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In pursuing carbon emission reduction efforts, companies have focused for the most part on reducing emissions due to the

more efficient equipment and facilities. However they overlook a significant source of carbon emissions, one that is driven by

operational policies. Currently companies are looking for solutions to reduce carbon emissions associated with their operations.

Operational adjustments, such as modifications in order quantities could an effective way in reducing carbon emissions in the
supply chain. Also, Cap-and-Trade mechanism is generally accepted as on of the most effective market-based mechanism to
reduce carbon emissions. In this paper, we investigate a supply chain with single manufacturer and multiple retailers multi-product

inventory model under the cap-and-trade system incorporating the carbon emissions caused by transportation and warehousing

activities. Also, we provide an iterative solution algorithm and derive the common order interval and the number of intervals
for each product. We show by numerical example that the inventory model incorporating cap & trade mechanism can reduce
total cost and carbon emissions compared to the classical inventory model. Using the numerical examples, we also investigates

different carbon price on the performance of the inventory model.

Keywords : Carbon Footprints, Cap-and-Trade Mechanism, Multi-Product, Supply Chain
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<Table 1> Results of Iteration Method

No t ky JTC Carbon Emission
1 0.03651 1.937 $53,137.03 10,389.19(ton)

2 0.02998 2.359 50,613.84 10,506.90

3 0.02835 2.494 50,412.64 10,579.14

4 0.02791 2.534 50,396.72 10,602.49

5 0.02778 2.545 50,395.39 10,609.72

6 0.02775 2.548 50,395.31 10,611.41

7 0.02774 2.549 50,395.30 10,611.98

8 0.02774 2.549 50,395.30 10,611.98
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HAAH = w2 oz 13t 39 A A=)

{Table 2> Enumeration for the Example 1

<Table 3> Data for the Multi-Product Case

Data 1 2 3
P, 60,000 80,000 50,000
D, 40,000 40,000 20,000
H(8) 40 10 30
5.($) 800 1,200 500
h;(8) 20 20 10
e;($) 0.1 0.1 0.2
F($) 20 15 10
G(8) 3 2 2
9;(8) 2 1 1
71e} dER g E ot 2}
< EF 13 &F Al 24 GAEF ¢ = 100E
Az Al nAMET g, = 10E/d
< BT ©ask4 c= $20
« A EBanEF =B JYAE o =10,000%F
A of 20 WHEA S AEetH BT WS v
3l a7k FEehs A @ S on), 2 AT} <Table
4o 1}t itk
<Table 4> Results of Iteration Method for the Numerical
Example 2
No t k, k, k, JTC
1 0.03044 146916 1.79935 173143 | $92,176.9
2 0.02674 1.67245 2.04833 1.97100 87,002.0
3 0.02610 1.71346 2.09855 2.01933 | 86,388.0
4 0.02599 1.72071 2.10744 2.02788 | 86,292.2
5 0.02597 1.72204 2.10906 202944 | 86,275.1
6 0.02597 1.72204 2.10906 2.02944 | 86,275.1

ky t JTC Carbon Emission

1 0.03651 $59,544.51 9,933.18(ton)

2 0.02970 50,995.05 10,367.00

3 0.02649 50,664.46 10,807.21

4 0.02440 52,469.51 11,219.03

5 0.02284 55,071.40 11,605.88

6 0.02160 58,012.35 11,971.63

MY e Y AYaE 7 5 doks By
AT 2o 1ol st RHEA o ® SE 41
TotAA sl FREHE HolA HA s sttt
= A% B F1 9t

1
=2
r\J
r_'
e
é
111t|
-Io

olzf 2] <Table 3>9] YA
AFES Aabeto] amfidel] 353
Sv Ued #Eo 2k

SAAAMGA k7h Bgolojof S 22 ey
Q.0

S k=2, k, =2, k,=20°] "t} ojuje FFEH]E

$ 87,372.05°]™ <Table 5> HF A7} Qofx]of gt
<Table 5> Results of Numerical Example 2

ltem 1 ltem 2 ltem 3
K 2 2 2
" 0.02656
JIC $87,372.05
Carbon Emission 20,866.46(ton)
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o, 71 A3} <Table 6> v} otk ko] Wk sy
of Alakst sfjof vjudk Az} A= AR|sle] Wk S o
A sk 7 AAEde & Uk

<Table 6> Results of Enumeration for the Example 2

No | FK k, k, ¢ JTC
1 | 1 1 0.03044 $105,568.33
2 1 1 2 0.02909 102,522.73
3 1 1 3 0.02833 104,786.27
4 1 2 | 0.02734 96,317.40
5 1 2 2 0.02605 91,753.32
6 1 2 3 0.02536 93,137.06
7 1 3 1 0.02572 99,379.36
8 | 3 2 0.02449 93,938.78
9 1 3 3 0.02385 94,842.34
10 2 1 1 0.03166 105,835.99
11 2 1 2 0.03008 101,426.72
12 2 1 3 0.02918 102,884.75
3] 2 2 ! 0.02805 93,375.78
14 2 2 2 0.02656 87,372.05
15 2 2 3 0.02576 87,949.39
16 2 3 1 0.02616 94,595.93
17 2 3 2 0.02476 87,704.71
18| 2 3 3 0.02402 87,804.58
19 3 1 1 0.03449 120,090.07
20| 3 1 2 0.03259 114,185.80
21 3 1 3 0.03147 114,704.92
22 3 2 1 0.03018 104,242.68
23 3 2 2 0.02844 96,877.70
24 3 2 3 0.02747 96,636.59
5 3 3 ! 0.02790 103,574.94
26 3 3 2 0.02628 95,396.03
27 3 3 3 0.02541 94,769.64

[e)
S o] gste] AxtE 4= glom, ojue] AzF FEFH S
$111,621.750]1™ AZF EFAu] &=k 8,016.65(ton) ] T} &
TAFES AT BAuEFES HAgee Auge <
FEANEES Y 7 AT FFAEY SEHE
o] AA F7FE & & Stk ol Kokt AEstd ot
S-¢] <Table 7>3} 2t}

<Table 7> Comparison of Inventory Models

Total Carbon

JTC Emissions

Models

Classical Inventory Model $99,028.12 22,035.49(ton)

Cap & Trade Mechanism $87,372.05 20,866.46(ton)

Minimum Carbon Emission

$111,621.75 20,071.65(ton)
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<Table 8

<Table 8> Sensitivity of C and JTC

Cap & Trade
Mechanism

Classical
Inventory Model

Percentage
Saving of JTC
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