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Abstract

Research to identify optimal suppliers in the CPO industry is becoming increasingly important as
technology changes and market globalization. This study proposes a mathematical model for the prob-
lem of selecting suppliers for the CPO industry by considerigthe green factor. Stochastic parameters
are also considered to deal with uncertain parameters in green supply chain networks. The objec-
tive of this model is to select suppliers taking into account the total costs and total greenhouse gas
emissions. Uncertainty in the input is handled by stochastic programming, and the multi-objective
model is solved as a single-objective model by the LP-metric method. This paper aims to present a
more comprehensive model based on real-world conditions for the supplier selection problem of green
supply chain in the CPO industries under uncertainty. Besides economic issues, environmental issues
are also considered from several aspects such as selecting environmentally friendly suppliers and
purchasing from them and considering the environmental impact of the finished product. The results
shows that increasing one of the indicators such as the number of products and market demand leads
to an increase in the value of the total objective function, which is caused by an increase in problem
size. On the other hand, the cost function increases when the majority of supplier selection is envi-
ronmentally friendly suppliers. Meanwhile, the function of the objective level of greenhouse gas emis-
sions increases when the selection of suppliers is the majority of suppliers with high greenhouse gas
emissions, but the objective function of costs decreases.
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1. Introduction

The Indonesian CPO industry has grown significantly in the last forty years. In 2018, the world pro-
duced 72 million tonnes of CPO and Indonesia contributed 57% of that amount (41 million tonnes) [1].
The CPO industry has two major challenges originating from the international market, namely envi-
ronmental issues and market acceptance. Environmental issues have become one of the most import-
ant social-commercial issues today. This indicates the need for Green supply chain management
(GSCM) to be implemented at various echelons of the CPO industry supply chain. GSCM is directly
related to improving economic pgflormance [2], competitiveness and environmental conditions [3].
Various advantages and benefits of green supply chain management in improving supply chain envi-
ronmental performance include creating value for customers, saving energy resources, eliminating or
reducing waste, reducing emissions, and ultimately increasing productivity for the company.

Supplier selection is one of the most important components of the supply chain. Selection of suppli-
ersin the supply chain is a strategic decision that is verv important for the success of the organization;
therefore, it has attracted the attention of many academic and non-academic researchers [4]. Supplier
selection is the process of identifying the most appropriate supplier capable of supplying the required
products and services at a reasonable price and in the right quantity and time [5]. Selection of the
right supplier requires robust models and analytical tools for decision support systems to enable them
to balance multiple objectives and subjective criteria at the same time [6]. Cavinato and Kauffman [7]
state that supplier selection issues have a dominating effect on supply chains and procurement pro-
cesses; in other words, choosing the right supplier is the key to the procurement process.

Considfring environmental factors in purchases results in increased net income and decreased
costs [8]. Selection of the right supplier reduces the operational costs of the organization and improves
the quality of their products in the futflle; on the other hand, selecting the wWfing supplier causes
financial and operational problems [9]. This paper aims to present a model for the supplier selection
CPO industry problem in the context of GSCM by considering environmental issues from various
aspects such as selecting green suppliers and purchasing from them, as well as incorporating the
intrinsic uncertainty of the model parameters by using discrete supplier scenarios and stochastic
programming,

2. Literature Review

Supplier selection in the CPO industry is a crucial issue that plays a key role in the supply chain.
To create a competitive advantage, CPO factories must pay sufficient attention to supplier selection.
The main methods used to solve supplier selection problems are classified into three categories such
as mathematical models, data envelopment analysis (DEA) methods, and multiple decision making
methods. Memon et al. [10] stated that the supplier selection problem involves random uncertainties
and used a combination of gray theory and uncertainty theory to solve it. Their research aims to
reduce the rifEpft buying from suppliers.

Hajikhani et al. [11] presented a multi-objective fuzzy model for selecting and allocating orders to
suppliers under uncertain conditions, considering multi-period, multi-source and multi-product cases
with bi-level prices and supply chains. They provided farm case studies to demonstrate the applicabil-
ity of their model and solved it with the non-dominance sequencing genetic algorithm (NSGA-II) and
the MOPSO algorithm. Mohammaditabar et al. [12] investigated the evaluation of selected suppliers
and prices in a decentralized supply chain and the selection of suppliers in a way that would benefit
the entire supply chain and used cooperative and non-cooperative game theory methods to assess
selected suppliers and total supply chain costs in two scenarios. In the first scenario, the suppliers
work independently, while in the second scenario, the suppliers cooperate with each other.

The second type of fuzzy interval data has been used by Heidarzadeh et al. [13] to show the pref-
erences of decision makers and present a new formula to calculate the distance between fuzzy and
second interval data. Then, they propose a hierarchical clustering method to solve the supplier
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selection problem. Amorim et al. [14] provide an integrated framework to reduce the supplier selec-
tion process in the food industry under uncertain conditions. They developed a two-stage mixed inte-
ger random programming model for supplier selection in the food industry that maximizes profits
and minimizes the risk of losing customers. In their model, corruption of raw materials and finished
products, uncertainty, and long-term demands have been considered. They apply Bender's method to
solve this problem.

Erginel and Gecer [15] discussed calibration of measurement devices as one of the requirements
of the ISO 9001 standard for quality through the development of multi-purpose fuzzy models to pro-
vide quality at acceptable prices at suppliers of calibration services other than raw materials. and
product suppliers. Sodenkamp et al. [16] developed a meta-approach to support cooperative multiob-
jective supplier selection and order allocation decisions by combining multicriteria decision analysis
and linear programming. They propose maximizing the total value of purchases by optimizing the
assignment of order quantities to suppliers considering the synergies they face across multiple time
horizons. Jains et al. [17] discussed an eco-friendly and carbon market sensitive decision-making
approach based on the DEA method and assessed the applicability of their model using a well-known
auto parts manufacturer in India. Yousefi et al. [18] used the DEA method for supplier selection. They
recognized that although the DEA method determined patterns for inefficient units, they were unable
to differentiate between efficient units. To this end, they propose ideal dynamic units using dynamic
DEA and scenario-based models and measure their effectiveness with case studies.

Pandey et al. [19] developed a frameworl@br this issue by evaluating suppliers based on quan-
titative and qualitative data. They propose a §E)-phase fuzzy objective programming method that
incorporat@ihyperbolic membership functidils to solve the supplier selection problem under uncer-
tainty. Lo et.al (2018) [20] proposed a new model that integrates the best-worst method (BWM), a
modified fuzzy technique for order preference with similarity to an ideal solution (TOPSIS), and fuzzy
multi-objective linear programming (FMOLP) to solving problems in green supplier selection and
order allocation. Javad et al. [21] identified the company's alternative suppliers and the most effective
supplier selection criteria based on the supplier's green innovation capability were determined. The
Best-Worst method is used to rank various criteria for selecting green suppliers in a multi-criteria
decision-making problem. Then, Fuzzy TOPSIS is used to rank various suppliers based on weighted
criteria to select the most effective s@ffplier among a set of alternative suppliers.

These various studies investigate the problem of supplier selection with different approaches. This
papEfjaims to present a model based on real-world conditions for the problem of selecting CPO suppli-
ers in a green supply chain under uncertainty.

3. Research Methodology
2

This study develops a multi-objective mathematical model for the problem of selecting CPO mill
suppliers in the context of the GSCN. Consists of two objective functions, minimize economic costs;
and minimize greenhouse gas emissions. Stochastic programming is used to deal with the demands
attached to the input parameters, scenarios are considered for each parameter and to solve the pro-
posed multi-objective mathematical model as a single objective model with the LP-metric method.
Then, numerical examples are given to demonstrate the effectiveness model.

%T Problem description and mathematical model
33

In this study, the problem of supplier selection (CPO manufactories) is considered where the Special
Economic Zone (SEZ) which processes CPO into finished products sends its product{Ep the demand
market after buying CPO from suppliers and producing finished products from CPO. The objective of
this study to minimize total costs and reduce environmental impact by selecting and purchasing from
environmentally friendly suppliers. The proposed supply chain network is shown in Figure 1.
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Demand
Market

]

Suppliers

CPO Special Economic Zone (SEZ)
Figure 1: CPO Industry Supply Chain Network.

3.1.1 Assumptions

e Facility locations such as suppliers and SEZ are determined at the beginning;
e The capacity of each facility is known at the beginning;
e The proposed model is considered as a single-product;

3.1.2 Sets

i @ Suppliers;
j + SEZ which process CPO into finished products.

3.1.3 Parameters

Production cost per unit of finished products at SEZ j under Scenario s;

a, : Purchase cost per metric ton (MT) of CPO from Supplier i under Scenario s;

I, : Transportation cost per MT of CPO between Supplier i and SEZ j under Scenario s;

k, : Transportation cost of finished product between SEZ j and Demand Market under
Scenario s;

d.. : Disassembly cost per MT of CPO at SEZ j under Scenario s;

h : Maintenance cost unit of finished products under Scenario s;

n : Percentage of Volume of CPO needed to make 1 MT of finished product;
b : Cost of delay in supplying per MT of CPO under Scenario s;

t : Fees charged per 1 metric ton by the system in the case of purchasing from green suppli-
ers under Scenario s;

The maximum acceptable level of greenhouse gas emissions by Supplier i under Scenario s
according to envimnmentaadicatnrs;

g. : Percentage of total volume of raw materials purchased from Supplier i that are supplied
with delays under Scenario s;

e.. : Greenhouse gas emissions in Supplier i under Scenario s;

I : Greenhouse gas emissions per 1 metric ton CPO purchasing from Supplier i under
Scenario s;

D, : The amount of Market Demand for finished products at SEZ j in Scenario s;

cap, : Raw material volume capacity at Supplier i (in metric ton);

D. : Probability of Scenario s.
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3.1.4 Variables
: Amount of CPO sent by Supplier i to SEZ j under Scenario s;

Vi Amount of finished product unit sent by SEZ j to the demand market under Scenario s;
1 if Supplier i is selected by SEZ j to purchase, 0 otherwise;

w, : 1iftotal greenhouse gas emissions from Supplier i still acceptable level, 0 otherwise.

3.1.5 Mathematical model
Minf = ZZZ}JS(;CQ—S(GES +b.g, +1;, +d +(Ewz)) + ZZ}JS (h;(v;, = D)+ y;,(c;, + k) )
ij s ios

Minfy =3 > Puwe, + 3.3 > Pxyfz; (2
s ioj s
St

>nl, Vs

js =
i

Zj“zij < Z‘xi}s Vi,s (4)

3)

in-js < anpizij Vi,s (5)
j i
W€, < U, Yi,s (6)
X, Vs 20 .
Z;,W; € 10,1} @

The objective function (1) minimizes the cost of purchasing raw materials, transportation costs, pro-
duction costs, disassembly costs, maintenance costs, penalty costs for delays and costs for selecting
environmentally friendly suppliers (disregarding distance, contract costs, etc.). The objective function
(2) is to reduce supplier greenhouse gas emissions using the max-min method. Constraint (3) states
that the product produced is greater than the market demand. Constraint (4) states that if supplier i
is selected, there must be a flow of raw materials from supplier i to the factory. Constraint (5) limits
supplier capacity. Constraint (6) indicates whether the supplier is environmentally friendly or not.
Constraint (7) describes the types of variables.

3.2 Solution approach

Many approaches have been presented in the literature to solve multi-objective model optimization.
They can be classified into five main categories, including scalar methods, interactive methods, fuzzy
methods, metaheuristic methods and decision aid methods [22]. In this paper, the multi-objective
optimization method was chosen because: (1) Based on the judgment of experts, all objective functions
are equally important, and (2) objective functions have different sizes. The objective function in this
study was not homogeneous and did not have the same size, therefore the LP-metric method was used
[23]. If we take ¢, dan ¢, as minimization objective functions, we have:

MIN @, = 2@"™ + A@}”™ ®)
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In this method, the normalized values ¢, dan g, are the objective minimization functions obtained
from the equation:

qinorm - i LI (9)
2

4. Numerical Experimentation

To check B accuracy and efficiency of the proposed model, a test problem is generated for numerical
analysis. In the pifgparation stage of the supply chain, it is assumed that there are two SEZs (j, and
Jo), ten suppliers (i, , iy, iy, &y, &, Ig, by, Iy, Iy, and I;,), and one market demand. The uncertainty in the
input parameters is considered for two scenarios (scenario-1, scenario-2) with probabilities of 0,4 and
0,6. Percentage volume of CPO needed to make 1 MT of finished product considered n = 1,46. This
value indicates that to make 1MT of finished product, 1.46 MT of CPO is required. The pairwise trans-
portation cost from each supplier to SEZs ([;,) are given in Table 1. These parameters [ are given
with uniform distribution between (15, 30). Production cost (), disassembly costs (djs), maintenance
costs (h;,), and the amount of market demand for finished products (D) are given in Table 2. These
parameter c;, are given with uniform distribution between (250,350), d}.s and h;s between (2,8).

The volume capacity of CPO at each supplier in metric ton (cap;) are given in Table 3. These param-
eters cap, are given with uniform Distribution between (300, 1500). Purchase cost CPO per a metric
ton (in million rupiah) from each supplier (a,,), the maximum acceptable level of greenhouse gas emis-
sions (u,,), percentages of total raw materials purchased from each supplier that are supplied with
delays (g,,), greenhouse gas emissions level from each supplier (e, ) and greenhouse gas emissions per

Tabel 1: Transportastion cost, production cost, disassembly costs,
maintenance costs per metric ton (in ten thousand rupiah), and the
amount of marlat demand for finished products (metric ton).

hooh b W B g h kg By

Scenario-1 j, 24 17 31 28 18 20 15 21 20 22
b 22 18 21 21 20 19 29 19 23 16

Scenario-2 j, 25 24 26 21 21 27 17 27 25 22
j, 23 22 15 27 17 21 28 16 29 27

Tabel 2: Disassembly costs, maintenance costs per metric ton (in ten
thousand rupiah), and the amount of market demand for finished
products (metric ton).

¢ k;, d;, h;, D,
Scenario-1 a 282 13 5 2 2500
J 326 11 6 3 1000
Scenario-2 i 304 14 5 1200
J 315 18 4 2000

Tatd 3: Volume capacity of CPO at Supplier i (in metric ton).
bk b L . . by kg
cap, 610 1440 1220 570 950 620 380 1080 870 890
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1 metric ton CPO purchasing (f,,) are given in Table 4. These parameters g, are given with uniform
distribution between (500, 700), u,, between (100,200), g, between (0.2,0.8), e, between (100,400),
and £, between (0.2,0.8). Cost of delay in supplying of CPO per metric ton (b,), fees charged by the
system in the case of purchasing from green suppliers (¢,) are given in Table 5. These parameters b,
ar@iven with uniform distribution between (20, 30), and ¢_ between (400,500).

Numerical experiments were canffl out on a computer with Intel(R) Core(TM) i5-3427U CPU @
1.80GHz 2.30 GHz with 8 GB RAM. The mathematical model proposed in this paper is solving using
solver. Numerical experimental results shown decision result for the number of suppliers in green
supply chain network under both scenarios presented in Table 6.

Tabel 4: Purchase cost (in ten thousand rupiah), the maximum acceptable level of greenhouse gas
emissions, percentage of raw materials purchased that are supplied with delays, and greenhouse
gas emissions from suppliers.

W b b b bk & & i iy
1 583 502 563 548 595 539 610 500 617 534
1 168 197 189 180 154 159 175 191 195 151
£ 0,46 0,42 0,24 0,55 0,24 0,46 0,59 0,34 0,51 0,48
e, 151 377 253 116 288 129 261 160 295 327
f; 0,8 0.8 0,3 0,5 0,2 0,8 0,2 0,4 0,5 0,3
Scenario-2 ;g 507 636 575 621 594 569 628 532 538 544
" 185 165 100 108 196 121 173 151 180 185
g 0,57 0,38 0,42 0,38 0,34 0,56 0,54 0,26 0,32 0,37
€ 382 117 187 138 132 213 374 326 270 148

fia 0,5 0,7 0.4 0.2 0,7 0.8 0,7 0,3 0,4 0,4

Scenario-1 a

Tabel 5: Cost of delay per metric
ton of CPO and fees charged of
purchasing from green suppli-

ers (in ten thousand rupiah).

bs ts
Scenario-1 20 500
Scenario-2 30 400

Tabel 6: Decision result for the number of suppliers in green supply chain network under both

Scenarios.
Environmental  Selected Supplier Objective Functions
Demand Friendly
Scenarios SEZs  Market Supplier No.  Supliersi Obj-1 (in million) Obj-2
Scenario-1 i 2000 1,4,6,8 4 2, 5,8,10 45.103 3.239
i, 1000 2 3,1
Scenario-2 i 1200 2,5,10 2 5,10 52.329 1.619

Js 2000 3 1.2,3
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The results shown in Table.1 explain the decision in the first scenario shows that among the 4 sup-
pliers that are environmentally friendly (suppliers 1, 4, 6, 8), only 2 suppliers are selected, supplier
iy which supplies SEZ, and supplier §; which supplies SEZ,. It can be seen that the cost can be mini-
mized to IDR 45,103,840,000; with a much higher greenhouse gas emissions level than in the second
scenario. In the second scenario, the number of demand market CPO is 2200 MT that must be fulfilled
is less than in the first scenario 3000 MT, but the costs incurred are greater than in the first scenario
of IDR 52,329,804,000. This happens because in the second scenario, decisions are taken between 3
environmentally friendly suppliers (suppliers 2, 5, 10), there are two suppliers selected, namely sup-
pliers which are i, and i, which supply SEZ, and SEZ, and supplier i, which supplies SEZ,, so this
minimizes the level of gas emissions produced to 1619.

5. Conclusion
10

In this paper, a multi-objective mixed integer programming model is developed for the selection of
suppliers in a green supply chain and to get closer to real-world problems, the selection has been
selected in the model. In the model presented, supplier selection is proposed to optimally reduce eco-
nomic costs, and reduce supplier-related greenhouse gas emissions. The mathematical model is solved
and the analysis results obtained are carried out using sensitivity analysis. Analysis of the results
shows that increasing one of the indicators such as the number of products and market demand leads
to an increase in the value of the total objective function, which is caused by an increase in problem
size. On the other hand, the cost function increases when the majority of supplier selection is envi-
ronmentally friendly suppliers. Meanwhile, the function of the objective level of greenhouse gas emis-
sions increases when the selection of suppliers is the majority of suppliers with high greenhouse gas
emissions, but the objective function of costs decreases. Lastly, time window concept and inventory in
green supply chain can be studied for further research.
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