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Study on Decision-making for a Low-carbon Supply Chain with Capital Constraint on Both
Supply and Demand Sides

WANG Min, LI Liying and ZHOU Jun

College of Mathematics and Statistics, Chongqing Jiaotong University,Chongqing 400074, China
Abstract To alleviate the problem of financing difficulties for both the supply and demand sides with capital constraints under
the low-carbon environment,a bi-level Stackelberg game model with the bank as the leader,the supplier as the subleader,and the
carbon-dependent manufacturer as the follower,is formulated under the government’s “carbon cap-and-trade mechanism”. In the
stochastic demand scenario, the supplier’s optimal wholesale price decision,the manufacturer’s optimal ordering and emission re-
duction decisions,and bank’s the optimal interest rate decision are investigated. Theoretical and numerical analyses show that,
when the emission cap allocated by the government low,it will increase the bankruptcy risk of the manufacturer,and the manufac-
turer with limited liability will adopt a more aggressive ordering strategy. In order to reduce losses from the bankruptcy risk of
borrowers, the bank will strengthen their regulation of the whole supply chain operation. The more free funds the supplier has,

the more beneficial it is for the manufacturer and the overall supply chain performance.

Keywords Carbon emission quota,l.ow-carbon supply chain,Capital constraints, Demand stochastic, Bi-level Stackelberg game
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Fig. 1 Emission-dependent supply chain financing system whereboth

manufacturers and suppliers arecapital-constrained
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Table 2 Model parameter values

B HAFE e ST SHH
¢ 0.2 Pe 0.12
v 2.2 G 100
T 8 K 6
8 0.3 K, 3
A 0.01 Ry 0.05
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Table 3 Impact of government’s emission cap G on supply chain members’ optimal decisions and profits

G Q" e w” R R T x a 7

50 60.4535 0.6315 0.5123 0.4254 0.6350 18.6700 16.1070 6.1379 5.3183
60 59.8246 0.5999 0.5160 0.4276 0.6702 19. 3070 15.8974 6.4003 5.5601
70 59.2247 0.5697 0.5194 0.4296 0.7057 19.9794 15.6757 6.6518 5.7995
80 58.6512 0.5408 0.5225 0.4315 0.7414 20. 6865 15.4426 6.8915 6.0365
90 58.1013 0.5131 0.5253 0.4332 0.7775 21.4278 15.1988 7.1188 6.2711
100 57.5728 0.4865 0.5278 0.4348 0.8138 22.2029 14.944 6 7.3329 6.5031
110 57.0637 0.4610 0.5300 0.4363 0.8503 23.0116 14.6808 7.5332 6.7325
120 56.5722 0.4365 0.5320 0.4376 0. 8870 23.8538 14,4076 7.7189 6.9591
130 56.0967 0.4130 0.5337 0.4388 0.9239 24.7293 14,1255 7.8893 7.1829
140 55.6356 0.3903 0.5351 0.4399 0.9610 25.6384 13.8350 8.0435 7.4037
150 55.1877 0.3686 0.5363 0.4408 0.9982 26.5811 13.5365 8.1807 7.6215
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Table 4 Effect of initial emissions per unit of product 8 on supply chain members optimal decisions and profits
8 Q* e w” R, R; ) 7 o x
0.1 59.0067 0.4971 0.5499 0.4440 0.8215 21.5746 16.4143 8.0220 6.7906
0.2 58.2914 0.4919 0.5388 0.4394 0.8176 21.8955 15.6708 7.6740 6.6462
0.3 57.5728 0.4865 0.5278 0.4348 0.8138 22.2029 14.9446 7.3329 6.5031
0.4 56.8508 0.4809 0.5169 0.4302 0.8100 22.4966 14.2359 6.9988 6.3613
0.5 56.1254 0.4751 0.5060 0.4257 0.8063 22.7765 13.5445 6.6719 6.2207
0.6 55.3964 0.4690 0.4953 0.4212 0.8027 23.0426 12.8706 6.3522 6.0814
0.7 54.6638 0.4628 0.4845 0.4167 0.7992 23.2947 12.2142 6.0399 5.9433
0.8 53.9275 0.4562 0.4739 0.4122 0.7958 23.5329 11.5753 5.7350 5.8064
0.9 53.1875 0.4495 0.4633 0.4078 0.7925 23.7572 10. 9540 5.4375 5.6707
1.0 52.4436 0.4425 0.4529 0.4034 0.7893 23.9674 10.3501 5.1476 5.5361

25 FI T HE TR By BT o b B 5 f Ot e 3R AN
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Table 5 Impact of manufacturer’s free capital K,, on supply chain members” optimal decisions and profits

K,, Q" e w® R R/ o IR a .

0 60.9132 0.9361 0.4215 0.3829 0.4465 23.7302 12.3921 7.0962 3.6409
1 59.9413 0.8286 0.4435 0.3937 0.5154 23.0829 12.9640 7.1538 4.1827
2 59.2195 0.7394 0.4631 0.4033 0.5801 22.6587 13.4520 7.2022 4.6886
3 58.6629 0.6634 0.4810 0.4120 0.6419 22.3909 13.8820 7.2435 5.1685
4 58.2220 0.5972 0.4976 0.4201 0.7011 22.2407  14.2685 7.2789 5.6284
5 57.8655 0.5388 0.5132 0.4277 0.7583 22.1836 14.6207 7.3086 6.0724
6 57.5728 0.4865 0.5278 0.4348 0.8138 22.2029 14.944 6 7.3329 6.5031
7 57.3292 0.4394 0.5417 0.4415 0.8677 22.2870 15.2445 7.3517 6.9225
8 57.1245 0.3965 0.5550 0.4479 0.9203 22.4271 15.5236 7.3649 7.3322
9 56.9508 0.3573 0.5676 0.4541 0.9717 22.6168 15.7842 7.3722 7.7333

6T TR I A B K, X IR 6 AR e e bk
RAMAMIA R . 4 K =7 18w Zc+RD AR .
BIVA 3 JEL AR 07 R AN 23 077 9 26 0L BT A K BB S IR Sk [0,
61, HASHMME M 2 751,
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VI i 5 AR 2 A BT 36 7 2 ARG AL A2 A 4 3 i 8 A 3
FISAAT 0 B O 4R s K. 53 Ah L B A B A A S
T A36 08 R B DR A R A DT AR AT 2 5 i DY K 4 14t 0N R B A
&, I 3 A VT R B R i O BT AR AT 2 I
RGE R R E R AR A 3R 6 3B 7T LU i, 1 3 75 /Y ) 9
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Table 6 Impact of suppliers’ free capital K, on supply chain members” optimal decisions and profits

K, Q* e” w” R, Ry L o Pt T

0 55.0719 0.4441 0.6633 0.4553 0.8096 13.5186  16.5963 8.0844 8.3662
1 55.8963 0.4579 0.6184 0.4485 0.8110 16.2610 16.1304 7.8958 7.7462
2 56.7299 0.4720 0.5732 0.4417 0.8124 19.1529  15.5801 7.6480 7.1251
3 57.5728 0.4865 0.5278 0.4348 0.8138 20.2029  14.9446 7.3329 6.5031
4 58.4251 0.5015 0.4822 0.4279 0.8151 25.4203 14,2236 6.9418 5.8800
5 59.2868 0.5168 0.4364 0.4209 0.8165 28.8146  13.4166 6.4652 5.2561
6 60.1582 0.5325 0.3904 0.4139 0.8178 32.3958  12.5237 5.8932 4.6312
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Table 7 Impact of consumers’ low-carbon awareness r on supply chain members’ optimal decisions and profits

T Q* e* w* R, R T E o’ )

3 54.8085 0.5207 0.4997 0.4238 0.3224 23.7956 16.8583 6.3704 2.1691
4 55.1674 0.5157 0.5036 0.4253 0.4191 23.6268 16.3836 6.5328 2.9648
5 55.6245 0.5096 0.5085 0.4273 0.5164 23.3805 15.9635 6.7122 3.7896
6 56.1787 0.5026 0.5142 0.4295 0.6146 23.0582 15.5897 6.9070 4.6502
7 56.8289 0.4948 0.5207 0.4320 0.7138 22.6636 15.2535 7.1150 5.5528
8 57.5728 0.4865 0.5278 0.4348 0.8138 22.2029 14.9446 7.3329 6.5031
9 58.4070 0.4779 0.5354 0.4377 0.9146 21.6861 14. 6515 7.5565 7.5057

F 8O T BAL R HE AN AR po X BE R B IR B R IS T S i R RN DT W AR R S B AR A A . e,
RAMFEA IR, 2 p, =0 18 I A2 R >1, AR AR b f IR R A9 B8 3 2 D TSR AT 25 48 v 08 M) R
ANT BRI pe BYBUEE R (0. 10,0, 171 R 25 FIEE A HH ol B0 57 B HE TS 4 9 oo AR S AS (S5 M) £l 9 4
BE Ik 2 fpral. TR SR [ B AR5 e Al 32 7 DR S ARAT R R R R, A

M1 8 T LA Y, Bl SO B OB O AR B e i 3R 8 B AT AR L o 7 AT SRAT B IR A B HE BOR A A
014 5 DL VT W ik g OJE D K P D B A 7 R Y e O HE RS A SR IENOG A R g A 00 e A A AR OR G
T WA BRAT DY 3 20 T 3 1 B0 R 5 A8 AR R ERE R B R 36 7 SR B HEORUA A 19 s A1 0 o s o R 0 A R o e R KR
LTt R HE RS 5 A B3 T 5 B0 & 7 R R0 PRy ] 3 1R AT LA o ik ol HF 5 %% 1 A ZE B T o B AR AR

Ol HE FSCAS 89 s AT T 3 R 2 A T e RRHE K . S BRI

8 IALLBRAHE U po X BE A DY B AL p SR N A A 5 T

Table 8 TImpact of unit carbon credit price p. on supply chain members’ optimal decisions and profits

Pe Q" e* w” R R/ Fi ) a )
0.10  58.8125 0.5343  0.5288  0.4343  0.7493  20.7885 15.7716  7.1277  6.1280
0.11 58.1862  0.5101  0.5284  0.4346  0.7814  21.4856 15.3580  7.2359  6.3170
0.12  57.5728  0.4865  0.5278  0.4348  0.8138  22.2029 14.9446  7.3329  6.5031
0.13  56.9709  0.4635  0.5271  0.4350  0.8465  22.9408 14.5314  7.4185  6.6861
0.14  56.3796  0.4410  0.5263  0.4351  0.8796  23.6993 14.1181  7.4922  6.8661
0.15 55.7977 0.4190 0.5254 0.4351 0.9132 24,4789 13.7047 7.5536 7.0429
0.16  55.2243  0.3975  0.5243  0.4351  0.9470  25.2799 13.2910  7.6023  7.2166
0.17  54.6585  0.3765  0.5231  0.4350  0.9813  26.1026 12.8768  7.6377  7.3869
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