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Abstract

In order to balance economic and environmental strategies through the reconciliation
of end of life or end of use product value, reverse logistics and product recovery
management are an important concept. Valuable components and materials in the used
returned products can produce value in monetary forms when retrieved efficiently. This
study's primary purpose is to explore and develop a model that recovers the economic value
of end of life or end of use product returns and the sorting policy to optimize demand and
maximize income over time. The model proposed focuses on reverse logistics recovery
options, i.e., refurbish, remanufacture, recycling, and disposal, combining all possible
means of return quality standards. A range of decisions on trade-off management systems
is evaluated to maximize the revenue created by collecting used products by reverse
logistics services using restoration, remanufacturing, and recycling options. The findings
showed the process of acquiring less of the acquisition quantity at a minimum overall cost
with the sorting policy. Finally, the model offers various potential scenarios for
maximizing the total cost recovery options of end of life or end of use products.
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1. INTRODUCTION

This template Once considered a competitor, ecology and manufacturing are now linked
to the sustainability concept to help the three social, economic, and environmental pillars of
sustainable development. A significant problem for the manufacturer is the "Green"
movement, which is sustainable practices in reducing raw material use, decreasing waste
material, and improving energy usage by using end-of-life (EoL) or End-of-Use (EoU)
strategies. Manufacturing companies, as well as academic researchers around the world, have
given considerable attention toward reverse logistics (RL) [1], [2]. The typical product cycle
is linear from cradle to landfill, where products are manufactured, consumed, and thrown
away at their EoL/EoU. However, nowadays, companies are under pressure in considering
the obligation of the environment and social responsibility towards sustainable development.
Studies have shown RL will provide businesses with a substantial profit by recapturing the
returns' value and providing a chance to develop the visibility of different costs across the
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supply chain [3], [4]. In managing RL, the consistency of the returned EoL/EoU units are
considered vital. Returns EoL/EoU quality is correlated with a unit's ability to effectively
withstand restoration operations such as repair, refurbishing, remanufacturing, and other
recovery options. Studies by [5]-[9] mentioned the quality uncertainty of returns EoL/EoU is
the main issue for efficient RL EoL/EoU recovery. End-users' returns are not the same
concerning the age, physical damage, functionality, and other factors during the usage period.
Thus, running expenses and recovery strategies are distinct. This variability can decrease
product recovery operations’ profitability and also affect various operational issues. A certain
amount of supply for EoL/EoU is required to be economically justified by processes of
refurbishing or remanufacturing in meeting the required demand.

Starting with EoL/EoU products' return, recovery involves repair, refurbishment,
remanufacturing, cannibalization, and recycling to extract potential economic value from the
returned products. However, the process of product recovery is more complicated than the
usual manufacturing process. The potential monetary value has motivated researchers to
review different RL dimensions and has suggested various structural methods to recapture the
value of returns EoL/EoU products [10]-[12]. Many businesses have been drawn into
strategic involvement with product recovery by such growing attention. A significant
problem for businesses is the inherent variability in the return of EoL/EoU products.
Therefore, efficient management of their acquisition is important, although it has not attracted
many researchers [13]-[15]. In order to assess the required level of acquisition management,
the remanufacturer must consider the market outlook for refurbished/remanufactured goods
and their process and storage capacity.

While remanufacturing-related studies have been comprehensive, relatively few studies
have included acquisition and sorting. Few researchers have examined sorting effects. Ref
[16] discuss the effect on cost savings of early quality evaluation of the returned product,
compounded by higher return rates and lower quality. Ref [17], [18] show the benefits of
sorting, and they note that such sorting's economic value depends on other related costs, such
as disposal or disassembly and precision of sorting. Ref [19] shows the feasibility of initial
sorting by comparing conditions with no sorting, local sorting, and central sorting. They
concluded that a significant procurement decision is carried out via a single sorting from the
local sorting. However, the above studies do not consider the acquisition policy and the
recovery option to refurbish high-quality EoL/EoU returned items.

This paper reverse logistics recovery options for product return and sorting by focusing
on optimizing the balance between return and demand to provide efficient renovation and
remanufacturing that ultimately redistributes to the market that better matches demand and
maximizes profits. A simple structured model was developed to provide an overview of the
relationship between parameters and the interactions and the problem’s characteristics, as this
subject was not widely discussed in the literature. The purpose is to understand the
acquisition and the attractiveness of a simple sorting policy just before the refurbishing and
remanufacturing options. Specifically, this paper would address the optimal amount of
EoL/EoU product return for refurbishing or remanufacturing to satisfy the demand while
maximizing profits.

2. LITERATURE REVIEW
RL has played a significant role in solving resource scarcity and waste management
[20]-[22] and has become an integral part of green businesses among manufacturers, mainly
the Original Equipment Manufacturer (OEM) [23], [24]. With strict environmental policies
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such as Extended Producer Responsibility (EPR), Waste of Electrical and Electronics
Equipment (WEEE) [3], [25]-[27], and ever-increasing sustainability growth, the
organization could gain more revenue and sustain their business over the long term.

According to [6], [28], [29], potential economic benefits from EoL/EoU products can be
derived from the recovery options, as illustrated in Figure 1 that includes reuse, refurbish,
remanufacture, recycle, cannibalization, and recycle. RL starts with the acquisition and
collection of EoL/EoU products from the end-user, where the returns are inspected, sorted,
and classified into different level categories. It is crucial at the acquisition and collection
processes due to uncertainty of returned unit quality, quantity, and timing increase the
complexity of the decision-making process of sorting [28], [30]-[32]. There are two main
pieces of information for companies involve in value-recovery operations: accuracy and
timing. Hence, acquisition and collection sites use a variety of standard approaches to collect
quality return information. For instance, [33] introduce nominal measurements based on
particular product specifications and transfer the role of inspecting and grading the returned
product to the supplier. Another way, as mentioned by [34]—[36], incorporating an electronics
device to measure the usage data would yield a piece of timely information indirectly related
to the quality of each unit upon collection. However, both practices provide an initial
classification of returns according to their quality with limited accuracy. On the other hand,
the accuracy of the quality grading is critical. The remanufacturer prefers to disassemble and
inspect the returned EoL/EoU products even though a significant loss of time and effort can
result from delayed detection of lots of inferior quality.

RL supply chain modeling is considered a complex problem involving multi-perspective
decision-making. These perspectives are strategic and tactical/operational, or a mix of both.
The RL strategic decisions commonly involve the network and facilities planning models in
determining the best location for collection centers, remanufacturing plants, and/or recycling
plants. The strategic decision is also the facility's optimum capability to process these
EoL/EoU products or waste [37]-[39]. Tactical/operational decision-making models are the
optimum processes and production planning for RL recovery options operation. The decision
making involves the number of EoL/EoU products or components to be allocated for various
RL recovery options and other related production planning [27], [28], [37], [40]-[42].
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Figure 1: Forward and Reverse Logistics [29].

A mixed-integer linear programming (MILP) model by [37] addressed several problems
related to the multi-period and capacity of the processing at the facilities with a profit-
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oriented objective function. Their model serves to designate inspection centers and
remanufacturing facilities. A generic for RL integrating two recovery options, namely, repair
and remanufacturing using mixed-integer, was developed by [38]. Ref [39] addressed three
aspects: uncertainty of end-of-life vehicle (ELV) quantity, the optimum location for various
facilities’ types, and the recovery system financial scheme for Mexican ELV. They used
linear programming modeled production planning processes in a vehicle recycling plant using
linear programming to assess whether the investment required to fully transform the existing
vehicle recycling equipment into modern sorting equipment shows a profitable income even
though the price decreased by 50%.

The RL network model presented by [43] associates within the supply chain was
introduced to decide the optimum number, flexibility, location, and tactical/operational
planning. According to [44], the most common tactical/operation decision is planning and
controlling different recovery options concerning the pricing strategy. For example, [45]
analyzes the policy, quality, and pricing plan for customer purchasing and return behaviour.
Similarly, [46] studied the effect of customer behaviour and pricing strategies, taking into
account the types of recovery and the best quantity for each form of recovery. The impact on
the decision made for pricing strategy and quality on consumer behaviour was also studied by
[47] through the analytic model. In the area of a forecasting model for EoL/EoU return, in
attempting to promote decision-making on the amounts to be produced, demand and
inventory costs, as well as the recovery options that are most convenient to realize, have been
investigated by [48]-[51].

In the literature analysis, the decisions made on the RL are primarily focused on
technical and practical measures; the decisions to be adopted on the RL: return policy,
product quality, pricing strategy, production and inventory control, selection of components
for the processing of recovered materials, strategic routes, and selection of the best recover
options are generally dependent on tactical/operational approach. However, few studies have
included the sorting in the return policy depending on the EoL/EoU product quality.
Furthermore, no one assesses the trade-offs between the value of the EoL/EoU product and
the benefit of its sorting and the recovery of the disassembled products separately. The
concern to limit the EoL/EoU products received to various recovery processes within their
defined physical conditions was ignored. Our study, however, contributes to the acquisition
management emphasis on the relationship between the processes of acquisition, sorting, and
recovery (refurbishing, or remanufacturing, or recycling).

3. PROBLEM, DESCRIPTION

RL has played a significant role in This study considers a scenario in which a
manufacturer decides to accept EoL/EoU of its product from end-users. The returned
products collected are classified and sorted according to various recovery options, including
refurbishing, remanufacturing, and disposal during the sorting process.
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Figure 2: Recovery options process

Figure 2 represents the framework of this study. EoL/EoU returned products via RL are
accepted and stored in the collection center. The product accepted for refurbishing will
undergo minor modifications and repair such as product repackaging or exterior correction
and repair that the final product can be treated as a finished good with a high-quality
standard. Returned products identified for the remanufacturing process have parts that are
considered recoverable, and items marked for disposal have no recoverable parts and will be
recycling and disposed of. The sorting level will depend on the recovery processing
capability and inventory. Three different types of inventories are available: finished goods to
be sold based on market demand, used parts that will be reassembled in the remanufacturing
recovery option, and recycling inventory. The recoverable parts are retained as used parts
when disassembled. Finished goods are the returned product, which has been restored and
repaired in the refurbishing and remanufacturing process and ready to be redistributed based
on demand. (refurbishing, or remanufacturing, or recycling).

4. PROBLEM ASSUMPTIONS AND NOTATIONS

This section presents the model assumptions and the notes before the model formulation
is presented. This study is to understand the collection of EoL/EoU products and simple
sorting policy to meet the demand with limited accuracy. The following assumptions are used
to represent the model as mentioned earlier scenario. The EoL/EoU collected's quality level is
known and categorized in three levels, as illustrated in Table 1 before the recovery processes
(refurbish, remanufacture, disposal (recycling).

Table 1: Recovery assigned to each EoL/EoU products

Condition Recovery Options
1 - High quality 1. Refurbishing, Qrer
2 - Medium quality 2. Remanufacturing, Qrem
3 - Low quality 3. Recycling, Qrecy
4. Disposal (Landfill), Qpsp

All processes with different quality of returned have a different cost associated. The
medium quality, QREM returned products yield a fraction of good recoverable modules/parts
that feed to the remanufacturing process. The good and bad modules/parts after disassembly
are represented by two yg and yb level percentages, respectively. The market demand is
known, and the processing capacities are unlimited. The notations of the model are
summarized as below:

Decision Variables
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D Quantity of returned EoL/EoU products required

Qrer Quantity of refurbishing

Qrem Quantity of remanufacturing

Qoisp  Quantity of disposal

Qrecy Quantity of material recycle

ST ST = 1 if product » remanufactured and 0 if otherwise. ST = 0 represents all
demand that will be met by the refurbishing process only.

Parameters
D Demand for finished goods

a Price for the returned product

o>t Price of finished goods

6°F- Price for recycling material

A Ratio of a high, medium and low quality received (dnq, 4mo, and diq) based three
percentages

Y Fraction of good and bad part (y, and y,) based on two percentages

w Weight of recycling material

Crer Cost for the refurbishing process

Crem Cost for the remanufacturing process

Cpisp  Cost for the disposal of low quality

Cassy Cost of assembly for refurbishing and remanufacturing process

5. MODEL FORMULATION

In this study, we considered a single-demand D, which the recovery facility needs to
determine how many used products to acquire. The facility's decision variable is to collect a
number of returned EoL/EoU products », where » > D. Received EoL/EoU products are
classified into three categories based on their physical or known operating condition. The
categories are denoted as dnq, dvg, and 4o Where it refers to high quality, medium quality,
and low quality. The recovery options of refurbishing (Qgrer), remanufacturing (Qrem),
recycling (Qrecy), and disposal (Qpisp) are considered separate processes, as shown in
Figure 3. The returned products that do not meet the refurbishing or remanufacturing
requirements will be recycled or disposed of. The sorting policy (ST = 0) is classified for
refurbishing or remanufacturing (ST = 1) in this decision-making model to satisfy demand
(D) that is known.

Collection of EoL/EoU Process Redistribution

QREF ’—’ Qus rer
QRE M

™ Qasrem

Returns via
RL

Qoisp Qrecy

Figure 3: Recovery options scenario of EoL/EoU

The refurbishing process aims to return the equipment to its original state, i.e., "like new"
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with a high-quality level, only minimal repair. It may include other procedures to return the
product to OEM requirements, tested, and calibrated. EOL/EoU return products can have
some reusable modules or parts/components in remanufacturing, while returned products
with insufficient reusable parts are recycled/disposed of. All finished products are product
lines that have undergone all the necessary processes, checked and certified, and are ready for
redistribution based on demand.

The mathematical equation of the problem is presented as follow:
Maximize Profit = Total Revenue - Cost of Processing D

Revenue is generated from the selling of refurbishing, remanufactured, and recycling of
material. »>5"" is the price of selling the product of refurbishing or remanufacturing, and
0°FH the price of selling the recycled material.

Total Revenue
SELL, SELL
;og(l,z}iz‘:lerzum,t QREFQREM Di,t+§m€“‘ 5 iZ‘:WQREcv (2)

Cost of Processing
Z if"nta"‘g‘:c F*EFQREF;(: REM Q REM .;Zz;[ C ASSVQ REFQ REM ;C DlSPQ DISP (3)

it

Process assignments for each of the EoL/EoU products based £-ratio as in Table 2 for
the 36 simulation cases.

Table 2: Ratio of high, medium and low quality EoL/EoU

Case (fHQ 1(MQ 1(|_Q Case 1f|-|Q 1f|\/|Q 1f|_Q
1 0.8 0.1 0.1 19 0.3 0.3 0.4
2 0.7 0.2 0.1 20 0.3 0.2 0.5
3 0.7 0.1 0.2 21 0.3 0.1 0.6
4 0.6 0.1 0.3 22 0.2 0.7 0.1
5 0.6 0.2 0.2 23 0.2 0.6 0.2
6 0.6 0.1 0.3 24 0.2 0.5 0.3
7 0.5 0.4 0.1 25 0.2 0.4 0.4
8 0.5 0.3 0.2 26 0.2 0.3 0.5
9 0.5 0.2 0.3 27 0.2 0.2 0.6
10 0.5 0.1 0.4 28 0.2 0.1 0.7
11 0.4 0.5 0.1 29 0.1 0.8 0.1
12 0.4 0.4 0.2 30 0.1 0.7 0.2
13 0.4 0.3 0.3 31 0.1 0.6 0.3
14 0.4 0.2 0.4 32 0.1 0.5 0.4
15 0.4 0.1 0.5 33 0.1 0.4 0.5
16 0.3 0.6 0.1 34 0.1 0.3 0.6
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Model Formulation

The model was solved using Lingo 18.0. Figure 4 shows the profit created by our
experiment model with the assumption of market demand, D for a total of 100 from the
refurbish and remanufacture products. The model is analyzed if the quality level of EoL/EoU
product returns impacts its output with a 10 % increase or decrease of 4-ratio. All 36 cases
evaluated with a requirement that all output levels are higher than or equivalent to 10%,
indicating that all processes for refurbishing, remanufacturing, recycling, and disposal
coexist.

Profit * 1074

Qeenr

Figure 4: Impact of different recovery options scenario

The high quality of EoL/EoU causes all demand to be met with only refurbished
products (Qreg) from scenario 1 to 16 with ST at 0. Hence, all the other returned products
classified as medium and low quality are sent for recycling and disposal. The highest profit
generated within the scenario was 2100000. The profits tend to decrease gradually when the
quality level of 4 constant and duq starts to decrease. Regardless of the change in quality
for dvg and 4. the quantity of Qgrer are identical when 4y are 0.8, 0.7, 0.6, and 0.5. As a
result, the revenue within case 1 to 16 is also being generated by the selling recycled
material, 6°5-". Table 3 summarizes the overall quantity of EoL/EoU returned products
acquisition, I refurbishing, Qrer and remanufacturing, Qrem.

Table 3: Result of acquisition, refurbish, remanufacturing.

Case D Qrer Qrem Case D QReF QRrem
1 125 100 0 19 190 a7 53
2 143 100 0 20 222 45 55
3 143 100 0 21 266 42 58
4 143 100 0 22 137 39 61
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5 143 100 0 23 154 37 63
6 143 100 0 24 174 35 65
7 200 100 0 25 200 30 70
8 200 100 0 26 235 28 72
9 200 100 0 27 286 25 75
10 200 100 0 28 310 23 77
11 250 100 0 29 150 20 80
12 250 95 5 30 160 16 84
13 250 92 8 31 182 15 85
14 250 85 15 32 210 15 85
15 250 80 20 33 250 15 85
16 133 60 40 34 307 15 85
17 148 56 44 35 337 15 85
18 166 50 50 36 350 15 85

The quantity of demand determines the quantity of acquisition resulting from the model.
In cases between 1 to 11, when the quality level of 4 is greater than or equal to 50 percent,
given market demands, only refurbished products are met by increasing the acquisition
process's quantity of returns. Cases 12-36 show that the demand for 100 products is met with
refurbished and remanufactured products. For instance, the profit increases 15 percent,
although the 4 levels decrease compared to cases 15 and 16. Similar findings also occur in
cases 28 to 29. However, the increase in profit margin is just 6 percent.

Due to their low cost for recovery and high profitability, the recovery facility would
prefer better quality returned products, based on the results and as expected. In contrast with
low quality, the high quality returned product is limited. As mentioned above, the outcome of
scenarios 15 and 16 also demonstrated clearly how the different quality levels of the returned
products are compared and would result in higher profits even if the quality of the returned
EoL/ EoU with lower quality grades. Therefore, the decision-maker must prioritize the
solution based on the optimal margin and the recovery's targeted percentage.

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Figure 5: Change of Fraction vy, in Profit

The result in Figure 5 indicates the change of y, with an increase of 5%. The change in
Yo significantly impacts the recoverable components/parts that affect the remanufacturing
process, which eventually increases the processing cost for acquiring more returned EoL/EoU
products. However, the profits remain constant as the fraction of vy, increases since the
revenues of 5°5- for material recycling increases.
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Figure 6: Changes in profit depending on % of Qgrecy,

The result in Figure 6 shows that the percentage of profit to the amount of Qrecy. With
only 10% of 4nq EoL/EoU product return, the recovery option of recycling generated up to
25% of the profit compared to the 80% of 4 acquired. With a proper strategy of material
recycling, 4o would also provide a substantial amount of profit.

6. CONCLUSION

The stochastic aspect of the product quality returned is one of the critical features of a
product recovery method. Given the wide variability in return conditions, the returned items
must be graded according to their quality. In this study, we develop a model to determine the
appropriate acquisition quantity and sorting process to meet demand and maximize profit.
The study provides a simple analytical expression that determines when such a process, either
refurbished or remanufactured, is economically justified and shows the simultaneous
consideration of relationship among acquisition, sorting, refurbishing, or remanufacturing
should contribute to a better understanding of the dynamic characteristics in dedicated
product recovery processes. We conclude the paper by focusing on the modeling aspects of
this study. Our model assumes that in recovery processes, there are no limitations of
capability and a deterministic value. This is a simplifying theory that, in some situations,
might not be accurate.
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