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Currently many companies are interested in reduction of the carbon emissions associated with their supply chain activities
such as transportation and operations. Operational decisions, such as modifications in order quantities could an effective way
in reducing carbon emissions in the supply chain. Cap-and-trade regulation, sometimes called emissions trading, is a market-based
tool to limit greenhouse gas emissions. Under cap-and-trade regulation, emission credits are allocated to the firms and the firms
trades emissions under cap-and-trade schemes. In this paper, we propose a single-manufacturer single-buyer two-echelon supply
chain problem under the cap-and-trade mechanism incorporating the carbon emissions caused by transportation and warehousing
activities where a single manufacturer produces a family of items in order to deliver a family of items to a single buyer at
a fixed interval of time for effective implementation of Just-In-Time (JIT) Purchasing. An integrated multi-product lot-splitting
model of facilitating multiple shipments in small lots between buyer and manufacturer is developed in a JIT Purchasing environment.
Also, an iterative heuristic algorithm is developed to derive the common order interval, the number of intervals for each product
and the number of shipments between the buyer and the manufacturer during the common interval. A numerical example is
given to illustrate the savings in reduction of total cost and carbon emissions by the inventory model incorporating cap-and-trade
mechanism compared to the classical inventory model. The proposed inventory model could be useful for the practical solution
of two-echelon supply chain inventory problem under cap-and-trade mechanism.
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<Table 1> Numerical Example Data for the Integrated Inven-

tory Model
Data Item 1 Item 2 Item 3 Item 4
D, 12,000 5,000 8,000 300
P, 48,000 20,000 32,000 1,200
Si($) 100 900 800 500
a,($) 50 30 50 25
H,(8) 25 30 25 30
hi($) 10 2 3 15
f,(ton) 1 0.3 0.2 0.5
g:(ton) 0.5 0.1 0.1 0.7
718 JEAEE ofele} 2}
s PR BT FEETHE 4 = $§25/F]
cEE0T TEEEHE 2= 825
cEY 13 &5 A 18 BaET e = 105/3]
BT @AM ¢ = $25
« A2 EANEY dedd JEAE o = 1,000
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<Table 2> Calculation Result for Different Value of ~

N my; my mg My T CF(N) JIrc

1 1 3 2 7 0.03686 702.40(ton) | $43,374.50
2 1 2 5 0.05909 760.96 33,217.35
3 1 2 2 4 0.07294 840.67 30,422.25
4 1 2 2 4 0.08388 921.44 29,751.75
5 1 2 1 3 0.10994 943.45 30,302.04
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<Table 3> Comparison of Inventory Models
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<Table 4> Sensitivity of ¢ and J7C

C

Classical
Inventory Model

Cap-and-Trade
Mechanism

Percentage
Saving of JTC

$0
5

15
25
35

45

$25,688.06
30,310.90
39,556.59
48,802.28
58,047.97
67,293.66

$25,688.06
28,584.04
30,032.37
29,751.75
28,828.70
27,789.02

0.00%
5.70
24.08
39.04
50.34
58.70
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<Table 5> Sensitivity of « and J7C

e Total Carbon JrC Total Carbon
Models ’ Emissions “ g Emissions
Classical Inventory Model $48,802.28 1,924.57(ton) 500ton $42,251.75 921.44ton
] 1,000ton 29,751.75 921.44ton
Cap-and-Trade Mechanism $29,751.75 921.44(ton) 1.500ton 1725175 921 44ton
Minimum Carbon Emission $74,874.62 585.28(ton) 2,000ton 4,751.75 921.44ton
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