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Abstract:

Green inventory management for reworking the defective item which brings long lasting benefits. In global business, the
products are procured from a global supplier in many situations. In this situation, there are chances that the received many
items which may contain a fraction of imperfect products. The defective items are also valuable and can be repairable to
recover the environment. It is sustainable to repair defective items in a local repair store is affordable when contrasted
with sending them back to the retailer. The cost of carbon emissions is also incorporated into the effect on net income for
the environment. Meantime, the supplier offers multi-trade-credit-period to the buyer. The proposed model is sustainable
and reduces the environmental impact as well as benefits for financing. This paper seeks to maximize the total profit by
developing a synergic economic order quantity model by considering multi-trade-credit policy, rework, shortages, green
branding and proportion of firms with registered patents in green technologies simultaneously. This model can help in
making better decisions to enhance sustainable inventory management efficiency by controlling the cycle time and a

fraction of time for a global supply chain.The numerical illustration is given to determine the proposed model.

Keywords: Inventory Model, defective items, Permissible delay in payment, green branding, green patent.

1.Introduction:

Production mangers implement and apply efficient production planning under control systems to
achieve 100% perfect items at an economized cost for a sustainable environment. Still, the
production system may manufacture with some imperfect items. The imperfect items cut down the
income of the buyer and also have a negative effect on the environment by focusing on the extra
activity requiring the supplier to exchange these imperfect items. This unintentional supply will
cause a loss of goodwill to the customer. Nowadays, in order to purchase sustainable goods or
renewable raw material at an economical cost in the supply chain, the customer first finds out the
suppliers and then work out the best one. As suppliers and customers are far away from each other,

this also makes it difficult for a manufacturer to give the customer all the perfect items. Thus, to
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ensure good quality and brand reputation, it is an important for a customer to check an entire lot as
soon as it reaches an inventory after the goods have been screened. But it may be possible that
some percentage of items is detected as defective with minor damage. The exchange of
defectiveitems with an immediateshipment is not suitable and it also has negative impact on the
environment because the supplier is located miles away from the customer.If the exchange of
defective items is going to happen with a global supplier, then it will increase the environmental
cost, which in turn also raises the overall cost of the service. These minor damages can be repaired
at a local repair shop to maintain sustainable supply of products at an economic cost and to reduce
the environmental impact; the sustainable approach is to repair these items at a local repair shop as

compared to exchanging them with the supplier.

Green logistics is a measure aimed at reducing the pollution and sustainable policy taken by
the logistics industry to minimize the environmental impact on transportation, warehousing and
other logistics activities. This policy is helped to create a sustainable company value that balances
the economic and environmental efficiency. It is a way that usesnew advanced technology and
equipment to reduce environmental damage during productions. Green branding is a method of
developing and advertising products based on their environmental sustainability. This practice will
create awareness among the public and enhances the sales which also gives more profit to the
firms.The total holding cost per unit time is a combination of the holding cost of perfect products
that are already in the system and the holding cost of repaired products. Patents of interest for
green creation are those for green or environmental advancements. Green technologies which
includes technical processes, facilities and goods and services, the purpose of technical nature of
which is environmental protection or resource management. These can be classified into two types
such as end-of-pipe and integrated technologies. The end-of-pipe (Pollution treatment) technologies
which intended for measurement, control, treatment and restoration of pollution, environmental
degradation and resource depletion. The integrated (Pollution prevention) technologies used in

production processes that are less polluting the atmosphere and less resource-intensive.

Biswajit Sarkar, Wagas Ahmed, Seok-Beom choi and Muhammad Tayyab introduced the
partial backordering and Multi-Trade-Credit - Time of sustainable Resource Management for
Environmental Impact. Compared the charge for send back to retailer, they suggested the
sustainable inventory model to fix defective goods in a nearby repair store. Antonitte Vinoline, Ritha
and Merline Vinotha discussed an environmentally sustainable inventory model with the impact of
trade credit and partial backordering. Marchi, Zanoni, Zavanella and Jaber developed a Green supply

chain vendor-buyer model by considering both a decentralized and a centralized integrated

9980



Nat. Volatiles & Essent. Oils, 2021; 8(4): 9979-9993

approach. He introduced investing in technology development, and reducing carbon emission from
the manufacturing processes. Voros examined models of economic order quantity of production
without restriction to the fraction of imperfect products. Kim and Sarkar suggested a multi-stage
cleaner production system by eliminating all defective items during the production process.Jaber et
al. studied an EOQ model for imperfect quality, reworking and emergency purchases from a local
store at a higher cost. Salameh and Jaber proposed the EOQ model for defective items by
considering the random fraction of imperfect products in a lot. Wahab et al. extended a sustainable
inventory model for a global supply chain by taking into consideration imperfect items and

environmental impact.

The rest of the paper is structured as follows: Section 2 provides fundamental assumptions
and notations. Section 3 describes the Mathematical Model in detail. Section 4 illustrates a

numerical example. Section 5 concludes the paper.

2. Mathematical Formulation:
To develop the proposed model, the following notations and assumptions are defined throughout

this paper.

Notations

Decision Variables
T Cycle Time
F Fraction of time that has a positive inventory level

Dependent Variable

Q Order size per cycle

Parameters

D Demand rate per unit time

X Screening rate

tg Screening time of products

Cs Screening cost per unit

tr Rework and return time for imperfect products
R Rework rate
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B Percentage of imperfect items

0] Ordering cost of buyer

Sy Setup cost of repair store

H Holding cost of perfect items

H Carbon emission cost per item on holding perfect items

H, Holding cost of rework products

Hr' Carbon emission cost per item on holding rework items

Hg Holding cost at repair store

HS' Carbon emission cost per item on holding item at repair store
Cu Purchasing cost of one unit

Cim Labor and material cost required to repair a unit product

1 Cost incurred due to a loss of sales

G Penalty cost incurred due to goodwill loss

w Percentage of imperfect items passed to customers
u unit return cost of the imperfect product

T Backordered cost

P Selling Price of one unit

Y Percentage of backordered demand

m Markup percentage by rework store

M, First Permissible delay period for payment
M, Second Permissible delay period for payment
le Interest earned

| Interest charged for period M;
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Interest charged for period M,
Fixed cost per trip

Social cost from vehicle emission
distance travelled

Average velocity

Green branding cost

Proportion of firms with registered patents in green technologies

Assumptions

10.

11.

12.

The inventory model has a single type of product

Emission of carbon from warehouse is due to the consumption of electricity per unit item.
Thus, according to carbon tax policy, carbon emission cost per unit items H',Hr' and HS' is
considered for holding perfect items, holding repair items and holding items at the repair
store respectively.

Shortages are permitted and these are partially backordered.

Demand and inspection rates are considered as known and constant.

The screening techniques and demand occur at the same time, but the screening cost is
higher than the price of production (X>D).

Imperfect products have minor damage which can be repairable in a controlled system and
all defective items are reworked.

The percentage of defective items are given and known.

The relationship between the purchasing cost and selling price of buyeris P > C,,.

The holding cost of reworked produces exceeds the initial holding cost of perfect items
(H, > H).

The dealer grants the buyer M; and M, multi-trade credit period. At some point in this time,
the buyer sell the commodity and utilizes its income to earn interest with the rate of I..
When the inventory level of the system becomes zero then the reworked items are
returned.

If the buyer fails to pay the supplier during the first credit period M, then interest I is
charged and later if the purchaser again fails to pay the supplier during second allowable

time M,, then interest I, is also charged.

9983



Nat. Volatiles & Essent. Oils, 2021; 8(4): 9979-9993

13. The percentage of defective item is sent to customers, which are returned back to the buyer
in the next cycle. The purchaser pays a cost per unit for these returned products and a cost

per unit as a penalty cost incurred due to goodwill loss.

3. Mathematical Model:
This section describes and develops a green inventory model of total profit inventory, with multiple
delays in payments, partial back ordering, repair of imperfect products, green branding, green

logistics and green patent.

(i) Ordering cost =%
(ii) Inspection cost = CgFD

(i)  Holding cost=(H + H) [(1_8):F2TD + BT()F(D)Z] + (H, +H;) [(BF):TD]

(iv) Rework cost = (1 + m) [BFSTFD + Cjy + (Hs + Hsl) (BF%)] R = (BF%)

The defective items come back into the inventory when the initial inventory level becomes zero,
therefore the level of inventory becomes BFTD units.As the cycle ends, (1 — F)TD becomes the
shortage level of the system. The order quantity for a given cycle is considered to be Q = FTD +
vy(1 — F)TD.

v(1-F)2TD

— +11 -y (1 -F)D

(v) Shortage cost =
(vi) Goodwill penalty cost = (u + G)wFD
(vii) Green logistics cost = % (2a+2b %)

. B
(viii)  Green branding cost = ?‘:
. P
(ix) Green Patent cost = ?C
Interest Charged and Interest Earned
If the allowable payment duration is larger than the lead time, it will carry interest income to the
purchaser according to the trade credit policy. If this allowed time is smaller than lead time, then it
would bring more opportunity cost and less interest income to the buyer; at the same time, the
supplier can earn interest income and pay less opportunity cost. Because of this model, the
supplier’s model has the following cases, based on the permissible time of payment X and length of

lead time, the different cost between two likely cases are as follows.

Condition 1:
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If the lead time T is less than or equal to the supplier’s permissible payment M; duration,

then only interest income is received as interest paid under such a condition is zero.
. TD

Interest income = Pl [DMl — ?]

Condition 2:

If the lead time T is greater than the supplier’s first allowable payment time M; and less than or

equal to the second allowable payment time M, provided to the buyer, than all interest costs will be

paid and received.

(DM,)?
2TD

Interest income =PI,

(TD—-DM,)?

Interest charged = C, 14 D

Condition 3:

There is a special case where the buyer will be charged more interest if they fail to give the required
payment in the first permitted time. In this case the lead time T is greater than the supplier’s second
permissible payment time M.

(DM,)?
2TD

Interest income =PI,

(TD-DM,)?
2TD

D(M,-M,)?

Interest charged = C 1, T

D
— Cyler = (MaT = My = My T + M;Mp) = Cylg
Total Profit Function

Total Profit = Selling price — [ordering cost + Production cost + Inspection cost + Holding cost +
Rework cost + shortage cost + Goodwill penalty cost + Green logistics cost + Green branding cost +

Green patent cost + Interest earned — Interest charged]

According to these different conditions of multi-delay-in-payments, three cases are

developed and the total profit function for all cases can be given as:

Case 1: Total Profit (TP,) if T < M;
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TP(F,T) = PD(F +y(1—F))

— R)2E2 2
_ <% +CyD(F+y(1—F)) + CFD+ (H+H) [(1 B; F7ID + BT()F(D) ]

& (BB, [(BF)ZTD] N F)2yTD

2

+BFD(1+m)[ + Cm + (Hs + Hg )( TD>]+1(1—v)(1—F)D

BFTD

+U+06) FD+1(2 +2bd>+BC+PC+PI [DM TD]
U WWER T s T aby) T Tp T e [P T

The profit function for case 1 in the above equation, found by adding +1 and -1 to the order quantity

is given as:

TP(F,T) =PD(1 - (1 - F)(1—v))

— R)2F2
<$+c D(l_(l_F)(l—V))+CFD+(H+H)[(1 B)°F TD_I_BT(FD)]

2 R Y
+(H, +H, )[(BF) TD]H“ OV

~ (BFTD
+ BFD(1 + m) [ﬁ + Cjm + (Hs + Hy) (BT)] +1(1—-y)(1-F)D

+ (u+0G) FD+1(2 +2bd)+BC+PC+PI [DM TD]
U WWER T s T aby) T Tp T e [P T

Rearranging the terms, this can be expressed as:

TP(F,T) = PD — C,D

— R)2R2 2
_<%+CSFD+(H+H')[(1 B;FTD+BT(§D)]+(H H,)

[(BF)ZTD]

(1-F)*yTD
,'[—

> + BFD(1 + m) [BFTD + Cyy + (Hs + Hy ) (BFTD>]

1 dy B, P, D
+1(1 = )(1 = F)D + (u + G)WFD +T<2a+ 2b;) " [DM1 —7]

+PD(1-(1-F(1-y)-CDA-1-FH(A- y)))

By substituting in C, = (P +1— Cy), the total profit function becomes
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TP(F,T) = D(P — C,)

<$ +CsFD+ (H+H) [(1 — B°FTD + BT(FD) ] (H: + H;) [(BF)ZTD]

(1-F)*TD
Tt—

4+ BED(L + m) [

grrp T Cm (Hs + Hy ) (BFTD)]

+ (u+G FD+1(2 +2bd)+B°+P°+PI DM D +C,D1-(1-F1
(u+ QWD + 3 (22 +2b5) + =£ 4 £+ Pl [DMy — —| + €,p(1 — (1 - F)(
—v)))

The profit function can be again simplified to
TP(F,T) = D(P - C,) — PI.DM; — C,D(1 —vy)
1 d
- <T (O + (1 +m)(S,) + (Za +2b ;) + B, + PC) + F(CsD + BD(1 + m)(Cyyp)

(1 + m)(Hs + Hs )p*D?
R
_ 2 ! ! 2 "\p2
+(1 B) (2H+H)D+B(H+XH)D +(Hr+12{r)B D+n;D>

ny Pl )
—C,D(1-y)) + T(7 + 7) + FT(nyD) + F2T(

Where D(P —C,) — PI.DM; — C,D(1 —y) terms are constant. The total profit per year is

maximized if the total cost per year is minimized. Therefore the Y(F, T) is

Y(F, T) = <% (0 + (1 +m)(S,) + (Za + 2b%) + B, + PC) + F(CD 4 BD(1 + m)(Cyy) — C,D(1

(1 + m)(H, + Hy )B*D?
R
N (1-— B)Z(ZH +H)D N B(H +XH')D2 N (H, + ;lr')BZD s n;D))

ny Ple )
-v)+ T(7 + 7) + FT(myD) + F-T(

The compact form of Y(F, T) is expressed as
1 2
Y(F,T) = T(Kl) + T(K, — K4F + KsF4) + K3F
We can rewrite the above equation as
1
Y(ET) =7 (Ky) + TO(F) + o (F)

Where 8(F) = K, — K,F + KcF? and ¢(F) = K;F.
The total cost equation reaches its least value with respect to T, we have
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- /i
= 8(F)

The minimum value for the total cost by substituting T* in the cost equation is

Y(F) = 2yK;6(F) + ¢(F)

The optimal T* depends upon F. An algebraic method is used to get the optimal values of F. The

optimal value of F is given as

_ K ,T—K;
T 2KsT

*

By putting the values of K3, K, and K5 in the above equation, we have

. T — (Cs + B(1 + m)(Cp) — C,(1 —v))

_ 7 , ,
[2 (Hm)(Hf:HS BD 4 a-p2@+H)+ % + (Hy +H, )8 + HV] T

Substituting the optimal value of Fin T*

T* = Ky
~ |K, — K F 4+ KcF2

K
T = L

K,T-K K, T-K3\2
Kz = Ka( ;K5T3) +Ks ( ;K5T3)

By putting the values ofK;, K,K3, K, and K5 in the above equation, the optimal T* finally becomes

(o + (1 +m)(S,) + (2a + Zb%) + B, + PC)

(1+m)(H;+HS')BZD + (1—3)22(H+H’) + BD(I;I(H—I') + (Hr+:1r')32 + %]

= 2(Cs + B(L +m)(Cim) — C,(1 = ))?

il &)
G+

((1+m)(HS+HS')BZD2 + (1-B)2(H+H)D + B(H+H)D2 + (Hy+H,)B*D + @)

T*

R 2 X 2 2
(my)2D

\ 4

Case 2: Total profit (TP,) ifM; < T < M,
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TP(F,T) = PD(F +y(1—F))

— R)2F2 2
_ (% +C,D(F+v(1—F)) + CFD+ (H+H) [(1 B; F1D + BT()F(D) ]

+ (Hy + H) [(BF)ZTD] - ?ZVTD

+ Cm + (Hs + Hg )( TD>]+1(1—v)(1—F)D

P. (DM;)? (TD — DM1)2>

B,
=+ =4PI —
T T ¢ 2TD uicl 2TD

+ BFD(1 + m) [BFTD

1 d

The profit function for case 2 in the above equation, found by adding +1 and -1 in order quantity is

given as

TP(F,T) =PD(1 - (1 -F)(1 - v))

— 2
<O +C,D(1 -1 -F)(1-v))+Cs FD+(H+H)[(1 i TD+BT(§D)]

F)?TD 1—F)2yTD
+ (H; +H)[(B) ]+n( Z)V
+[3FD(1+m)[ - +(H +H')(@)]+1(1— )(1 — F)D

BFTD sTHsJ\TR v

1 dy B, P (DM, )? (TD — DM, )?
+ (U+G)WFD+T(23+2b;) +?+$+P16W_Cu ClT
The optimum value of F* and T* are
. T — (Cs + B(1 + m)(Cim) — C,(1 = v))
ZBD(H+H)

- [2 (1+m)(Hg+Hs )B?D

A +(1—B)2(H+H) +

+ (Hr + Hr')[?:2 + Ttv] T

2 2
(O + (1 +m)(S,) + (za +2b %) +B.+P. + CulclzDMl _ PIEDZMl )
(1+m)(Hs+Hy )B*D N (1-B)2(H+H) n BD(H+H) + (Hp+H,)B? N ﬂ]
R 2 X > >
D
_Z(Cs +B(1+ m)(clm) - C,(1— v))z

v Culcl)
G+

((1+m)(HS+HS')BZD2 + (1-B)2(H+H)D + B(H+H)D2 + (Hy+H, )B*D + @)
R 2 X 2 2
(my)?D

\ T,

Case 3: Total Profit (TP;) if T > M,
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TP(F,T) = PD(F +y(1 —F))

— B)2F2 2
_ (% +CyD(F+v(1—F)) + CFD+ (H+H) [(1 B; b, BT()F(D)

+ (Hy + H,) [(BF);TD] - ?ZVTD

S,  (BFTD
+ BFD(1 + m) [ﬁ + Cym + (Hs + Hy ) (BT)] +1(1 —y)(1 = F)D

+@U+G) FD+1(2 +2bd>+BC+PC+PI (DM,)? (TD — DM,)?
4 i T a \Y T T e 2TD ulc2 >TD
D D(M, — M, )2

The profit function for case 3 in the above equation, found by adding +1 and -1 in order quantity is

given as

TP(F,T) =PD(1 - (1 -F)(1 - v))

— R)2E2 2
_ <% +CD(1-(1-F(1—-y)+CFD+(H+H) [(1 B; FTD + BT(FD)

X

+ (H, +H;)

[(BF)ZTD] o (1 —F)?yTD
2 2

S, ~ (BFTD
+ BFD(1 + m) [ﬁ + Cm + (Hs + Hg ) (BT)] +11-y)(1 -F)D

+ (u+G)wFD+%(2a+2b%) +%+%+p]e%_ . Czw
a CuIﬂ%(MZT —Mp? = M T+ M;M,) — Cyleg D(MZZ—'_FM1)2>
The optimum value of F* and T* are
* yT — (Cs + B(1 + m)(Cy) — C,(1 =)

B 2BD(H+H')
X

[2 (1+m)(Hs+Hs )B*D

- +(1-p)2H+H)+

+ (Hr + Hr')[.%2 + nv] T
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2 2
0+ (1+m)(S,) + (2a +2b %) +B.+P.+ C“ICZZDMZ — PI"DZMl
~CylyDM2 + Cyley DM, M, + SulerPCleMo
[(1+m)(HS+HS')BZD + (1-B)2(H+H) + BD(H+H') + (H,+H, )B? + H]
R 2 X 2 2
D
T = 3 (Cs + B(1 + m)(Cyp) — C,(1 —v))?
- (H + CuICZ)
2 2
((1+m)(HS+HS')32D2 (1-B)2(H+H)D |, B(H+H)D2  (H+H,)B*D nvD)
+ + + 2=
R 2 X 2 2
(v)?D
\ "
4. Numerical Example
Consider the following data to illustrate the proposed model.
D 50000 units/year Cim 5 S/unit
X 175200 units/year 1 0.5 $/unit/year
Cs 0.5 S/unit G 15 S/unit
R 50000 units/year w 0.02%
B 0.04% u 3 S/unit
0 100 $/order T 20 S/unit/year
S, 100 $/setup P 50 $/unit
H 4 S/unit/year v 97%
H 1 $/unit/year m 20%
H. 5 S/unit/year M; 12 days
H, 1 $/unit/year M, 35 days
Hg 3 S/unit/year Ie 12%
Hg 1 S/unit/year ler 12%
Cu  25$/unit L, 15%
a 5 S/unit
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b 0.5 S/unit B, 30 $/unit
d 250 km P, 80 S/unit
v 180 km/h

Optimum values for different cases are given below:

Scenario T (Year) F (%) Q (units) TP ($)
Case 1 0.0329 1.1223 1650 1,130,419
Case 2 0.0336 1.1155 1685 1,137,012
Case 3 0.0584 0.9794 2920 1,101,067

5. Conclusion:

In this paper, the integration of backordering, green patent, green logistics and multi-delay- in-
payment, the green inventory model was studied with synergic effects of reworking of imperfect
items for environmental impact. In addition, the cost of carbon emission is also included in the
model to expand on the environmental impact in the benefit feature. The multi-delay-in-payment
acts as a source of interim financial investment and can be used to boost sales. The optimal solution
according to different scenarios of the cycle time and a fraction of time with permissible delay-in-
payment is derived. Finally, a numerical example demonstrated the proposed green inventory

model.
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