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Abstract

This paper combines the theory of carbon footprint and basic supply chain model, add the carbon
cap and trade mechanism into the basic supply chain model. And a comprehensive analysis of the
impact of carbon cap and trade mechanism on operational costs and network flow has been made.
Based upon basic transportation model, and taking into consideration of carbon cap and trade
mechanism, we construct an optimized transportation network model applying 0-1 mixed integer
programming method. Through the numerical simulation analysis of the model, we consider the
influence on the enterprise’s operational cost and strategy under the cap and trade policy from
three aspects, such as consumers, suppliers, manufactures. The industry can use the model to de-
velop a reasonable transportation route to reduce carbon emissions and operational costs.
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R E SR, BRI RGN R AR S T RO R, 5 AR AR,
FAAEH & BRI E SR LR IR B SR B 1968 £ [ 25 £ R BUR M R Al TR RS S
G IR R “HEBAEE 57 BRI R R A Bk T 0I5 G HE U w1 B, % ISR URH R HEC AR,
HRTEHBA AT, # AR 7 SRR B [1]. ML E R TR T X /K75 G i I6 B4R H 1 HEL
BT G0 2 P ARR A BRAR WG, G2l == SR HFIBUE )t A RE i

EH R 23 01 2 % B 1D A 0 B A v 3 00 e MBSO VT H (MEET) el &6 1 BT A (R I8 i % v 7=
AT FA 5 G2 A R A T R 1 7 VAR R (R HE R A R B[ 2] RS T BT AN R R A
(T8 2% 20 DA S 2 Fhia i 77 30, SR T 5 REIR A P A OGBS e HE SR R T . s K TTER R SR T
P SR BB HE R AR A AT — 52 (A B AN P, LAt 2 2 /e b 6 Al B A 4k 3E 47 T SR
4. Tolga Bektas and Gilbert Laporte A 75 44 BHE R Bk T 2250 1) 5 fmr A BE , 7028 i 2 3 B A AR AR
Fehb By TG YR AR, KBRS R HERCGE AR MR R S S RN, BUE I PR SR S
HT A “HBI A B RERA2[3]. Emrah Demir M6 S0, BUE B SGE T SR BEHEIR
ST TR TR LG LR e] F B R HE TSRS 2 2 Ji5 8 T IO 5 6 A, e A ek B 1)
T . HIR, BEFE T 5 LBk 42 I fU(PRP) 7 I IB) 3 1) ZE 40 8% 4 Il J I 28 B P SE A (VRPT W), BRETT
RHE FERN AT B ) S /M ] R [4] o AN [R) 2 N2 A A3 BE R A 7= T3 B i A8 o 7 A 1 — Ui 1 i 8
FEIEFE, RV T A A BRHETBCT AL % 9 28 B v 1] R, 75 R B HE TR AR 2 T 2 5 M R I8 ) 4% T 5 4
AR IS K AR AN B B [5]

FIRIE Py 0252 0B BR A5 22 Gy L T Al ig & B L LIS T F M RR, (R R N 4
FROPE A BB T8 i REURTE N AT A e — B R NI FE o DA KR BIE A0 190 K 78 43 25 B ik A2 28 7E fiE 7
HE W) 2% (1) B VAN g, R T SO R] BB A AR T RE SR A B LR ER T AV A B TR R
A RIS H T H B RGBT AN, JCHORX TSGR R IR AE 22 5 1Y%, BUR IR E M Al BRATUN
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AN S ELFF RGN A — DR HHER . KUk, 08 1 S SR IS 748 m Ak A R
EARI R AR IS S A A B A, B FOB IR A5 52 Sy ML RPN B R 28 BAG 20 2. BRIR A
AT G 5 A Bl T 9838 8 BOAS, 2 B ] 5 ) A L Bk 8 X 24 A2 1 o SR A A 0 — 28 BRI
HFERTTT

2. BRIRFI S Z S B T A EME MR E

BRPRAT 558 Sy MLk AR e 21, R BRI 7 Al & B B HFBORL, kT AAREE B B (14 7= 75 5k
WIS WAL 5 6 A BT R R A SRR R, P SRAS R 2 14 (R S Al 2 TR (R4 o itk T B
FERRAE 5y 11 3 b SE S HEBOBURI T A H A BOR A 1A 2«

XA SO (I BR BR A5 52 2 AL PR3 s AR s feise

e —: BRI T RE R I E R, A0 2 B (B SRR B 1T) .

BB T B IS TR 0 12 WA N P — 7 — V8 B I BR AR OR ST

RBE= BRI RG SN B A P B R B e .

BRBEIY . 3 BOE B T HH AR A &

BB SEARSC IS A . RBDRAS . BRAE S BRASHR A2 5 38 i A R SR ) e SRR B

BN AR R (8], I R B R ARN S BB HE R S AR B BRI T R, A
TV B 22 B HE TSR 5 S AIE A K
2.1. BRIREEZSHEI THIEERA
211 5EMMEXHNERA

TV E s R A A AL G B IR BE . AR B ey B, AR B 3R AR R HLA T
B AN R8BI A SC R B AU R BR O B fa A BRI, HL A R O T B A F R R
RN, HCRATTRE I e 5 0 R 2 485 7 A AR B, AR AR £ Ml S B R I 55 B0 R S e 5oy PR 3K 5 B P B R 4,
RIUERE AR 2 BT 5 2K

JEAARIAE S B X 26 1 L B RER S 57 AR Ly 2 T s AR o TC,

TC, =2 >.cQ;d;
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TC,=> > cV,d,
i ok

2.1.2. WRIRA

WORLR IR E I 2 RIS AT I R TR IO SIS, ASCR ORI FE B L4 5 18 M 2 e 17 1%
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Figure 1. Fuel cost adjustments for pavement roughness levels
B 1. ERTIEE SRR AR BIXR
TeWAE IS Hi W 2 45 R O L 579 R0 28 D Z T HREL AR A Fy
F, =ZZC,ijSJ.k djk/100
i k

213 BEZBEA
HI T A TR B PR A 58 T WL AN BN BE X 2% 25 18, A 7 24 285 R RS B FAR X BE A 12 T8 A (R
FRATVIB € 1 i AR REAT 7= b A B 07 2 — 5 BRI TR B A AR s S R vV RE AR A — € 1Y
BRHEICR . AERRIRAS SE S AL T, Al m] PLEAR B R At B i w4 ML I 25 D0 AL 1 2 R RSk
JEATRHE BEN BE R 22 55 U RIRS S5 571 U™ Ly Z 1P AR OB HETRCRE N By
E1 = Z;eijQij

7 b AR AR N X 28 Y AR L 5T RO 9 Dy 1 R TR AR BRI B,
E, =22 e;Q
i K

TRBIE B AE (R X 2 55 U BE N RS S5 5571 A 73 Ly IR AR BRI B
E,= ZZuijdij
i
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FERRBR S S LT, BAMR AN 76 222 H A 5 i L2 XA AS 5 0Em, St
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i
LI
Q,-M-X; <0 Vi, j

Q-M-X;21-M  Vij
Vy—M Y, <0 vik
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228Q +sz:eijjk +2 2 Uy +sz:ujkdjk +e =Cap+e’
i j LI J

e"*e =0
Qija Eij,ij,Tij,Bjk, Fij’sjk’uithjm >0
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3. BUERIUS R

ARG LR A L I 265 1) 1) R A R — AN R MR B ORI Y, 7E 8 MLt S A ) 28 A it | %
&Y BRAETEC 3 B TR A Sk A Bk B 5 58 o WLl (b 2B X 2 PR 2 . i o, FRATTHEAIE e A lb i
SEAE AR HE R IR o RS AE PR Al A BT 3 0 N R AR R R RS I TS i s
G, MRYEEARHORIAE, PR, Mg, STIUERNEREME 7 4 MEN A, RIEE S, SRS
R T A=Al A 1) 3 ANEF= f X 6 AN 75 SR ST 7= S 0 B i% S 4L .

FLR, BAMEGE 5 SRR S A 5K (138 50 AR 70 30l 9% 0.23/kmet ¥ 0.27/kmet, BRI R4 #6126 FH 28
TSRS (¥ 6.0/L),  FEXT B HEFSCER A2 PR 11

e, AN RS R T e AR R HESCE S T R AT S A G, RYE i MEET s R g AT
HE SORHASCRE . AT FE R AR, FRATRT DA 25242 L0 70 km/h R IS AT I 77 AR R BRI
ARV A E RS WM A 57 ERs AT R & 4 70 kmih, da i F8 o 0 BRHRUA 1 e3 = 0.75
kg/km,

ATV P A BUE SR #3538 0 Lingo 11.0 1847 SEIL, FESEAT R AR/ Hr 2 i e e AR r= Al 5 5
THBE . BERRS B AR LA AL B (R 1-3).

3.1. BRHFPREANERIZ Z MR E RN IZE A

TERRBR A S S AL, BURF & g B Aol — MR E BRI R A, HZR b A SEpr A iz B i
FE PP A R BRSO /N T BURTRLE RIBRA, TS T Aok 38 AR A B AR TSRO RT LALE B 22 5 T 37 b AT K32,
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Table 1. Capacities of suppliers, manufacturers and demands of customers
=l HNBBREE. £ERNEAEEREEERNEKE (ton) (kg/kg)

1 2 3 4 5 6
BER 190/0.5 200/0.6 210/0.35 120/0.2
e 210/0.8 170/0.24 180/0.5
B 90 95 90 85 95 90

Table 2. Distance and roughness levels between suppliers and manufactures (km)/(m/km)
< 2. HRIRFNAE FF 2 2 (B A BE S A B8 T 1B B (km) (m/km)

CVE A7 2 A3
BERIRS 1 164/2.53 353/1.58 106/2.69
HBERIRS 2 200/1.74 385/1.42 182/2.21
HBERIRS 3 74/3.08 197/2.05 209/1.90
HBERIR 4 92/2.84 97/2.92 227/1.82
Table 3. Distance and roughness levels betwecn manufactures and customers (km)/(m/km)
= 3. £ ETIHBRE < B1A0 EE B A0 BE T 1B B (km) (m/km)
R 1 VH AT 2 I3 VR 4 VH P 5 HIH 6
A1 551/2.13 487/2.61 503/2.05 258/3.00 500/1.98 699/1.58
A 2 490/2.45 691/1.50 462/2.37 320/2.77 196/3.08 490/2.21
HFE 3 916/2.69 699/2.92 328/1.90 274/3.08 502/1.66 257/1.34

LG W HEBR AU A b TS — s it 5, BRHEIR PR PR 2 AT RESS folkats Rl e,
FRESR AL S A . FLK, BRHEFSOBE IR AZ 7 T 37 B I A2 A2 KD, Aol 75 ZEARAE AN R (B 2
GRS AN B B YIS E BE SR D R 75 S H B SENBRHE AL -

A g T A FIBRBR AU S 5 Ak s LR A, R b (I8 8 eAs, AT DL I AE AN R R
R A AT, BB BRI A RAR T AR S AN 2t Ak (188 sRAS IS Ay 67,136.83
TC, HBUF IR SATBRER A5 52 B LI, Al ihia s s kR 72230

M 4 AT EUF A R BR HFBCRAE 400~500 (8] BURNHEATBRFR A5 52 S WL B AR S5 2 17 BRI
WIHERS, O T ST FURR S B T 3700 Az s (s, BRATVB € BUR 25 € I Ak iR - 300,
SR il A A B 5 2R 7 R ok BEAR B HEURAS . K5 BR A Z M BEE N 25 Je/mll, —J7 4l is
B A S TORRHE U BRASZE B RN, 53— 7 AT A RIS 5 1 3 L E A

3.2. BERAHIRL

IS () 29 R 2640 H Lingo 11.0 W] 4353l sRAGM8 H A bR B0 A e /MBI 1 s RIS i B N 36 56

H7 5 AR H: AR 1, 2, 3 AEERIRTAL RIS I JE AR 3y 210, 155, 180, VHEREFTA I
ToREA R TR, HMEF S L RN RER K. EAFEBHBURA R RN, el LLEd %12
AT s )35 SR ik B (4t N B X 4% R B AR AR T B, SEE T B i i A B M R B L Is B N 4 i . L
It lingo 11.0 FRATTAT LASRAF St /MIIZ E A TC = 65,170.08 I,

RS 1) R T L3 4~6
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Table 4. The total cost corresponding to the carbon emission limit and the change in the carbon trading price
7= 4. FRHEFRERANTRZE 5 M8 T ahad R 89 S B AR

CAP
0 100 200 300 400 500 600
0 67,136.83 67,136.83 67,136.83 67,136.83 67,136.83 67,136.83 67,136.83
25 77,783.35 75,283.35 72,783.35 70,283.35 67,783.35 65,283.35 62,783.35
50 87,853.42 85,204.70 80,204.70 75,204.70 70,204.70 65,204.70 60,204.70
75 90,204.70 95,126.04 87,626.04 80,126.04 72,626.04 65,126.04 57,626.04
100 102,626.00 105,047.40 95,047.39 85,047.39 75,047.39 65,047.39 55,047.39
125 127,468.70 114,968.70 102,468.70 89,968.73 77,468.73 64,968.73 52,468.73
Table 5. The solution of the initial transport problem
= 5. ¥IiREMic) ARV AR
% JERRHEI AN e
B HE Ea0 e B3 e AR e B HE
Q13 180 V12 95 Ql1 10 Vi1 15 V36 90
Q21 35 V14 85 Q13 180 V12 95
Q31 175 V21 60 Q21 25 V14 85
Q32 35 V25 95 Q31 160 V21 75
Q42 120 V33 90 Q32 50 V25 95
V11 30 V36 90 Q42 120 V33 90
Table 6. Total operating cost of the initial transport problem
= 6. VIIAIEME)EAY 2B E R AR
AN &R 7 JERRHE
Ed
HH (OT) EEH1(%) A (L) EL A1l (%)
PE1 RIS E A 65,170.08 100.00 70,283.35 100.00
PE2 Tis i A 63,296.60 97.13 63,391.10 90.19
PE3 M S F L SR A 13,239.95 20.32 13,581.50 19.32
PE4 ML ] D e s iR A 50,056.65 76.81 49,809.60 70.87
PE5 TR AR 1873.48 2.87 1970.91 2.80
PE6 IS B L B4 BRI A 387.93 0.60 485.36 0.69
PE7 ML 2] D B kit A 1485.55 2.28 1485.55 211
PE8 TAE 5 A 4921.34 7.00

TEBANPERNBEM L, IRV SRR 5 97.13% (LM S 3] L B BUR A RIS AN 20.32%, M
L 2 D B BUR A iz i A o5 76.81%), HRIHIHHE (5 S R85 BRAS 2.87%, Horp 5 By A P e B S
AR AR DE (1 2.28%) . FH TR 1 A BLBA T VH FE & BRI T8 ZRas AT M FE R R0 0, ORIV A 2 A 1)
FRAS 2 L PR I8 Hin R B SR R E
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525 FER PR AT 5 58 Sy LTI S I8 8 AR b, GBI AN S 3 L BAK L 3] D Z Rl Eg e fig s i, e
YIRS A BT o5 LU B R B TEREANHERIBEM 28, BRTMTEFE S AR LLE R RE T 0.07%, FRAE IR
HecR N 496.85 i, A VAR UM I E M HERBR 4 300 W, 75 EAERRA 5 135 1 DL 25 Jo/m 1 4% 0 S5
196.85 Wi, F=ABRAC Gy piA 4921.34 JG. W LLE HERIRAE S H MU, BRI REE fA BTt
T, ARV Rl S i R AR D T (HH 67,136.83 JT T 4% £ 65,362.01 JC).

MR TR LAE H B RS 28 5y AL A2 52 0 (1t BB N 45 1 R BRI 3R, Ak PR AT 28 S LA )
o o BN Ml A PR 87 X 28 11D i A, A s SR Ak 97 X 28 T DA AR A b (138 8 BUAR

3.3. MEEFEHITRRE S

3.3.1. BIRBSZ GBI TiHRE T RENRIF M

5, AT REH 2 RIS R BE R BRI, A 7 MR 8 AR T T A
SRAK IR SIS f BRI 1 L o

129 A 10 g T 2T BB AR SRARK YD SY0IS of 1N ) R AR A BRI 25 % B (1 32 A 1L

Table 7. Solution of the supply chain network corresponding to the change of consumer demand

=" 7. HBEETRERIS AR SR B AR

PE1 PE2 PE3 PE4 PE5 PE6 PE7
H i 65,170.08 63,296.60 13,239.95 50,056.65 1873.48 387.93 1485.55
—5% 61,112.00 59,065.24 11,151.38 47,913.86 2046.76 380.82 1665.94
—10% 57,208.60 55,547.58 10,175.43 45,372.15 1661.02 175.47 1485.55
—15% 54,048.10 52,387.08 9645.40 42,741.68 1661.02 175.47 1485.55
—20% 50,887.58 49,226.56 9115.36 40,111.20 1661.02 175.47 1485.55
—25% 47,727.07 46,066.05 8585.33 37,480.72 1661.02 175.47 1485.55

Table 8. Supply chain path and volume corresponding to changes in consumer demand

8. HEREFB KL A HAERZFIZE

A JEAE —5% -10% -15% —-20% —25%
Q11 0.00 7.75 0.00 0.00 0.00 0.00

Q13 180.00 180.00 162.00 153 144.00 135.00
Q21 35.00 0.00 0.00 0.00 0.00 0.00

Q31 175.00 202.25 208.50 190.25 172.00 153.75
Q32 35.00 7.75 0.00 0.00 0.00 0.00

Q42 120.00 120.00 120.00 120.00 120.00 120.00
V11 30.00 48.00 46.5.00 37.25 28.00 18.75
V12 95.00 90.25 85.50 80.75 76.00 71.25
V14 85.00 71.75 76.50 72.25 68.00 63.75
V21 60.00 37.50 34.50 39.25 44.00 48.75
V25 95.00 90.25 85.50 80.75 76.00 71.25
V33 90.00 85.50 81.00 76.50 72.00 67.50
V34 0.00 9.00 0.00 0.00 0.00 0.00

V36 90.00 85.50 81.00 76.50 72.00 67.50
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Table 9. The solution of the supply chain network corresponding to the change of consumer demand under carbon limit and
transaction mechanism
= 9. RIRTE XS TIHBE T KL TSR A9t HER 45 80 #%

PE1 PE2 PE3 PE4 PE5 PE6 PE7 PE8
H i 70,283.35 63,391.10 13,581.50 49,809.60 1970.91 485.36 1485.55 4921.34
—5% 65,549.15 59,645.81 12,466.69 47,179.12 1866.37 380.82 1485.55 4036.97
—10% 60,820.47 56,097.21 11,490.92 44,606.29 1463.20 283.38 1179.82 3260.06
—15% 56,930.44 52,827.37 10,699.20 42,128.17 1463.20 283.38 1179.82 2639.87
—20% 53,040.41 49,557.52 9907.48 39,650.04 1463.20 283.38 1179.82 2019.69
—25% 49,150.37 46,287.67 9115.76 37,171.91 1463.20 283.38 1179.82 1399.50

Table 10. Supply chain path and volume corresponding to changes in consumer demand under the carbon cap and trade

F 10, BMRFSXZHNH THEEFTRENN MR MERENEE

Bl JRAE 5% -10% —-15% —-20% —25%
Q11 10.00 16.50 0.00 0.00 0.00 0.00
Q13 180.00 171.00 162.00 153.00 144.00 135.00
Q21 25.00 0.00 0.00 0.00 0.00 0.00
Q31 160.00 160.00 162.00 153.00 144.00 135.00
Q32 50.00 50.00 46.50 37.25 28.00 18.75
Q42 120.00 120.00 120.00 120.00 120.00 120.00
Vi1 15.00 5.75 0.00 0.00 0.00 0.00
V12 95.00 90.25 85.50 80.75 76.00 71.25
V14 85.00 80.75 76.50 72.25 68.00 63.75
V21 75.00 79.75 81.00 76.50 72.00 67.50
V25 95.00 90.25 85.50 80.75 76.00 71.25
V33 90.00 85.50 81.00 76.50 72.00 67.50
V36 90.00 85.50 81.00 76.50 72.00 67.50

HI B FRATT AT LAAS Y BL R 45

1) BEE SRR, BRAS 5 AR I8 S AW AR, HLBRAZ 55 AT o LE B8 B

2) XTEEEE 10 Ak 8, AvAyist M AR A L T AR S, —BEA MR 3 [ A 1isis Rk, H
BEAR 1 A 1 1 B B 1A 34 1 i OB, T IR BR 0145 52 53 WL 2 6 i MV PR3 B X 2% 3 7 2R 52
il AT B L 5T A i it 2R AR S Sy A, T 8 ) AAS

3.3.2. BIRBSZZ B THN EHABEIHIFT

5 RS L 7 R B AR B o B A2 B P A NS B A IS, BRSO R R 2 11, Sk AR
s e W 12,

113 AN 14 vhgg i T BRI I SRR NI R A 5 AR IS H A K BUZ AR AL, AT
LA BL R 46

1) WIRBSAZ SIS, 188 BRARE IR FER 5 (AR5l fhan & i AW s ks & A A i B
%, HLBEARNE LA /o BRAZ 5y A 78 [ 5 {4 2 i T A1
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Table 11. Solution of supply chain network for supplier supply change
72 11, HAE R E T EhaT B A R 5 48 7

PE: PE; PE; PE,4 PEs PEs PE7
H i 65,170.08 63,296.60 13,239.95 50,056.65 1873.48 387.93 1485.55
+5% 64,393.62 62,527.25 12,470.60 50,056.65 1866.37 380.82 1485.55
+10% 63,914.07 62,047.70 11,991.05 50,056.65 1866.37 380.82 1485.55
+15% 63,637.24 61,868.30 11,811.65 50,056.65 1768.94 283.38 1485.55
+20% 63,499.24 61,730.30 11,673.65 50,056.65 1768.94 283.38 1485.55
+25% 63,361.24 61,592.30 11,535.65 50,056.65 1768.94 283.38 1485.55
Table 12. Supply chain route and volume for supplier supply change
=12 NS HNETHNEMENERENZE
Ak JRE +5% +10% +15% +20% +25%
Q11 0.00 18.50 2.00 0.00 0.00 0.00
Q13 180.00 180.00 180.00 180.00 180.00 180.00
Q21 35.00 0.00 0.00 0.00 0.00 0.00
Q31 175.00 191.50 208.00 210.00 210.00 210.00
Q32 35.00 29.00 23.00 17.00 11.00 5.00
Q42 120.00 126.00 132.00 138.00 144.00 150.00
V11 30.00 30.00 30.00 30.00 30.00 30.00
V12 95.00 95.00 95.00 95.00 95.00 95.00
V14 85.00 85.00 85.00 85.00 85.00 85.00
V21 60.00 60.00 60.00 60.00 60.00 60.00
V25 95.00 95.00 95.00 95.00 95.00 95.00
V33 90.00 90.00 90.00 90.00 90.00 90.00
V36 90.00 90.00 90.00 90.00 90.00 90.00

Table 13. The solution of supply chain network corresponding to the change of supplier supply under carbon limit and
transaction mechanism

= 13, WRPRENS 32 S ALEI T {5 R 5 {5 B2 8 T 5 R BY {36 R 5 0 4% B

PE1 PE2 PE3 PE4 PE5 PE6 PE7 PE8
H i 70,283.35 63,391.10 13,581.5 49,809.6 1970.91 485.36 1485.55 4921.34
+5% 69,341.64 62,704.55 12,894.95 49,809.60 1866.37 380.82 1485.55 4770.72
+10% 68,777.71 62,225.00 12,415.40 49,809.60 1866.37 380.82 1485.55 4686.34
+15% 68,467.81 62,045.60 12,236.00 49,809.60 1768.94 283.38 1485.55 4653.27
+20% 68,307.31 61,907.60 12,098.00 49,809.60 1768.94 283.38 1485.55 4630.77
+25% 68,146.81 61,769.60 11,960.00 49,809.60 1768.94 283.38 1485.55 4608.27
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Table 14. The supply chain network path and volume corresponding to the change of supplier supply under the carbon limit
and the trading mechanism
= 14, BRIREISZ SHLHI TR A HE N E TR A3 R Mg R E Mz E

A A +5% +10% +15% +20% +25%
Q11 0.00 18.50 2.00 0.00 0.00 0.00
Q13 180.00 180.00 180.00 180.00 180.00 180.00
Q21 35.00 0.00 0.00 0.00 0.00 0.00
Q31 175.00 176.50 193.00 195.00 195.00 195.00
Q32 35.00 44.00 38.00 32.00 26.00 20.00
Q42 120.00 126.00 132.00 138.00 144.00 150.00
Vi1 30.00 15.00 15.00 15.00 15.00 15.00
V12 95.00 95.00 95.00 95.00 95.00 95.00
V14 85.00 85.00 85.00 85.00 85.00 85.00
V21 60.00 75.00 75.00 75.00 75.00 75.00
V25 95.00 95.00 95.00 95.00 95.00 95.00
V33 90.00 90.00 90.00 90.00 90.00 90.00
V36 90.00 90.00 90.00 90.00 90.00 90.00

2) WFEEAE 11 R 13 T LATE HH AR A5 52 2 (L SR S 17 M NG 7o 38 A 7 e 2 180 R A K A, 32
7 T B B 2 8RR R R T G FAR T AT S, RIS (1 1 i P e (B A S R i 2R 7 3 B
W RIS E R EIE X EEAE 12 A5 14 FEAE 7 1 FIVH 91 2 2 16 )32 Han s 2 M iz B 7T DAAS B I8 IE

3) B TRAZ 5 A (RSN, A2 U B A 2 B A AR I Ia B, (ENER 3 N T B R 1 2 18]
iZE, W T RIBNR 2 Kz E. BB HTRTRL, BRERAUS S S AL S AL IS E R, s
i 2 ) EEOHT LRI T L R ARIE B A

3.33. BRFSXZNFITE~HE~ETIHTNE

PR (AN 2 T B (YRR ot B T 52 SRR SR [ B AR S AR R R, T SO R B
H SRR SRANTT i A BR o 7 AT T IR 1 A 7 e A A 7 B AR TR AR 1) 5975 H A L PR J A ) 1l o

1) 45a74 16 ATLLAE HEEAE > i A B AR B Th, BN IS 2L 12 E AR BREE 5y A A b
TRE, AR R 5% ETHE] 1090, EREEE R T R RR, (A R AR AR dh R E
SE RN, AN P 0S BEAHE NEE 0X 2% A R

2) &ty 15 Mk 16 TLAE Y, fERRIRAS S BT, WBER R 2 A J s g A BT+ T, &
PREENE A IS E AT T .

3) WL 17 A3 18 Fizhms L K A I &, FERRMRAS S S HUHIR, AV BT n 7 AL 2.
ARG 2 AIASPA R 3 0 I BIAE R 30 T A LRIV 2 4 Z RIS R, b T AR LR 2 1R 4
MIBER R T L BT B HE IR 2 ELER R M A MV Rz 8 SR, S i AR Al PR {3 N R 4 FT DR AR &
JEAR o
3.3.4. BPREASZ S HH T ML N i FE 7~ i R R R R YR

719 FIE 20 SR 1 A B PR R A 7 T ) (L I R RN R AR AR BN, % BUIE E A B R R IS B 1
e
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Table 15. Solution of the transport problem corresponding to the production change of the producer

= 15 E R E B R TR RS ) A AR

PE1 PE2 PE3 PE6 PE7
H#l 65,170.08 63,296.60 13,239.95 50,056.65 1873.48 387.93 1485.55
+5% 64,964.27 62,910.41 12,493.72 50,416.69 2053.86 387.92 1665.94
+10% 64,758.89 62,710.62 12,017.04 50,693.58 2048.27 382.33 1665.94
+15% 64,655.85 62,709.90 12,033.60 50,676.30 1945.95 280.01 1665.94
+20% 64,648.46 62,882.90 12,249.80 50,633.10 1765.56 280.01 1485.55
+25% 64,648.46 62,882.90 12,249.80 50,633.10 1765.56 280.01 1485.55

Table 16. Transport problems corresponding to production changes of producers under carbon quota and trading mechanism

& 16. HIREIS X ST E =/ % =2 LXK A0S M el A

PE1 PE2 PE3 PE4 PE5 PE6 PE7 PE8
H 70,283.35 63,391.10 13581.5 49,809.6 1970.91 485.36 1485.55 4921.34
+5% 70,211.94 63,418.67 13,710.18 49,708.49 2053.86 387.92 1665.94 4739.41
+10% 69,854.40 63,478.20 13,872.45 49,605.75 1748.13 387.92 1360.20 4628.07
+15% 69,835.70 63,481.26 13,802.07 49,679.19 1850.45 490.25 1360.20 4503.99
+20% 69,668.85 63,482.70 13,768.95 49,713.75 1745.91 385.71 1360.20 4440.24
+25% 69,668.85 63,482.70 13,768.95 49,713.75 174591 385.71 1360.20 4440.24
Table 17. Transport path and volume corresponding to producer output changes
F1U.EFHEFETHNENEMRENEE
B JE A +5% +10% +15% +20% +25%
Q13 180.00 189.00 190.00 190.00 180.00 180.00
Q21 35.00 26.00 21.00 25.00 35.00 35.00
Q23 0.00 0.00 4.00 0.00 0.00 0.00
Q31 175.00 194.50 210.00 210.00 210.00 210.00
Q32 35.00 15.50 0.00 0.00 0.00 0.00
Q42 120.00 120.00 120.00 120.00 120.00 120.00
Vi1 30.00 49.50 65.00 65.00 65.00 65.00
V12 95.00 95.00 95.00 95.00 95.00 95.00
V14 85.00 76.00 71.00 75.00 85.00 85.00
V21 60.00 40.50 25.00 25.00 25.00 25.00
V25 95.00 95.00 95.00 95.00 95.00 95.00
V33 90.00 90.00 90.00 90.00 90.00 90.00
V34 0.00 9.00 14.00 10.00 0.00 0.00
V36 90.00 90.00 90.00 90.00 90.00 90.00
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Table 18. Transport path and volume corresponding to producer output changes under carbon quota and trading mechanism
= 18. MIRESRZSNH TE~HE~ELTHNHNERREMEE

A JFE +5% +10% +15% +20% +25%
Q13 180.00 189.00 190.00 190.00 190.00 190.00
Q21 35.00 26.00 25.00 8.00 0.00 0.00
Q23 0.00 0.00 0.00 17.00 25.00 25.00
Q31 175.00 151.50 145.00 145.00 145.00 145.00
Q32 35.00 58.50 65.00 65.00 65.00 65.00
Q42 120.00 120.00 120.00 120.00 120.00 120.00
V11 30.00 6.50 0.00 0.00 0.00 0.00
V12 95.00 95.00 95.00 95.00 95.00 95.00
V14 85.00 76.00 75.00 58.00 50.00 50.00
V21 60.00 83.50 90.00 90.00 90.00 90.00
V25 95.00 95.00 95.00 95.00 95.00 95.00
V33 90.00 90.00 90.00 90.00 90.00 90.00
V34 0.00 9.00 10.00 27.00 35.00 35.00
V36 90.00 90.00 90.00 90.00 90.00 90.00
Table 19. Solutions for the simultaneous changes in the supply chain network of suppliers and producers
72 19. (R AN P [E] A TR RIS B A 12k B 4% 4% O %
PE1 PE2 PE3 PE4 PE5 PE6 PE7
=l 65,170.08 63,296.60 13,239.95 50,056.65 1873.48 387.93 1485.55
+5% 64,262.34 62,215.58 11,798.89 50,416.69 2046.76 380.82 1665.94
+10% 63,599.21 61,757.80 11,313.70 50,444.10 1841.41 175.47 1665.94
+15% 63,328.38 61,667.36 11,330.72 50,336.64 1661.02 175.47 1485.55
+20% 63,261.30 61,600.28 11,362.46 50,237.82 1661.02 175.47 1485.55
+25% 63,194.22 61,533.20 11,394.20 50,139.00 1661.02 175.47 1485.55

Table 20. Suppliers and producers are simultaneously changing the corresponding supply chain network path and traffic
= 20. MR ANE = E RS T RhAS R A0 B R S 4% BRI RS 2

A JEAE +5% +10% +15% +20% +25%
Q11 0.00 9,50 0.00 0.00 0.00 0.00

Q13 180.00 189.00 182.00 180.00 180.00 180.00
Q21 35.00 0.00 0.00 0.00 0.00 0.00

Q31 175.00 211.00 231.00 227.00 221.00 215.00
Q32 35.00 950 0.00 0.00 0.00 0.00

Q42 120.00 126.00 132.00 138.00 144.00 150.00
Vil 30.00 49.50 53.00 47.00 41.00 35.00
V12 95.00 95.00 95.00 95.00 95.00 95.00
V14 85.00 76.00 83.00 85.00 85.00 85.00
V21 60.00 40.50 37.00 42.00 49.00 55.00
V25 95.00 95.00 95.00 95.00 95.00 95.00
V33 90.00 90.00 90.00 90.00 90.00 90.00
V34 0.00 9.00 2.00 0.00 0.00 0.00

V36 90.00 90.00 90.00 90.00 90.00 90.00
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1) FEE AL R BN I8 E AR R, XHELZE 19 F13E 21, oM & o f ke, FATTR BLAE TR
PRZ0-5 22 Zy BT Bz i AR R AR A ABE S B AE P2 i N R T, AR R B 23 B T .

2) WRES 20 FIGE 22, BEEHESERARWIE R, BERIRT 3 b 1A R L EAMRHG AR, N T AR
PR 2 MHERE, AEPE R BN T Z MR R e R AR R w] WG S e ARl Ak eT LA
R Bk PR 05 22 25 LG - 26 10 B AT SR MR B R AR RS o JE— 2D I0AIE T B BR A 558 5 AL
RS B —E sE .

4. RELHR

FERR PR A 58 G WL A4 S o0 25 A Y (it b, oo DASE — O Al A ), 43 AN I
BIRHEIUBSAS AN L& B PR 5 22 Sy WU AN T T T, BRBOr i T ok 2R e 2B B AR i Ji
RN BT LA R A2 Bl 038 B A A S B 90 28 HO S, X EE 70 BT 1 B2 B AR e S AL )

Table 21. Solutions to transport problems of suppliers and producers at the same time under the carbon cap and trade
72 21. BRPRENS 32 AL T R RN A 7= i (RIS AR shoaet B2 )iz B 1 33 A 7

PE1 PE2 PE3 PE4 PES PE6 PE7 PE8S
H i 70,283.35 63,391.10 13,581.50 49,809.60 1970.91 485.36 1485.55 4921.34
+5% 69,323.11 62,805.03 13,135.42 49,669.61 1866.37 380.82 1485.55 4651.71
+10% 68,428.95 62,402.30 12,839.75 49,562.55 1560.63 380.82 1179.82 4466.02
+15% 68,119.04 62,222.90 12,660.35 49,562.55 1463.20 283.38 1179.82 4432.94
+20% 67,958.54 62,084.90 12,522.35 49,562.55 1463.20 283.38 1179.82 4410.44
+25% 67,798.04 61,946.90 12,384.35 49,562.55 1463.20 283.38 1179.82 4387.94

Table 22. Transport routes and volume of suppliers and producers at the same time under the carbon cap and trade

= 22. BIRFS XSG TR FRE BRI EN NS HEENEE

AR JRAE +5% +10% +15% +20% +25%
Q11 0.00 18.50 2.00 0.00 0.00 0.00

Q13 180.00 180.00 180.00 180.00 180.00 180.00
Q21 35.00 0.00 0.00 0.00 0.00 0.00

Q31 175.00 168.00 178.00 180.00 180.00 180.00
Q32 35.00 52.50 53.00 47.00 41.00 35.00
Q42 120.00 126.00 132.00 138.00 144.00 150.00
Vi1 30.00 6.50 0.00 0.00 0.00 0.00

V12 95.00 95.00 95.00 95.00 95.00 95.00
V14 85.00 85.00 85.00 85.00 85.00 85.00
V21 60.00 83.50 90.00 90.00 90.00 90.00
V25 95.00 95.00 95.00 95.00 95.00 95.00
V33 90.00 90.00 90.00 90.00 90.00 90.00
V36 90.00 90.00 90.00 90.00 90.00 90.00
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