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1. Introduction

Due to the

leading and
ttention i Supply Chain
s also a new concept in operations management.
operations management is inventory management
3, 4]. Previous researches interested in discussing Economic Order Quantity
(BOQ) (5] and Economic Production Quantity (EPQ) [6. 7) as essential areas of operations
‘management for more than a century. As the inspiration for the inventory problem, Harris
5] offers the optimal lot size determined by the trade-off between holding and order costs.
The order lot size directly impacts the economic and environmental performance of the
production system [8]. Therefore, the growing concern about environmental issues
emphasizes the importance of treating inventory management decisions with care [9, 10]
Many researchers h cised to model the problem of sustainable lot size for
various supply chain chann 3. In a defective manufacturing system with auction
and reworking, Nobil and Tale [14] formulated a single-machine multi-item EPQ
problem. Jana, et al. [15] used a geometric programming technique to solve a fuzzy multi-
item EPQ model that took into account the shortcomings and reliability of the process.
Mishra, et al. [16] investigated the issue of EPQ under tax regulations and carbon caps,
taking into account controllable carbon emissions and supply shortages. Rossi, et al. [17)
proposed a new method for modeling a single machine multi-product EOQ problem with
capacity ints in a particular i 3 ion system. Rabta [18] proposed an
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ABSTRACT

Industrial developments and environmental problems encourage
decision-makers to determine optimal decisions. In addition,
transportation is an aspect that has a significant contribution to
environmental damage. Therefore, inventory and transportation
decisions need to be integrated to minimize environmental

problems. This study made an effort to develop a model of
Sustainable EOQ with Multi Container Transportation Problems.
Keywords The optimal procedure was proposed to determine the optimal
:3:?;1:3;1';':{ number of containers in one vehicle. The results suggested that
\ the proposed procedure could minimize the total annual inventory

Multi Container N
Transportation cost compared to the company's current solution.

This is an open-access article under the CC-BY-SA license.

1. Introduction

Due to the importance of sustainable development, leading researchers and
organizations are increasingly paying attention to Sustainable Supply Chain Management
(SSCM) as a new paradigm |1, 2]. SSCM is also a new concept in operations management.
One of the exciting topics in SSCM and operations management is inventory management
[3, 4]. Previous researchers have been interested in discussing Economic Order Quantity
(EOQ) [5] and Economic Production Quantity (EPQ) [6, 7] as essential areas of operations
management for more than a century. As the inspiration for the inventory problem, Harris
[5] offers the optimal lot size determined by the trade-off between holding and order costs.
The order lot size directly impacts the economic and environmental performance of the
production system [8]. Therefore, the growing concern about environmental issues
emphasizes the importance of treating inventory management decisions with care [9, 10].

Many researchers have exercised to model the problem of sustainable lot size for
various supply chain channels [11-13]. In a defective manufacturing system with auction
and reworking, Nobil and Taleizadeh [14] formulated a single-machine multi-item EPQ
problem. Jana, et al. [15] used a geometric programming technique to solve a fuzzy multi-
item EPQ model that took into account the shortcomings and reliability of the process.
Mishra, et al. [16] investigated the issue of EPQ under tax regulations and carbon caps,
taking into account controllable carbon emissions and supply shortages. Rossi, et al. [17]
proposed a new method for modeling a single machine multi-product EOQ problem with
capacity constraints in a particular inventory/production system. Rabta [18] proposed an
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EOQ model that considered the linear or nonlinear relationship between product demand,
price, and cost. Hasan, et al. [19] also developed a new model for co-investment technology
and determining inventory levels using a cap and trade approach and a carbon tax, taking
carbon emissions into account. Mishra, et al. [20] proposed a sustainable inventory model
that resembled inventory reductions and reordering, as well as price-dependent demand
and control carbon emissions.

In addition, the problem of transportation becomes a problem under inventory
management. Several inventory models have involved transportation costs proposed by
Swenseth and Godfrey [21]. Ertogral, et al. [22] developed a transportation cost model
determined hy the mode of transportation used and the size of the shipment. Furthermore,
the use of various vehicles was considered in the study of Zhao, et al. [23]. In the study of
sustainalfl EOQ with transportation, several studies have been published. Lee, et al. [24]
offered a sustainable EOQ model under lead-time uncertainty and multi-modal transport.
A model considering partial back-ordering and involving transportation emission cost
reduction was proposed by Lin [25]. Bouchery, et al. [26] suggested a multi-objective model
of sustainable transportation and order quantity. The model involving Transportation,
Warehouse, Emission Carbon Costs, and Capacity Limits was proposed by Utama, et al.
[27].

Based on this description, the sustainable EOQ model involving transportation
problems is still inadequate. This study tried to develop a sustainable EOQ model with
Multi Container Transportation Problems. This research model was developed from
research conducted by Utama, et al. [27]. In the previous model, they did not consider the
number of containers transported. Therefore, this study was intended to develop a
sustainable EOQ model by considering the container being transported. The proposed
research model was based on case studies in companies in Indonesia. This research
contributes to the development of knowledge in inventory by proposing a sustainable EOQ
model that considers the multi-container problem. In addition, this research provides
solutions for companies to inventory decisions.

2. Methods
2.1 Assumption and Notations

The assumptions used in the sustainablEOQ model are (1) demand, and product
prices are deterministic, and (2) costs are fixed. The notations used in the sustainable EOQ
model are as follows:

D : annual request [units/year]

: purchase cost [IDR/unit]

: disability cost [IDR /unit]

: space occupied by a product unit [m3/ton|

: unit weight stored in a warehouse [ton/ unit]

: order cost [IDR forder]

: holding cost [IDR funit]

: average carbon emission in a warehouse [IDR /m?]

: percent average annual disability [%]

: average cost of carbon emissions for storage and disability [IDR /ton]
: transportation trip distance to vendor [km]

: number of containers that can be transported in 1 vehicle [units]
: container capacity that can be transported [units]

“ I RO 0 Q T g

Please cite this article as: Mubin, A, Syahril, F. ., & Rosiani, T. Y.BJQI). Sustainable EOQ Model with Multi Container
Transportation Problems. Jurnal Teknik Industri, 22(2), 236-244. https://doi.org/10.22219JTIUMM. Vol 22.No2.236-244




ISSN : 1978-1431 print | 2527-4112 online Jurnal Teknik Industri @

238 Vol. 22, No. 2, August 2021, pp. 236-244
N
k : range of order quantity Qs between the two discontinuity points DPk and
DPk +1

DPk  :the point of discontinuity for the range k, defined as ¥ n*y
: fixed internal cost of transportation [IDR /km]

: internal cost variable in transporter [IDR/km m?]

: fixed external cost in transporter [IDR/km]

: external cost variable in transporter [IDR/km m®]

s R~

2.2 EOQ Sustainable Mathematical Model

This section discusses the mathematical model in the proposed sustainable EOQ
model. The total cost of the research inventory implemented the five (5) cost components:
total annual purchase costs, annual order costs, annual inventory costs, obsolescence
costs, and transportation costs. The total annual cost is formulated in Equation (1).

Cs =u.D + Co(Q) + Ch(Q) + Cobs(Q) + Ct(Q) (1)

The purchase cost was based on the total demand (D) multiplied by the product
price per unit (1). For annual order costs, this cost component was modeled in Equation
(2). Furthermore, the annual inventory cost was modeled in Equation (3). The annual
inventory cost model considered the holding costs, average carbon emissions in
warehouses, and space occupied by a product unit.

Co(@) =25° @)

ch(@ =2.neb (3)
Inventories in the warehouse had obsolescence risk at the end of the year, wch
was measured by an annual obsolescence risk level of . The obsolescence product was sold
by the buyer to a particular waste treatment company for disposal for ¢. This problem was
modeled in Equation (4).

Cobs(Q) =2.1.((u—t).a.j) (4)

In addition, this study also proposed transportation costs based on the number of
containers transported by vehicles. The total annual transportation costs considered
internal and external transportation costs, distance, and space for each product. This
transportation design was modeled in Equation (5).

Ct

_ [G+x0). d. n+(v-5w)b. d. DPK](D) ®)

Based on the cost components described above, the annual total inventory cost of
the sustainable EOQ model was presented in Equation (6).

[(i+x).dn + (v +w) bd. DPK](D)
Q

Do

Q

Cs=uD+o+3 heb+2.0(u=-1t).aj)+ (6)

To produce the optimal quantity @ on DPk, the annual total inventory cost shown
in Equation (6) was the first differential to Q. Then, the optimal Q value calculated for
each DPk was presented in Equation (7).
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_ V2vDyVDPkb.dv+DPkbdw+dintdnx+o

Q= (7

Jajl+heb=lt+lu

2.3 Problem Solving Steps

In this section, the optimum total inventory cost was calculated using the
procedure developed by Zhao, et al. [23]. Details of the optimization steps are organized
as follows:

kv _ VZVDVDPK.bdv+DPkb.dwrdintdnx+o
Qr = Jajltheb—Lt+lu

(8

Step 1: Determine the k — th ranges that are feasible for each value of & with
Equation (8).

Step 2:  In each k range, the optimal Q‘k* can be calculated as:
Q% =Q"* when DPk < Q.k* < DPk+1or

Q" =DPk when Cs(DPk) < Cs(DPk +1) or

Q" =DPk+1 when Cs(DPk)> Cs(DPk +1).

Step 3: The minimum total cost Cs (EOQ) is defined as the minimum between the
local total minimum cost values Cs (Q**) as Cs (E0Q) = min Cs (Q**) for all k ranges. EOQ =
0" which satisfies the Equation of Cs (EOQ) = min Cs (Q**).

2.4 Research Data

The data of this research were based on case studies on companies in Indonesia.
The research data are presented in Table 1. In this problem, the k range (transported
container) was set from 1 to 8. The company used one vehicle for transportation. For each
transportation activity, the company decided to transport eight containers with a total
quantity of 8000.

Table 1. Research Data
Variable Value
40,260 Unit
Rp. 240,000
Rp. 55,000
0.0756 m?3
0.05/ Unit
Rp. 1,250,000
Rp. 3,000
Rp.15,000
8%
Rp. 30,000
121 Km
1 ton Per container
8 ton
Rp. 145,000
Rp. 54,000

ER‘!S:SQ."""“UB'QQU'”ﬁD

This study also analyzed sensitivity to several variables such as fixed external cost,
external cost variable, and distance. The effect of these variables was tested for their effect
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on the total cost of inventory. All research data processing was carried out with the help
of Maple 17 software.

3. Results and Discussion
3.1 Model Optimization

The optimization results based on the proposed optimization procedure are shown
in Table 1. The results indicated that the optimal total inventory cost for each n, DPk,
DPk + 1 was to use six containers. The resulting optimal total cost was DPk 4+ 1 with a
total inventory cost of IDR 298,506,517. Furthermore, the result was more optimal than
the current firm's quantity decisions. As a result, the company's current total annual
inventory cost was IDR 303,385,166. The total annual inventory cost comparison between
the company's proposals and decisions is shown in Fig. 1.

Table 2. Optimization results based on the proposed optimization procedure

n DPk DPk +1 @ DPk <Q*  Cs(Q* Cs(DPk) (Rp) Cs(DPk + 1)
< DPk+1 (Rp)

11 1000 47.584 FALSE - 20,653,597,410 310,222,237
2 1001 2000 66.144 FALSE - 501,626,292 303,002,265
3 2001 3000 80.534 FALSE - 398,755,823 300,659,121
4 3001 4000 92.719 FALSE - 364,506,306 299,535,184
5 4001 5000 103.480 FALSE - 347,424,891 298,898,930
6 5001 6000 113.220 FALSE - 337,212,776 298,506,517
7 6001 7000 123.690 FALSE - 337,498,323 303,298,883
8 7001 8000 132.230 FALSE - 332,684,793 303,385,166

Rp304,000,000
Rp303,000,000
Rp302,000,000
Rp301,000,000
Rp300,000,000
Rp299,000,000
Rp298,000,000
Rp297,000,000

Rp296,000,000

M total annual inventory cost existing M total annual inventory cost based on proposed method

Fig. 1. Comparison of total annual inventory cost

3.2 Sensitivity Analysis

The effect of changes in fixed external costs (x) on total annual inventory costs (Cs)
is presented in Fig. 2. Eleven (11) experiments were conducted from the fixed external cost
range of IDR 120,000 to IDR 170,000. Based on the experiment, research results suggested
that the higher the fixed external cost (x), the higher the total annual inventory cost (Cs).
On the other hand, the lower the fixed external cost (x), the lower the total annual
inventory cost (Cs).
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Rp299,000,000
Rp298,200,000
Rp298,800,000
Rp298,700,000
Rp298,600,000
Rp298,500,000

Cs

Rp298,400,000
Rp298,300,000
Rp298,200,000
Rp298,100,000

Rp298,000,000
Rp120,000Rp125,000Rp130,000Rp135,000Rp 140,000Rp145,000Rp1 50,000Rp155,000Rp160,000Rp165,000Rp170,000

fixed external

Fig. 2. Effect of changes in fixed external costs (x) on total annual inventory costs (Cs)

The effect of changes in external variable costs (w) on total annual inventory costs
(Cs) is presented in FiFig. 3. Eleven (11) experiments were administered from the fixed
external cost range of IDR 29,000 to IDR 79,000. Based on the experiment, the results
projected that the higher the external variable cost (w), the higher the total annual
inventory cost (Cs). On the other hand, the lower the external variable cost (w), the lower
the total annual inventory cost (Cs).

Rp385,000,000
Rp365,000,000
Rp345,000,000
Rp325,000,000

Rp305,000,000

Cs

Rp285,000,000
Rp265,000,000
Rp245,000,000
Rp225,000,000

Rp205,000,000
Rp29,000 Rp34,000 Rp39,000 Rp44,000 Rpd9,000 Rp54,000 RpSS,000 Rp64,000 Rp69,000 Rp74,000 Rp79,000
variabel external cost

Fig. 3. Effect of changes in external variable costs on total annual inventory costs (Cs)
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Rp390,000,000
Rp370,000,000
Rp350,000,000
Rp330,000,000

Rp310,000,000

Cs

Rp290,000,000
Rp270,000,000
Rp250,000,000
Rp230,000,000
Rp210,000,000

71 81 91 101 111 121 131 141 151 161 171

Distance (km)

Fig. 4. Effect of distance on total annual inventory cost (Cs)

The effect of distance on the total annual inventory cost (Cs) is presented in Fig. 4.
From the Figure, it was stated that vehicle distance affected transportation costs and total
annual inventory costs. The smaller the distance, it was directly proportional to the
transportation costs and total inventory costs.

4. Conclusion

This study made an effort to develop a sustainable EOQ model by considering Muli
Container Transportation Problems. A solution optimization procedure was presented to
minimize the total annual inventory cost. The results showed that the proposed procedure
was able to minimize the total annual inventory cost. In addition, a sensitivity analysis
was also presented. This study has limitations, including assuming unlimited warehouse
capacity. Further research needs to consider warehouse capacity in solving sustainable

EOQ problems.
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