHASH

Table B1 Equipment cost parameters to be configured

W I8 AR /[T / (kW +h)] TR A/ (UG /kW) H5 i /4%
ek KRG 0.059 6000 25
g BE 0.023 544 5
AR AL 0.073 5285 15
R 0.17 500 15
YN 0.069 4285 15
R 0.066 782 15
GERAP A 0.066 1047 15
il g 0.073 102 20
i = ] v L 0.043 789 15
CIRREIN 0.045 598 15

®B2 FHEREBEKETSH

Table B2 Equipment operating parameters to be configured

25 e ZH B
Npy 0.15 77s.in 0.94
778, loss 0.05 PWHG 0.8
MES in 0.98 7S, out 0.95
MES . out 0.99 /ey 0.9
ot 0.42 €gas 9.44
acr 1.2 ep 0.98
QAwip 0.5 NAR 1.2
Awic 0.5 7ER 3.5

RB3 BEFEMIE
Table B3 Energy price

R/ R/ KB/ BN/ SR/ KB/ KRS/

e DE/Wh)]  DE/Wh)]  DE/AWA)]  DE/W)]  DE/W)]  DE/6W-)]  6/(kW-h)]
23:00—07:00 0.41 0.19 0.20 0.60 0.18 0.16 0.387
08:00—11:00,15:00—18:00 0.74 0.19 0.20 0.60 0.18 0.16 0.387
12:00—14:00,19:00—22:00 1.2 0.19 0.20 0.60 0.18 0.16 0.387
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KB4 FESBHEEFHEXSH
Table B4 Parameters related to semiconductor manufacturing
5 ZHUE 5 ZHUH
01 24 h G 0.108 kg/(kW-h)
e 24 h Ot 0.124 kg/(kW+h)
Y2 40% Gon 0.109 kg/(kW+h)
M3 20% O 0.017 m*/M1J
ép 0.5 Asr 0.021 kg/M]J
£q 0.25 o, 0.672 kg/(kW+h)
e 2.162 kg/m® o 0.470 kg/(kW+h)
xB5 HEHEXSH
Table B5S Parameters related to algorithm
SRR ZHH
TR/ 100
Ko 300
Nsbx 0.7
Wsmlianx 0.2
SN 0.8
Frux 0.4
Foin 0.9
#0 10
Ap 0.1
PO mpwm O o i
—— WAL —— MW FE ARG 5000 " —o— 41 g1
4000 F o gy g1 i 4000 | oy 204 61 Lt
4000
3200 3200
E 2 E 3000
5 2400 3 2400 %
® & ®
1600 1600 2000
800 800 1000
M
0 X ‘ ‘ ‘ ‘ ‘ 0 [T R S o
0 4 8 12 16 20 24 0 4 8 12 16 20 24 0 4 8 12 16 20 24
I Z1/h i %l /h I8 Z/h
B1 IES1#%E A fify
Fig. B1 Typical day of IES1
4000 4000 .
e 4000 R A i
—e— EEH A —e— R A T AT
3200 F —e— KL FA fifif 3200 | —e— i I A 111 3200 | —*— X F R AT
= 2400 = 2400 = 2400
x = >
= 1600 R 1600 = 1600
800 800 800
oo to et 0, et e . et ot o o N, oo sy . 8o 0006060 o5y o 0 oo s o oo oo
0 0 . . 0 v : : : ’
0 4 8 12 16 20 24 0 4 8 12 16 20 24 0 4 8 12 16 20 24
I 221 /h i Z1/h I Z1/h
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B2 IES2 818 H fafy
Fig. B2 Typical day of IES2
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2400 ;
e 2000 i 24000 e m
D iyl e R e R
—— EEA R —e LA 1 —e— R Gl
1600 1600 1600
< z <
= = =
: m ) :
0 0 M o N_/\""’\
0 4 8 12 16 20 24 0 4 8 12 16 20 24 0 4 8 12 16 20 24
w2/ 21/ B %/

B3 IES3#E H fify
Fig. B3 Typical day of IES3

Bt 5% C

DX FREARETT R a, T 45 P A4 o 3 M X, 2 — 25 A — A Ve

c, E,

X:€2€2 (C1)
Cy Ey

Vo = z,,L (C2)

A
ny/,
a=1

K CoWE — AR AR LR A AR B S — AL 0 AR R HE IR 50, R IH — AR B SR AR BT % 52, MR 04 H
PR AL EE 5y, N Pareto i 2 JCE 5 A 2 Pareto i 9121, X BLEC 40,

2OMNEH— L RE i Hps 0 IERA R v, SHOHEM o, MRS T RS EHRBMMES U, 5088
fRMIBEE U, o

{'U/,:min(vu/,) (03)
v, =max (v, )
U, = i(vah*v?)z
! (C4)
U = D (vu—v )
VTP VEAN 8 b £, I HE T, e KA B A B AR i
_L (C5)
Ut U,
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JERAFRE 1 (W/m?)

1200 1200
MK 1200
- —e HEWR A
R —— HWEE R
1000 e EER 1000 s e R 1000
/ ——HBHH = / S =
800 7 E 800 \ E 800
g \ =
600 {’:p( 600 & 600
= =
400 = 400 B 400
R £
200 200 200
0 0 - - 0 s
0 4 8 12 16 20 24 0 4 8 12 16 20 24 0 4 8 12 16 20 24
W1 /h WA / h WA / h
ECl BABARFBRSTALREE
Fig. C1 Solar irradiance profiles for typical days under various weather scenarios
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—o— L BiA O B S =
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5000
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= 2400 <
P >
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L R
1600 2000
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ok ‘ ‘ ‘ |
12 24 36 48 60 72 0- ‘ : ‘
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It Zl/h
B C2 IES1GfiRE AT fEXt b B
Fig. C2 Before and after adjustment comparison of IES1
4000 o L G g 1 B 4000 G T T
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< 2400 = 2400
< <
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800 800
ot ‘ ‘ ‘ ‘ ‘ oL
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i %l/h
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B C3 IES2 G778 A e Xt bk B
Fig. C3 Before and after adjustment comparison of IES2 loa
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—— LA S
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N
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o
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48 60 72 84 96 108 120 15 Zi/h

5 Zl/h

C4 IES3 ST &I /ExI it &

Fig. C4 Before and after adjustment comparison of IES3 load
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Fig. C5 Operation chart of electrical and thermal power for IES3
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