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Fig. 1 A sample of coal supply chain network
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Tab.1 Fixed costs and capacities of the facility nodes in the coal supply chain network

A G5 i 7 AR /7 oG FEfe/ i REP G5 fiE] 72 AR /7 oG FERe/

il 19 800 290 k1 4 000 540
Wil i2 16 200 235 B k2 3 800 500

L2 e BTN

i3 12 600 170 k3 3 500 390

i1 7 200 270 k4 3 200 280

72 6 000 210 /1 24 000 800

AbET
73 4 800 160 wo 12 18 000 600
74 3 600 140 13 13 500 400
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Tab. 2 Conversion rates between raw coal and coal products

PSRRI R | PR RIERNZE B | AN RURRZE Bk || AR RS R
rl 0. 25 rl 0.3 rl 0. 45 rl 0.3
pl r2 0. 25 p2 r2 0. 25 p3 r2 0.3 p4 r2 0.3
r3 0.5 r3 0. 45 r3 0. 25 r3 0.4
F3 RErMIFRENBECLERE
Tab. 3 Unit raw coal processing costs in plants Fiot . !
SRR JRUERNSE AR || AR JSURAPE AbBERACA )| ARHRTT O BURERRE ALIEAS | AbER)T O UBERNZE Ab B A
rl 0. 005 rl 0. 006 rl 0.002 1 rl 0.002 8
il "2 0. 005 2 ) 0. 005 i3 2 0.002 9 j4 r2 0.001 8
r3 0. 006 r3 0. 004 r3 0.003 5 r3 0.003 4
R4 BABRERA
Tab. 4 Unit shortage cost TG - m !
PR E O BRBTEOR | R K POAS | o ASE K BRBTUR | RAE B BUBTER
ml 0. 357 ml 0. 260 ml 0.238 ml 0. 386
m2 0.393 m2 0.251 m2 0. 328 m2 0. 365
m3 0.273 m3 0.403 m3 0. 349 m3 0. 266
Pl P2 P3 p4
m4 0. 301 m4 0. 281 m4 0.216 mi 0.214
mo 0.212 mo 0. 331 mo 0.220 md 0.374
mb6 0.371 m6 0. 387 m6 0.238 m6 0. 294
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Tab.5 Probabilities of occurrence of different interruption and demand scenarios

S
1% 5t
5t 1 Y5t 2 P53 Dt 4 55 Y5t 6 5T Y15t 8 5t 9
sl 1 0.8 0.7 0.5 0. 25 0.2 0.1 0.05 0
52 0 0.15 0.2 0.3 0. 35 0.3 0.2 0.15 0
53 0 0.05 0.1 0.2 0.4 0.5 0.7 0.8 1
nl 1 0.5 0.7 0 0. 25 0.5 0 0.2 0
n2 0 0 0.2 0 0. 25 0.5 0.5 0.7 1
n3 0 0.5 0.1 1 0.5 0 0.5 0.1 0
F6 L SERBMETUNELERNFIG
Tab. 6 Impacts of the L s and scenario change on sites selection
w1l I izl K
Les % 5 I# 7 J A /7 o6
i1 2 i3 1 j2 j3 g4 k1l k2 k3 R4 11 12 13
et 0 1 1 1 0 0 1 0 0 0 1 0 0 1 56 300
0 Y52 1 1 0 0 1 1 1 0 0 1 0 0 1 0 71 900
5t 3~9 1 1 1 1 1 1 1 0 0 1 1 0 1 1 105 200
a1 0 1 1 1 0 0 1 0 0 0 1 0 0 1 56 300
0.6 W 2~6 1 1 1 1 1 1 1 0 0 1 0 0 1 1 105 200
W 7~9 1 1 1 1 1 1 1 0 0 1 1 0 1 1 108 400
el 0 1 1 1 0 0 1 0 0 0 1 0 0 1 56 300
0.8  HEo~4 1 1 1 1 1 1 1 0o o 1 o0 1 10 115 700
P 5~9 1 1 1 1 1 1 1 1 0 1 0 1 1 0 119 700
et 1 1 0 1 1 1 0 0 0 1 0 0 1 0 75 500
1 Y5 2~6 1 1 1 1 1 1 1 0 0 1 0 1 1 1 129 200
W 7~9 1 1 1 1 1 1 1 1 0 1 0 1 1 1 133 200
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Fig. 2 Impacts of the L5 and Fig. 3 Impacts of the L5 and
scenario change on the total network cost scenario change on total carbon emissions
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Operations Research and Cybernetics

A Resilient Coal Supply Chain Network Design Model Considering Carbon Emissions

LIU Shiqiang', ZENG Lanyan', LI Xiangong®
(1. School of Economics and Management, Fuzhou University, Fuzhou 350108
2. School of Mines, China University of Mining and Technology, Xuzhou Jiangsu 221116, China)

Abstract: [ Purposes | Considering facility disruptions, customer demand fluctuations and carbon emissions reduction in the coal
supply chain process, a five-level green and resilient supply chain network consisting of coal mines, plants. distribution centers,
ports and customers is designed with the objective of minimizing the total carbon emissions and network cost while meeting the
minimum service level. [ Methods |By analyzing the characteristics of the coal supply chain, a multi-level, a multi-product mixed
integer linear programming model is developed to establish a coal supply chain network. To mitigate disruption losses and satisfy the
customer demand, two effective resilient strategies (i. e. , keeping a certain level of emergency inventory in facility nodes and directly
delivering to ports from plants) are employed. To calculate the carbon emissions cost in the coal supply chain network, the carbon
tax policy is applied in the model. [ Findings | Taking a large coal enterprise as an example, the performance of the proposed low-
carbon and resilient coal supply chain network model is verified. [ Conclusions ]Computational results show that the proposed model
can provide managerial insights in response to facility disruptions and demand fluctuations in a coal supply chain system.

Keywords: coal supply chain network design; mixed integer linear programming; facility disruptions; demand fluctuations; carbon

emissions
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