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1. Introduction

Global warming and other environmental problems influence many aspects of our economy. Hence, efforts to reduce the
negative impact of business activities have become global awareness. No exception to the negative impact of logistics
activities. One emerging concern in today's logistics management is to build a sustainable system with a minimum
environmental impact. Particularly, the implementation of carbon emission regulation by many governments raises the need
for industries to develop sustainable logistics systems, including inventory systems that produce as few carbon emissions
as possible. For example, Bonney and Jaber (2011) developed an inventory model that reflects the concern on emission
reduction. Several factors are considered such as emissions from transportation activities and the waste generated by each
lot. The emission costs become part of the total inventory cost; hence, an optimal decision can be derived to minimize the
total cost. The study on low carbon inventory management still needs many explorations, regarding different issues in the
real inventory system. One of the important challenges faced by many companies is the unavoidable problem of product
quality. Our study will solve the economic order quantity (EOQ) decision when a percentage of defective items exist in
each delivery lot, and the company (i.e., a retailer) searches for carbon emission reduction. This issue has attracted several
researchers such as Kazemi et al. (2018) and Wee and Daryanto (2020). The studies employed quality inspection to separate
the defective items from the perfect ones at the arrival of the order. Kazemi et al. (2018) assigned different holding costs
for different categories of products, while Wee and Daryanto (2020) neglected the holding cost of the defective items.
However, both studies followed the assumption from Wahab and Jaber (2010) in which the defective items will be sold at
the end of the inspection process. Selling defective items at one time is not always the case. In most cases, retailers have to
keep these defective products for some time while selling them at a lower price. This was stated by Teng & Hsu (2013)
assuming that demand for defective products is smaller than demand for the perfect ones. Therefore, our study develops an
EOQ model considering the effects of defective rates, the separation between the perfect and defective products, different
demand rates, selling price, and holding cost for defective products, and carbon emissions produced during transportation
and inventory holding. The mathematical model is examined with a numerical example to test the results including the
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sensitivity analysis. Moreover, the effect of each parameter on the total emissions is studied. The results of this study can
be a guideline for the managerial decision to develop a profitable and sustainable inventory system.

The remainder of this paper is arranged as follows. In the second section, we present previous research on the EOQ models
with carbon emission consideration and the effect of imperfect quality products. Section 3, initially, presents the problem
assumption and notation list and then explains the formulated model. Section 4 discusses the model by providing a
numerical example, the corresponding sensitivity analysis, and a discussion on the findings. Finally, section 5 concludes
the study.

2. Literature Review

2.1 Sustainable inventory model

Since the development of the economic order quantity (EOQ) model a century ago, research on inventory models has
attracted much attention. Lately, with increasing efforts to build a more environmentally friendly industry, many researchers
have studied aspects of sustainability in inventory management. Some terminology has been proposed such as
“environmentally responsible inventory model,” “carbon-constrained EOQ,” “sustainable EOQ,” “sustainable order
quantity (SOQ),” “low carbon EOQ,” etc. Bonney & Jaber (2011) proposed a simple non-classical model that includes
vehicle emissions and waste disposal costs, in addition to ordering costs, purchasing costs, storage costs, and transportation
costs. The EOQ model considered the effect of product returns, vehicle emissions costs, delivery distances, vehicle speeds,
and waste disposal costs. Carbon footprint can be used to measure the total amount of CO; emissions of an activity, such as
ordering goods, producing, transporting, storing, consuming, and disposing or recycling their products. In their study,
researchers calculated the cost of carbon emissions in their supply chain decision models. Previous studies applied a direct
accounting approach to translating environmental aspects of carbon emissions into economic parameters (Benjaafar et al.,
2013). According to Chen et al. (2013), adjustments in order quantities can help companies to reduce emissions from their
regular operations. Battini et al. (2014) considered the costs of variable repairs and emissions, storage costs and warehouse
emissions, and emissions from the collection and disposal of obsolete materials. Soleymanfar et al. (2015) referred to
research from Battini et al. (2014) and developed a sustainable lot-sizing model with a partial backorder taking into account
carbon emissions from inventory obsolete. Hua et al. (2016) studied a supply model for perishable items in which demand
depends on the level of freshness of the product and uses carbon emissions as one of the constraints. Carbon emissions
come from shipping/transporting, storing, and deteriorated material. Wangsa (2017) incorporated emissions from internal
energy generation. Lee et al. (2017) examined the impact of time uncertainty and multi-modal transportation on a
sustainable EOQ model in international supply chains. The decision variable is the number of orders and the reorder point
because uncertainty can lead to shortages. Taleizadeh et al. (2020) considered the existence of all-unit discounts on EOQ
models with carbon emissions and partial backorder. The studies above take into account the cost of emissions based on the
carbon tax system. Following the previous studies, our model will consider the emissions from product deliveries and
storage and the retailer obligated to carbon tax regulation.

2.2 Inventory model with defective items

Other studies have developed inventory models with the assumption that not all products received conform to quality
specifications. Porteus (1986) and Rosenblatt & Lee (1986) exhibited the relationship between imperfect quality and lot
size. Schwaller (1988) assumes that defective goods received in lots will result in additional inspection costs. Salameh &
Jaber (2000) studied the EOQ model with the effect of a defective product whose probability distribution was known. They
assume that defective goods are sold as a batch at the end of the inspection period at lower prices. In contrast to these
assumptions, Teng & Hsu (2013) considered selling these defective products gradually depending on the customer demand
rate. The holding costs are different from the perfect products.

Several studies considered the simultaneous effect of imperfect quality and carbon emissions on EOQ models. Digiesi et al.
(2012) studied sustainable EOQ by considering the possibility of repairing defective components rather than buying a new
one. They consider the environmental costs of producing and transporting new parts, and for disposing of the replaced units.
Kazemi et al. (2018) incorporated the effect of imperfect quality and studied the optimal order quantity. Wee & Daryanto
(2020) added the effect of shortages with a full backorder on total costs and carbon emissions. Recently, Daryanto et al.
(2020) extended the low carbon EOQ model considering the holding cost and emissions from the defective items. However,
the developed low carbon EOQ models did not consider the partial backorder situation. Our study fills this important gap
because, in real business, a percentage of customers will go to other retailers or find other products when the original order
cannot be satisfied.

In this study, an economic order quantity (EOQ) model is developed by considering carbon emissions, as well as the effects
of defective rates, demand rates for defective items, shortage back orders, and the existence of discounts for defective
products. The state of the art of this study is shown in Table 1 which shows a comparison with previous studies.
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Tabel 1
Summary of literature on EOQ model with defective items and carbon emissions
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Porteus (1986) Yes
Schwaller (1988) Yes
Salameh & Jaber (2000) Yes
Bonney & Jaber (2011) Yes
Digiesi et al. (2012) Yes Yes
Teng & Hsu (2013) Yes Yes
Chen et al. (2013) Yes
Battini et al. (2014) Yes
Soleymanfar et al. (2015) Yes
Hua et al. (2016) Yes
Lee et al. (2017) Yes
Kazemi et al. (2018) Yes Yes
Taleizadeh et al. (2020) Yes Yes
Wee & Daryanto (2020) Yes Yes
Daryanto et al. (2020) Yes Yes Yes Yes
This research Yes Yes Yes Yes Yes
3. Model Development

3.1. The problem, assumptions, and notations list

A retailer orders Q units of product to fulfill their customers' demand per inventory cycle. Due to supplier reliability
problems, the retailer finds certain defective products in each delivery. Recorded data shows the probability of defective
products. Upon receiving, the retailer conducts a quality inspection of all products and separates the defective products in a
different area. Then, due to lower quality and value, the defective products are sold at a lower price, and the demand rate
for these products is much lower. The retailer is willing to minimize the total cost by optimizing the order quantity. However,
due to the campaign on carbon emission reduction, the government charges carbon tax which is equivalent to the total
emissions amount. The retailer must consider this additional cost in the total cost function.

Further, the EOQ problem works under the following circumstances:
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The inspection can identify and separate the defective products perfectly. During the inspection period, customer
demand is fully satisfied due to the high inspection rate. Moreover, the probability of defective products is known.
This set of assumptions is similar to Salameh & Jaber (2000), Wahab & Jaber (2010), Kazemi et al. (2018), etc.
The retailer allows inventory shortages and partial backorder occurs from a percentage of customers.
CO; is directly emitted from order transportation and electricity consumption in product storage.
Our model uses the following parameters and variables:
Parameters
demand rate of good product (units/year)
demand rate of defective product (units/year); d; > d;
a fix order cost ($/cycle)
purchasing cost ($/unit)
inspection cost ($/unit)
holding cost of good items ($/unit/year)
holding cost of defective items ($/unit/year)
penalty cost due to backorder ($/unit)
lost sales cost ($/unit)
transportation setup cost ($/cycle)
average fuel price ($/liter)
carbon tax rate ($/tonCO,)
defective rate in Q,
probability density function (pdf.) of
expected value operator of a
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i inspection rate (units/year); i >> d;
P, perfect items selling price ($/unit)
Py defective items selling price ($/unit); P, > Py
/ distance factor (km)
F average emission from fuel (tonCO,/liter)
E average emission from warehouse electricity (tonCO»/kWh)
w product weight (ton/unit)
Ji fuel consumption factor of the truck (liter/km)
f fuel consumption factor of the truckload (liter/km/ton)
e per unit electricity consumption in warehouse (kWh/unit)
1) fraction of backorder
Decision variables
(0] order quantity (units)
N maximum shortage (units)
Other variables
1 maximum inventory
t inventory period
t shortage period
t3 inventory period of defective products
T inventory cycle time (year)
t; inspection period (year)
B backorder quantity (units); B = fs and (1-f)s is the total lost sales

y-aQ total demand of perfect items per cycle (units)
3.3. Model formulation
The inventory model is shown in Fig. 1. From the EOQ model with imperfect quality in Maddah & Jaber (2008), separation

and gradual depletion of the defective items in Teng & Hsu (2013) are considered, and finally, the effect of emission cost
in Wee & Daryanto (2020) is incorporated with a partial backorder.
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Fig. 1. The graphical inventory model
The inspection lasted for #;, that is

ti = % (1)

After the inspection, aQ of defective items are placed in a different area of the shop. The inventory is continuously
decreasing for both the perfect and imperfect items at a different rate. The perfect items inventory reaches zero at ¢;, while
the defective items are depleted at #;. Shortages occur during ¢, before the arrival of the next delivery, in which only AS units
are back-ordered. This arrangement resulting in the following equations:
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The length of the inventory cycle is
T=t +t, )

hence, substituting Eq. (2) and Eq. (3) into Eq. (5), we have

7= G-@Q=ps | 5 _ (A-@)Q=psts _ (-a)Q+(1=p)s (6)
dq dq dq dq

Considering the portion of defective items, we have a similar result as

T o= Y200 _ QH(=pS)-aQ _(1-)Q+(1-p)S (7)
a4 dy dq
in which
y=0Q0+@1-p)S. (3)

3.4 Total cost function

The proposed model considers the traditional ordering and purchasing costs, and the additional emission costs that become
part of the holding and transportation costs. There are inspection costs that come from a 100% quality inspection. Backorder
and lost sales costs come due to inventory shortages. The ordering cost is C,, while the purchasing cost according to the
order size is QC,, and the inspection cost for the arrival lot is OC;. These costs are counted per cycle. The holding cost for
perfect quality products consists of basic operational expenses (%,) and additional charges due to emissions. Based on the
average electricity usage (e), standard electricity emission (£), carbon tax rate (C;), and the expected defective rate (E[a]),
for the perfect quality products we have

Ch1 = (hy +eEC) (% Q- E[O;]Q —sp)? N E[(xi]QZ) )

Then, considering the inventory of the defective items during #3, the holding cost for defective products is
(E[]Q)? (10)

Inspired from Wee and Daryanto (2020), the transportation costs considers emissions from fuel consumption, and consist
of a fixed transportation setup cost Cy, fixed costs from the operation of a truck (2If;(Cy+ FC;)), and variable costs from the
truckload (wQ! f> (Cr+ FCy)). Therefore, the total transportation cost is

Chy = (hy, + eECy)

Cr = Cq + 2Uf1(Cr + FCp) + wQlf, (Cr + FCy). (11)

The partial backorder cost is

_ 1C,ps? (12)
B™2 d,

while the lost sales cost is

s?  fBs? (13)
CL=Cl—=——)
Lo <2d1 2d1>
Finally, considering the expected value E[a], the total cost per cycle is
- — 2 2 2 2
ETC = C, + QCy + QC; + (hy + eEC) (370 $ FE) o (n, + eBC) E0on 4 2000 (14)
2 dy i 2d, 2 dy
S2 ﬂSZ
Cq + 2Ufy(Cr + FC) + wQlf, (Cr + FC) + G (E - E)

3.5 Total revenue function

Considering the expected value E[a], we can calculate the expected total revenue per cycle. Take note that revenue comes
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from the perfect and defective items, we have

ETR = (1 — E[a])QP, + E[a]QP,. (15)
3.6 Total profit function

From the Eq. (7), Eq. (14), and Eq. (15), the expected total profit per unit of time is

ETPU — ETR—ETC,
B[T]
hence,
(1 — E[a])QP, + E[a]QP; — C, — QC, — QC; — (hy + €EC,) (16)
1 Q-E[alo=sp)? | Flalg (E[a]Q)Z 1Cps?
(5 dy i ) (hy +eEC) = = T2 a4
C, — 2Lf,(Cr + FC,) — wQIf,(Cs + FC,) — i—ﬁ—sz)
oy 8T 2+ FC) ~wQUfs(Cy +FC) z(Zdl o

(1-E[a])Q+(1-B)s
dy

The concavity check for this total profit function is conducted as follows:

0°ETPU _ hB*+eECB*+C,f+C—CB 1 17)
dsz Q 1—E[q]
h,B% + eEC B2+ -G (18)
62ETPU I/ . : +ps2t Q3 \ 1
\ +2dlc +cd+21};1(Fct+cf) /E[oc]—l
Q
0?ETPU _ s(hyB? + eEC,S* + Cof + C,—C,B) (19)
9s0Q0 (E[a] — 1)Q?
d2ETPU\° [92ETPU\ (9*ETPU (20)
< 9s0Q ) _< ab2 )( dy? )
3 2(eECB? + hyf? + C,B—C,B + C)d1(Co + Cq + 21f; (FCy + Cf) 1 <0
T Q* (Ela] — 1%~

These results have shown that ETPU is strictly concave.
3.7 Optimal decisions

Because ETPU is strictly concave, the optimal values of s* and O* can be obtained as follows:

o= (h,f +eEC,B)Q(1 — E[a]) @1
~ (eECB? + hy B2 + CoB—CiB + C)

<4d11 fiFC, + €EC,s2B? + CyBs? + 4dyf,C; — Cl,Bsz) o (22)
. +h, 252 + €52 + 2Cqd, + 2C,d; 2
O = R ElaPdyi + 2d,d,E[a] — 2dy1 E[o] + dyl) + By E[aPd,i F

eEC,(E[a]?d i + E[a]?d,i + 2d,d,E[a] — 2d,iE[a] + d,i

Further, to study the effect of the above decisions on carbon emissions reduction, we can calculate the expected total
emissions (ETE) per unit time from Eq. (9), Eq. (10), and Eq. (11).
1(0 —E —sB)? E 2 (23)
[op (LQEIIO =59 | EIQ?)
2 dy i | < d, )
(E[a]Q)? / (1-E[eDQ+ (1 —-p)s

ETE = |

eF =g+ 2UAF +WQUpLF
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4. Numerical illustration and discussion

An example is presented to illustate the decision process. A set of data is provided by adapting Teng & Hsu (2013) and Wee
& Daryanto (2020). Considers a set of data as follows:

d; =50.000, d>=30.000, P, =50, P;,=40,i=175,w=0.01,=0.7, h; =10, h, =8, C, = 100, C, =20, C, = 25, C;=0.5,
C,=75,Cs=100, C;=25,C;=0.75,1=10, f/; = 0,27, /2= 0.0057, e = 1.44, F = 2.6 x 103, E= 0.5 x 10%, and E/a] = 0.02

For the above data set, Eq. (21) and Eq. (2) give the optimal results of s* = 580.3 units, Q* = 1770.1 units, ETPU = $
1,227,945 per year, and ETE = 0.765 tonCO,/year. Substituting C; = 0, for a system without emission tax we gain new
results of s* = 577.8 units, Q* = 1768.8 units with the ETPU = $ 1,228,002 per year and ETE = 0.766 tonCO»/year. From
the above results, we found that carbon emission regulation reduces the company’s profit but successfully reduces the
carbon emissions. Further, a sensitivity analysis is conducted by changing the value of each parameter between -20% to
+20% when the remaining parameters remain constant. Table 2 presents the results and shows the changing values in s*,
Q* ETE, and ETPU.

Table 2
Sensitivity analysis results

Parameter % change s* (units) O* (units) ETE (tonCO,) ETPU ($)
d; +20 457.8 1,754.0 1.000 1,473,403.7
(50000) +10 438.6 1,680.6 0.953 1,350,046.7
-10 397.3 1,522.5 0.853 1,103,419.5

-20 374.9 1,436.5 0.800 980,159.0
d; +20 418.5 1,603.7 0.904 1,226,718.0
(30000) +10 418.5 1,603.6 0.904 1,226,717.6
-10 418.5 1,603.5 0.904 1,226,716.7

-20 418.5 1,603.5 0.904 1,226,716.1
P, +20 418.5 1,603.6 0.903 1,726,717.2
(50) +10 418.5 1,603.6 0.904 1,476,717.2
-10 418.5 1,603.6 0.905 976,717.2

-20 418.5 1,603.6 0.906 726,717.2

P, +20 418.5 1,603.6 0.919 1,234880.5
(40) +10 418.5 1,603.6 0911 1,230,798.9
-10 418.5 1,603.6 0.896 1,222,635.6
-20 418.5 1,603.6 0.889 1,218,554.0
i +20 419.0 1,605.5 1.008 1,226,732.9
(175200) +10 418.8 1,604.6 0.956 1,226,725.8
-10 418.2 1,602.3 0.852 1,226,706.8
-20 417.8 1,600.7 0.799 1,226,693.8
w +20 418.5 1,603.6 0.993 1,226,711.7
0,01) +10 418.5 1,603.6 0.949 1,226,714.5
-10 418.5 1,603.6 0.859 1,226,720.0
-20 418.5 1,603.6 0.815 1,226,722.7
Cy +20 438.5 1,680.0 0917 1,226,095.7
(100) +10 428.6 1,642.2 0.910 1,226,402.8
-10 408.2 1,564.0 0.898 1,227,039.4
-20 397.6 1,523.4 0.893 1,227,369.9
C, +20 374.4 1,586.5 1.000 1,226,576.9
(20) +10 395.2 1,594.6 0.952 1,226,643.3
-10 4448 1,613.8 0.856 1,226,799.9
-20 474.5 1,625.5 0.809 1,226,892.9

C, +20 418.5 1,603.6 1.008 971,615.2
(25) +10 418.5 1,603.6 0.956 1,073,656.0
-10 418.5 1,603.6 0.852 1,328,758.0

-20 418.5 1,603.6 0.799 1,481,819.3
hy +20 449.9 1,491.1 0.952 1,225,732.7
(10) +10 434.8 1,543.3 0.929 1,226,207.2
-10 400.9 1,674.3 0.875 1,227,268.1
-20 381.8 1,758.5 0.844 1,227,866.8

h; +20 418.5 1,603.5 0.870 1,226,716.1
8) +10 418.5 1,603.5 0.887 1,226,716.8
-10 418.5 1,603.6 0.921 1,226,717.7

-20 418.6 1,603.7 0.939 1,226,718.3
C; +20 418.5 1,603.6 0.898 1,221,615.2
(0.5, +10 418.5 1,603.6 0.898 1,224,166.2
-10 418.5 1,603.6 0.898 1,229,268.2

-20 418.5 1,603.6 0.898 1,231,819.3
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Table 2
Sensitivity analysis results (Continued)

C, +20 418.9 1,603.7 0.904 1,226,703.7
(75) +10 418.7 1,603.7 0.904 1,226,710.0
-10 4183 1,603.5 0.904 1,226,723.5

-20 418.1 1,603.5 0.904 1,226,730.8

Cy +20 438.5 1,680.0 0.902 1,226,095.7
(100) +10 428.6 1,642.2 0.903 1,226,402.8
-10 408.2 1,564.0 0.906 1,227,039.4

-20 397.6 1,523.4 0.908 1,227,369.9

! +20 419.6 1,607.6 0.904 1,226,679.3
(10) +10 419.0 1,605.6 0.904 1,226,698.2
-10 418.0 1,601.6 0.904 1,226,736.2

-20 417.5 1,599.6 0.904 1,226,755.2

Cy +20 419.3 1,606.8 0.904 1,226,687.1
(0.75) +10 418.8 1,604.6 0.904 1,226,707.2
-10 418.2 1,602.5 0.904 1,226,727.3

-20 417.7 1,600.4 0.904 1,226,747.4

fi +20 419.5 1,607.3 0.904 1,226,687.2
(0.75) +10 419.1 1,605.8 0.904 1,226,699.2
-10 417.9 1,601.4 0.904 1,226,735.3

-20 417.6 1,599.9 0.904 1,226,747.3

f +20 418.5 1,603.6 0.904 1,226,711.9
(0.75) +10 418.5 1,603.6 0.904 1,226,714.3
-10 418.5 1,603.6 0.904 1,226,720.1

-20 418.5 1,603.6 0.904 1,226,722.5

e +20 418.7 1,602.9 0.904 1,226,711.5
(0.75) +10 418.6 1,603.2 0.904 1,226,714.4
-10 418.4 1,603.9 0.904 1,226,720.1

-20 418.3 1,604.3 0.904 1,226,723.0

F +20 418.7 1,604.4 0.904 1,226,709.7
(0.75) +10 418.6 1,604.1 0.904 1,226,712.7
-10 418.4 1,603.1 0.904 1,226,721.7

-20 418.3 1,602.8 0.904 1,226,724.8

E +20 418.7 1,602.9 0.904 1,226,711.5
(0.75) +10 418.6 1,603.2 0.904 1,226,714.4
-10 418.4 1,603.9 0.904 1,226,720.1

-20 418.3 1,604.3 0.904 1,226,722.9

C +20 393.7 1,594.0 0.914 1,226,638.4
(0.75) +10 403.2 1,597.7 0.910 1,226,668.8
-10 429.4 1,607.8 0.900 1,226,751.5

-20 446.8 1,614.6 0.893 1,226,806.1

+20 496.7 1,673.9 0.878 1,227,265.1

(0.75) +10 458.1 1,637.1 0.890 1,226,984.2
-10 378.0 1,573.4 0.919 1,226,466.9

-20 336.6 1,546.5 0.935 1,226,235.8

Ela] +20 417.8 1,607.5 0.904 1,229,727.4
(0.75) +10 418.2 1,605.6 0.904 1,228,219.3
-10 418.9 1,601.6 0.904 1,225,221.2

-20 419.2 1,599.7 0.903 1,223,731.0

The above results lead to several insights as follows:

Total profit is highly affected by the changes in demand and selling price of perfect items, in which the increase is
proportional. The effect of demand on defective products is very low. It may happen when the percentage of defective
products is low, hence does not give a significant contribution.

The effect of purchasing cost on the total profit is the highest compared to the other cost parameters, followed by the
inspection cost and holding cost of perfect products. It happens because these costs are charged to all of the products
at the beginning. Therefore, a careful search to find the best supplier and best inspection method are then essential.
The possibility to do a sampling inspection can be further studied.

The total profit is also highly affected by the percentage of defective products, hence a search to find the best supplier
or collaboration to improve supplier’s quality is highly recommended.

The total emissions are proportionally affected by the demand for perfect products, inspection rate, product weight,
backorder cost, purchasing cost, and holding cost for the perfect products. The total emissions are inversely affected
by the holding cost of the defective products and the percentage of the backorder. The changes in other parameters do
not affect the total emissions. Surprisingly, the changes in the carbon tax rate do not affect the total emissions.
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5. Conclusions

This paper presents a study on the low carbon EOQ model by simultaneously considering the effect of defective products
and partial backorder. The model assumes a separation between the perfect and defective products, followed by different
demand rates, selling price, and holding cost for defective products. The retailer is obligated to the carbon tax regulation,
hence the total cost incorporates carbon emissions cost that comes from transportation and inventory activities.

The study found that carbon emission regulation successfully reduces carbon emissions but reduces the company’s profit.
But surprisingly, the changes in the carbon tax rate do not affect the total emissions. Therefore, the government must be
careful in setting tax rates so that the goal of reducing carbon emissions is achieved without harming businesses. Total
profit is highly affected by the changes in demand and selling price of perfect items, purchasing cost, inspection cost, and
holding cost. Therefore, managers must monitor these costs carefully. Further research on selling price policies could also
be a solution to this situation. The total emissions are proportionally affected by the demand for perfect products, inspection
rate, product weight, backorder cost, purchasing cost, and holding cost for the perfect products.

The proposed model has certain limitations. The study only works for carbon tax regulation; hence, the model can be
extended in several ways by implementing other carbon reduction regulations, e.g., cap policies and cap-and-trade systems.
Regarding the defective products, further research can study the effect of sampling inspection and product repair. Several
recent studies have investigated the effect of green technology investment as in Mashud et al. (2020, 2021) and Mishra et
al. (2020, 2021), this can also be applied in this proposed model.
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