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Abstract: Green and sustainable engineering business models have become a major topic across industries
due to concerns regarding environmental issues and the decline of natural resources. Remanufacturing is
showing promise as a preferable solution in terms of environmental, societal, and economic factors compared
to alternatives such as repairing, reconditioning, and recycling. By considering the nature of the closed
cycle loop system, this paper proposes the idea of a transitional agenda into remanufacturing. However,
different countries should employ different approaches to such a transition in order to appropriately
account for and integrate diverse stakeholders, perspectives, and preferences. Therefore, the main objective
of this study is to evaluate prioritized elements and sub-elements in the development of a transitional
decision-making framework (TDMF) in the Malaysian automotive industry by applying the analytical
hierarchy process (AHP). Aggregation of individual and group judgement is done for prioritised elements
and their sub-elements, which are then ranked accordingly using element weights based on the acceptance
of individual and group consistency index values.

Keywords: remanufacturing; transitional; analytic hierarchy process; group decision making; consistency

1. Introduction

Green and sustainable engineering practices have represented a substantial paradigm shift among both
researchers and industries. The 4R concept has been introduced which consists of repairing, reconditioning,
remanufacturing, and recycling. Among these approaches, remanufacturing has become a favoured approach
for maintaining comprehensive competitive advantages in terms of economic [1], environmental [2,3],
and societal [4] aspects, while increasing profitability. Economically, remanufacturing promises a
strategic advantage to companies compared to brand new manufacturing. The core is acquired from
end-of-life (EOL) parts as a primary resource, thus allowing the company to benefit from a 50% cost
reduction, a 40% saving on energy consumption, and a 30% saving on materials [5,6] compared to an
organisation manufacturing brand new products, which consume 100% of the cost of materials and
energy during their production [1]. Due to its connection to sustainable manufacturing, remanufacturing
has received significant attention in recent years from both developing and developed countries such as
the United States (USA), China [7,8], Japan [9], Brazil [10], India [11], and Thailand [12] with multiple
progressive strategic plans and employment of different methods and approaches, depending on
demographic issues, political support, financial strength, and technological capabilities.

With acknowledgement of the capability of remanufacturing, Malaysia has highlighted the importance
of adaption and implementation of the remanufacturing concept in the automobile industry. In Malaysia
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alone, as reported by the Malaysia Automotive Association (MAA), more than half a million new vehicles
have been registered since 2010, with Proton and Perodua as a vehicle manufacturer company accounting
for approximately 60% of the total industry volume (TIV) [13]. Remanufacturing is suggested as an
effective means of end-of-life (EOL) vehicle management. It has been forecast to potentially reach RM 670
million with further projected increment by 2020 [14] from the current RM207–345 million, which would
contribute greatly to the Malaysian economy while reducing emissions and energy waste.

The initiatives are focused on promoting environmental awareness as well as the implementation
of remanufacturing from the other green practices of companies, such as repair, recondition, and recycle,
due to the nature of the closed-loop cycle [15] of the green practices system. The only issue is whether
Malaysian enterprises are ready and willing to adopt remanufacturing practices and transform into
remanufacturers. Environmental protection and the sustainability agenda demand that decisive steps
are taken, including on-going initiatives and cooperation between the government and various other
stakeholders [16]. In other words, it is a business transition related with multi-actor or societal-system
changes towards sustainability.

The agenda of business transition entails a strategic transition management procedure. The two
approaches comprehensively applied in the transition process are adaptive management and transition
management [17,18]. Adaptive management approach is a significant method in dealing with sustainability
of social-ecological system changes by learning the process from extended experimental investigation [19,20].
Meanwhile, transition management is related to sustainability development based on social-technical system
changes [21]. It involves years of exploration for transformation agenda from diverse professionalisms and
perspectives which are essential for providing a long-term target, and continuous experimental experience
in structures and actors [22,23] for determining a functioning system as well as business innovation
sustainability [24]. Loorbach et al. [25] further emphasised that activities involving societal change
should be observed and differentiate by proposing four major elements namely strategic, tactical,
operational, and reflexive.

With comparison of these two transition management approaches, this study is interested in
adapting the transition management framework as employed by Loorbach et al. [25] in the transition
to remanufacturing in Malaysia. The main reason is the transition from other green strategies to
remanufacturing has posed a significant challenge that entails addressing the priorities and requirements
from a diverse range of perspectives, particularly the viewpoints of the government and numerous
industry stakeholders. Therefore, businesses currently implementing repair and rebuild practices require
knowledge guidance to reach a consensus judgment amongst their decision makers to successfully
transition to remanufacturing. A better mutual understanding of transition plans and strategies will
be an advantage in adapting the transformation of an organization into a successful remanufacturer.
Thus, this study focuses on evaluating the prioritized elements and sub-elements in the development
of a transitional decision-making framework (TDMF) which drawn from multi-perspective and
professionalism background by using an analytical hierarchy process (AHP).

2. Methods

2.1. Elements and Sub-Elements Selection

As explained in Section 1, this study is interested in adapting the transition management framework
as proposed by Loorbach et al. [25] and the four elements in transitional business strategies which are
strategic, tactical, operational, and reflexive. The strategic element is a process of developing mutual
understanding by determining alternatives and problem structuring while envisioning the establishment of
the transition arena for a long-term objective through individual opinion and politics. Then, to implement
the tactical element, companies need to identify potential partners who will support the transformation
process and help attain sustainable objectives. The operational element is the continual improvement and
development of various aspects such as technology, practices, and product. The daily working procedure
may require a change in normal practices and restructuring to increase the effectiveness of sustainable
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systems. The reflexive element is a process of examining each activity of current practices so that any
misleading information can be identified in relation to organisation, product, process, or environment.
Each of these elements expresses a different analysis purpose as supported by [26].

Two steps were taken: (1) from literature review, and (2) conducting case study. The sub-elements for
transition process into remanufacturing are identified from the first step. A total of 14 sub-elements were
identified from the review process. Then, the study proceeds with the case study. The main purpose of this
step is to understand the real-life practice within these business activities, and it contributes to categorizing
the sub-element into four major elements as shown in Table 1. Site exploratory case studies were conducted
at only two companies as recommended by Malaysia Automotive, Robotic & IoT Institute (MARii) due to
confidentiality issues, time constraints, and their willingness to participate. The only selection criteria for
the case studies were that they implement alternative green practices such as rebuilding and restoration
vehicle parts. Data was collected through interview sessions with key operational personnel such as
the general manager or senior production engineer. For matter confidentiality, each company is simply
referred to as Company A and Company B. The interview sessions were conducted simultaneously with
site observations as well as an adapted open-ended questionnaire [10] to allow flexibility in understanding
the questions and in providing answers [27]. Apart from that, company reports and other information
were gathered to reaffirm the results. For further details on findings about the case studies, please refer to
our prior previous study conducted by Misran et al. [28].

Table 1. Classification of transitional decision-making framework (TDMF) sub-elements.

Elements Sub-Elements References

Strategic Element (SE)

Formulate Vision and Goal (FVSG) [29,30]
Develop Supply Chain System (DSCS) [30–32]

Develop Financial Strategies (DFS) [33,34]
Formulate Marketing Strategies (FMS) [26,35]

Tactical Elements (TE)

Develop Organization Support (DOS) [36–38]
Collaborate with OEM (COEM) [9,39–41]

Collaborate with Government (CG) [9,42]
Collaborate with Research Institution (CRI) [43,44]

Operational Element (OE)
Develop Production Layout (DPL) [45–47]

Process Chain/Core Management Process (DPC) [48,49]
Formulate Data/Documents Management (FDDM) [50,51]

Reflexive Element (RE)
Human Resources Development (HRD) [52,53]

Organization Evaluation (OV) [54–56]
Society Engagement (SOE) [57,58]

2.2. Application of AHP in Development of Transitional Decision-Making Framework (TDMF)

AHP is one of the multi-criteria decisions making (MCDM) methods. Several MCDM tools are
applied depending on the problem cases, such as elimination and choice translating reality (ELECTRE),
preference ranking organisation method for enrichment evaluation (PROMETHEE), SMART and
TOPSIS. However, among the MCDM methods, AHP is widely used in decision-making approaches
in several fields such as public-cooperation problem types, strategic policies, and management
planning [59,60]. AHP is a theory and involves mathematical process of measurements based on an
expert’s judgement on pairwise comparison with a scale provided. The scale represents dominant
attributes better compared to the other options. AHP is a reliable decision-making tool because it deals
with the prioritised elements and sub-elements. Five phases of AHP application are used in the study,
which are illustrated in Figure 1.
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2.2.1. Define the Goal

In decision making, the ability to define the issue, problem, or goal is required to enable the decision
makers to identify related elements and sub-elements relevant to the discussed issue, which affect
particular groups and stakeholders [61]. In the case of this research, the goal is to evaluate the prioritised
element and sub-element for transition process in remanufacturing business operation. No sub-goals
are required in this research.

2.2.2. TDMF-AHP Hierarchy Structure

Driven factors and prioritised elements are different in the transition agenda, which creates a
challenge. Organisation should identify prioritised elements to formulate strategic planning process so
that it can remain conscious of the possible impact of its decision [62]. Thus, the desired requirements
could be obtained by evaluating and ranking accordingly [63] using the AHP method. The identified
elements and sub-elements as discussed in Section 2.1 are arranged accordingly in a hierarchy structure
from top to bottom (from goal to design alternative), as shown in Figure 2. The hierarchy consists of
three layers, and in some cases, it could be reduced to a two-layer decision tree, depending on the
research issues.

2.2.3. Pairwise Comparison Matrix

All elements and sub-elements as presented in the form of hierarchal structure, which will be
evaluated by applying pairwise comparison matrix. It can be done by distributing designed questionnaires
to selected respondents, experts, or decision makers. For a given element, a decision maker makes a
judgement on weighting the element and sub-elements with the scale ranging from one to nine, as shown
in Table 2; these rankings are presented in a matrix form. The size of the matrix (n × m) depends on the
number of elements:

X =
[
xi j

]
=
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Equation (1) demonstrates matrix X, which represents X =
[
xi j

]
and the comparison element

value is
[
xi j

]
= 1

x ji
for i , j where i is the n-column of the matrix and j is the m-row of the matrix.

Meanwhile, the judgement values by the expert are demonstrated by the element xi j. The diagonal
numbers are equal to 1 since feature

[
xi j

]
= 1. In addition, the elements C1 , C2, . . . Cn are designated

for the element.
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Table 2. Importance scale of pairwise comparison process [64].

Importance Scale Definition Explanation

1 Equally important Two activities contribute equally to
the objective

3 Moderately important Experience and judgement slightly favour
one activity over another

5 Strongly important Experience and judgement strongly
favour one activity over another.

7 Very strong or demonstrates importance
An activity is favoured very strongly over

another. Its dominance demonstrated
in practice.

9 Extremely important
The evidence favouring one activity over
another is of the highest possible order

of affirmation.

2, 4, 6, 8 Intermediate values between the two
adjacent judgments When compromise is needed.

Reciprocals of
above

If activity i has one of the above non-zero
numbers assigned to it when compared
with activity j, then j has the reciprocal

value when compared with i.

A reasonable assumption.

2.3. Respondent Classification and Survey Distribution

For obtaining confidence in pairwise comparison judgement, the selection of respondent depends on
the scope and aim of the study. The number of participating experts varies from three to 25 [65–69]. Five
experts with thorough experience were involved in this study. The experts were drawn from government
establishment, industries, and academia. One expert representing the authorities’ enforcement body
has an experience of 10 years in Road Transport Department of Malaysia. The department is actively
involved in evaluating and auditing the automotive business activities in Malaysia, such as repairing,
reconditioning, and remanufacturing of vehicle components. Two experts are in managerial level
and engineer levels from industries and have experience in their professional fields for more than
seven years. One of the industrial experts owns two registered companies in repairing and recondition
vehicle body as well as logistic and transportation and is well-experienced in automotive business
management. Another expert from industries is a senior engineer at one of the original equipment
manufacturer (OEM) company, which deals with manufacturing and design development of vehicle
components. All the experts from industries also have decision-making experiences with regards to
their professions. The remaining two experts involved in this study are from academics. They are
experienced in research and article publication related to operations management, environmental
technological innovation, and automotive industries and engineering. Both academia experts have
been working in their current roles for more than seven years. In fact, one of the academia experts had
worked in the industry for almost 13 years before joining the academic world. The experts’ details are
summarised in Table 3.

Table 3. Respondents classification.

Major Organisation Professional Experience

Expert 1 Government Authority Enforcement Body
More than 10 years

Expert 2 Private Company (Managerial level)

Expert 3 OEM Company (Senior engineer)

Expert 4 University Researcher More than 7 years
Expert 5
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After identifying the experts, survey forms were distributed to each of them through multiple
communication mediums such as email, personal interview and telephone, considering the time constraint
and cost-effectiveness in data collection process. The survey form consists of three major steps. In Step (1),
elements and sub-elements for the transition into remanufacturing were described to ensure that the
respondents understand the definition for each elements and sub-elements. In Step (2), the respondents
were once again guided on answering the pairwise comparison survey (refer to Appendix A Table A1)
before taking the real question. Step (3) dealt with demographic information of respondents.

2.4. AHP Aggregation Methods and Consistency Judgement Measurement

Applying individual judgment to a consensus decision is questionable if inconsistency features
from the beginning. The vital point on this issue is how the individual judgements can be accepted and
considered to be consistent in making a judgment. Therefore, the individual prioritised vector (eigenvalue
method), consistency index (CI), and consistency ratio (CR) are used as shown in the following equations:

Xw =
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following equations: 
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max is the maximum eigenvalue of X, n is the matrix size, and RI is a random index. Table 4
shows the accepted RI value based on the matrix size. As a rule of thumb, a CR value of less than 0.1 or
10% is considered sensible. If the CR value is between 10% and 20%, it is considered reasonable [70–72].
However, any CR value more than 20% should not be accepted and requires re-evaluation.

Table 4. Random index (RI) references [64].

n 1 2 3 4 5 6 7 8 9

RI 0 0 0.52 0.89 1.11 1.25 1.35 1.40 1.45

Upon the acceptance of the CR percentages, the individual score is aggregated into group decision
making. Two preferable aggregation methods are aggregation of individual judgments (AIJ) and aggregation
of individual priorities (AIP). In this research, AIJ is an essential method in the model development procedure
where group decision making is addressed as new “individual” result formation in the representation of
the group decision as one [73]. The AIJ formula is as follows:

XG =
[
xi j

]G
=

m∏
n=1

(xi j
(n))

λk

(5)

where XG is the collective or group matrix for all decision makers (n = 1 . . . m = kth decision maker).
In accessing collective judgement, decision makers are considered to have different weight vectors.

The weights depend on the level of the contribution to the decision-making process, such as experience,
expertise, and performance hierarchy, where λk is a value between 0 and 1. However, who is responsible
for and authorised in assigning weights for decision makers based on the hierarchy is questionable [73].
Therefore, in the event in which a decision maker considers weights to be equally important, then
λk = 1/m. Then, row geometric mean method (RGMM) is selected for the prioritisation group decision-
making method [74] using the following formula:

wi =

1/n

√∏n
j=1 xi j∑n

i=1

(
1/n

√∏n
j=1 xi j

) (6)
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In Equation (6), the collective weight is wi where i = 1, 2 . . . n, and then the group consistency
judgement is measured using the geometric consistency index (GCI) [75] as follows:

GCI(X) =
2

(n− 1)(n− 2)

∑
i< j

((log xi j) − (log wi) + (log w j))
2 (7)

Matrix X =
[
xi j

]
is considered acceptable if the generated value of GCI is consistent with the

threshold value, as shown in Table 5.

Table 5. Geometric consistency index (GCI) threshold value [75].

GCI (X) Value Consistency Condition

0 A is fully consistent

0.31 n = 3

0.35 n = 4

0.37 n > 4

3. AHP Results and Analysis

In order to demonstrate how consensus judgement is applied in practice, strategic sub-elements
are chosen to show how the AHP group judgment is used in the development of TDMF. Table 6 is the
result of the pairwise comparison matrix performed by five decision makers (DM1 . . . DM5).

Table 6. Strategic sub-element AHP-pairwise comparison.

Decision Maker/Sub-Elements FVSG DSCS DFS FMS

DM1

FVSG 1 1/7 1/5 1/5
DSCS 7 1 1 1
DFS 5 1 1 1
FMS 5 1 1 1

DM2

FVSG 1 5 1/4 1/3
DSCS 1/5 1 1/5 1/5
DFS 4 5 1 1
FMS 3 5 1 1

DM3

FVSG 1 1 1 1
DSCS 1 1 3 3
DFS 1 1/3 1 1/4
FMS 1 1/3 4 1

DM4

FVSG 1 1/5 1/5 1/3
DSCS 5 1 1 5
DFS 5 1 1 5
FMS 3 1/5 1/5 1

DM5

FVSG 1 1/8 1/9 1/9
DSCS 8 1 1 1
DFS 9 1 1 1
FMS 9 1 1 1

Individual attributes, such as decision-maker’s weight priority vector (wk; k = 1 . . . k-th = decision-
maker), maximum eigenvalue (σmax), consistency index (CI), and consistency ratio (CR) are summarized in
Table 7. These attributes show variation in prioritized elements and the consistency in making judgments for
each decision maker. The inconsistency value ranges from 0.08% to 17.51% for each strategic sub-element,
which is in the reasonable range as explained in Section 2.4. The same procedure was applied to measure
the individual attributes of other main element and their sub-elements.
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Table 7. Results on decision-makers’ attributes on strategic sub-element.

Decision Makers Individual Attribute

DM1

wDM1 = {0.0565, 0.3330, 0.3052, 0.3052} T

σmax = 4.0172
CI = 0.0057
CR = 0.64%

DM2

wDM2 = {0.1670, 0.0619, 0.4008, 0.3703} T

σmax = 4.2795
CI = 0.0932

CR = 10.35%

DM3

wDM3 = {0.2316, 0.3824, 0.1334, 0.2525} T

σmax = 4.4728
CI = 0.1576

CR = 17.51%

DM4

wDM4 = {0.0669, 0.4079, 0.4079, 0.1173} T

σmax = 4.2236
CI = 0.0745
CR = 8.28%

DM5

wDM5 = {0.0371, 0.3148, 0.3240, 0.3420} T

σmax = 4.0022
CI = 0.0001
CR = 0.08%

AIJ is used to aggregate the individual judgements to obtain the collective judgment upon the
acceptance of an individual attribute. Then, RGMM is applied for the prioritization method. The collective
judgement is presented in Table 8. One important observation is that the results obtained in Table 9 show
a significant acceptance of the values of GCI, where GCI < 0.35 for n = 4 and GCI < 0.31 for n = 3.

Table 8. Collective judgement in decision making.

Element/Sub-Elements FVSG DSCS DFS FMS

SE

FVSG 1.0000 0.4471 0.2565 0.3010
DSCS 2.2369 1.0000 0.9029 1.2457
DFS 3.8981 1.1076 1.0000 1.0456
FMS 3.3227 0.8027 0.9564 1.0000

Element/Sub-elements DCS CG COEM CRI

TE

DCS 1.0000 1.9473 0.9349 3.6801
CG 0.5135 1.0000 0.5326 2.3714

COEM 1.0696 1.8776 1.0000 3.1777
CRI 0.2717 0.4217 0.3147 1.0000

Element/Sub-elements DPL DPC FDDM

OE
DPL 1.0000 0.7740 1.5518
DPC 1.2920 1.0000 2.7241

FDDM 0.6444 0.3671 1.0000

Element/Sub-elements HRD OV SOE

RE
HRD 1.0000 1.5518 2.9302
OV 0.6444 1.0000 3.2453
SOE 0.3413 0.3081 1.0000

Element/Sub-elements SE TE OE RE

ME

SE 1.0000 1.3195 0.9417 2.6867
TE 0.7579 1.0000 0.7860 2.0678
OE 1.0619 1.2723 1.0000 1.9332
RE 0.3722 0.4836 0.5173 1.0000
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Table 9. Consistency index of collective judgement.

Consistency
Measures

Strategic
Element

Tactical
Element

Operational
Element

Reflexive
Element

Main
Element

GCI 0.06 0.02 0.03 0.10 0.02

Local and global ranks for the elements are calculated based on their prioritized weight value.
The strategic element (SE) was found to be the most vital element (0.3196), followed by operational
element (OE) (0.3006), tactical element (OE) (0.2491), and reflexive element (RE) (0.1306). Further analysis
of the local rank of sub-elements and consensus judgement on the development of TDMF shows that
development of financial strategy (DFS) (0.3304), core management process (DPC) (0.4750), development
of organizational support (DOS) (0.3550), and human resources development (HRD) (0.4862) are the
most essential sub-elements of a transitional framework into remanufacturing by AHP for each main
element. Based on the lateral results of local rank analysis, the global rank of sub-elements is led by
core management process (DPC) (0.1428), followed by development of financial strategy (DFS) (0.1056),
formulation of marketing strategy (FMS) (0.0915), development of supply chain system (DSCS) (0.0912),
and development of company structure (DOS) (0.0884). In contrast, the results found that collaboration
with the government, organization valuation, formulation vision and goal, collaboration with research
institute, and society engagement are of lesser priority. The final results are summarized in Table 10.

Table 10. Results on elements and sub-elements ranking.

Element
Priority

Weight (wj)
Sub-Elements Local

Weight (wi)
Global Weight Local Rank Global Rank

SE 0.3196

FVSG 0.0977 0.0312 4 12
DSCS 0.2855 0.0912 3 4
DFS 0.3304 0.1056 1 2
FMS 0.2864 0.0915 2 3

TE 0.2491

DOS 0.3550 0.0884 1 5
CG 0.1980 0.0493 3 10

COEM 0.3507 0.0873 2 6
CRI 0.0962 0.0240 4 13

OE 0.3006
DPL 0.3319 0.0997 2 7
DPC 0.4750 0.1428 1 1

FDDM 0.1931 0.0581 3 8

RE 0.1306
HRD 0.4862 0.0635 1 9
OV 0.3753 0.0490 2 11
SOE 0.1385 0.0181 3 14

4. Discussion

4.1. Primary and Secondary Elements of TDMF

Complexity and uncertainty in remanufacturing activity required the used of prescriptive decision-making
approach in the development TDMF after the evaluation of prioritized element by AHP. The prescriptive
approaches provide different alternative for each attribute in order to assist the decision maker’s analyses their
capabilities and proceed or shall not proceed in remanufacturing transition. Two categories are introduced
in the proposed TDMF: (a) primary elements and (b) secondary elements in the application of TDMF.

(a) Primary Elements
Primary element consist of the first prioritized sub-element in the local rank and the top four

prioritized elements in the global rank are grouped as the body structure of the core elements in TDMF.
Each of the elements/sub-elements is a mandatory step to analyse the action during reviewing process
by the decision makers without skipping any of them. These consist of:
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• Develop Financial Strength (DFS): Financial strength and its capabilities must be evaluated and a
new financial scheme demanded if required for the suspension of the transition process [76] in
its entirety.

• Formulate Marketing Strategies (FMS): Explore various marketing strategies depending on the
category of the remanufacturing company [77] (i.e., whether the company is responsible as the
original equipment manufacturer (OEM) remanufacturer or is an independent remanufacturer).
The remanufacturer identity affects its identification for potential domestic or regional customers,
as well as new export possibilities [78].

• Develop Supply Chain System (DSCS): Identify and implement multiple strategies in supply chain
systems to optimize the core acquisition [33,79]. The relationships with multiple suppliers could
benefit product-market strategies.

• Develop Core Management Process (DPC): Identify and evaluate the significant remanufacturing
process flow in order to reduce unnecessarily repetitive procedures arising from the uncertainty of
a core’s quality [48,50] in each department. An effective core management process would benefit
in a cost-effective production process [80].

• Develop Company Structure (DOS): Re-evaluate the necessity of a remanufacturing division internally
or as a whole organization in order to support and enhance the remanufacturing process during
and after the transition period.

• Human Resources Development (HRD): Continuous professional training development must be
adequately provided to employees, thereby allowing competent employees to be responsible for
the introduction of new engineering business practices [81].

(b) Secondary Elements
The secondary elements consist of the remaining prioritized element/sub-element based on the

local rank as well as global rank. In contrast with the primary element/sub-elements, decision makers
are more flexible and allowed to reconsider option provided. These consist of:

• Formulate Vision and Goal (FVSG): Determine the company’s long-term direction, goals, and achievements
for the transitional operation. Identify the short-term actions required to realize the vision and
periodically reassess them.

• Develop Production Layout (DPL): Redesign the layout system and facilities arrangement based on
the size of the site location to optimize the current workplace with an effective flow process.

• Formulate Data and Document Management (FDDM): Design and provide a practical documentation
management system in order to record current and new practice implementation information for
the purpose of internal audits or audits by the authorities.

• Collaborate with OEM (COEM): Develop a cooperation strategy with the OEM for the benefits of sharing
intellectual property knowledge and strengthening the marketing channel for remanufactured products.

• Collaborate with Government (CG): Develop collaboration with government agencies, such as MARii,
Malaysian Investment Development Authority (MIDA), and Road Transport Department Malaysia
to benefit from the development of policies, tax exemptions, and incentives for the Malaysian
remanufacturing industry.

• Collaborate with Research Institutes (CRI): Consider investing in a research institute partnership
when implementing reverse engineering processes to increase the engineering data precision if
the OEM is not willing to collaborate [82].

• Organization Valuation (OV): Re-examine and periodically reassess company performance in
remanufacturing to verify it is in line with expectations and achieving the sustainability objective
while generating profit.

• Society Engagement (SOE): The company may consider providing an avenue for customers to
provide feedback [83] if the product’s remanufacturing improvements dependent on it.
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4.2. The Relation between Transition Decision-Making with Open Innovation

As remanufacturing has become preferable innovative sustainability in manufacturing, the emphasis
is on the necessity for multi-criteria analysis in transitional decision-making management. The transitional
decision-making resulted with combination process of required inflow and outflow of knowledge which
also the basic principle for the implementation of an open innovation [84] to enhance the internal change
of an organization with the broad effect of the potential market, as apparent benefits of innovation [85].
Chiaroni et al. [85] introduced a theoretical framework of open innovation implementation, which includes
four significant aspects (i.e., networks, organisational structures, evaluation processes, and knowledge
management systems). This section discusses how the results of transitional decision-making create
a substantial channel on managerial and organisational strategies towards open innovation adoption
according to these four significant aspects.

Network innovation relates to varieties of relationship, such as the partnership between supply chain
and supplier, particular collaboration, and user-relationship. These networks serve a different purpose and
should be managed based on organization capability. Flexibility, in the supply chain relationship, is the
best way for an organization to achieve outbound open innovation adoption within the transition process.
Flexibility provides multiple supply chain activity alternatives, such as service-contract, ownership-based,
direct order, deposit based, buy back, or voluntary based [79]. These supply chain management strategies
are beneficial in expanding potential external channels for remarketing remanufactured products. Focus
on specific options may cause limited resources and affect the company’s development. Meanwhile,
open innovation inbound strategies, such as collaboration between an organization and universities,
research institutes, or even the OEM, will establish a better platform to enhance business competitiveness,
while accessing technical and scientific knowledge.

Data restriction and document control, which may exist in an external coalition strategy, limits
open innovation implementation. Prior to this paper, intellectual properties of original product rights
were restricted by the OEM due to the perception of cannibalization effects on new products and the
uncertainty of remanufactured products by third party enterprises. However, an open innovation
system leads to the approach of innovation in a knowledge management system. An organization can
exploit research institute expertise and universities for the primary purpose of generating, sharing and
knowledge transfer. Furthermore, this paper highlights the importance of the evaluation process; such
as the analysis of financial capability during the early transition process, core management process,
and organization valuation after transition. The main reason for the evaluation process during the
implementation of open innovation is that gathered information benefits the continuous development
of social change impacts according to the external environment, while ensuring the prospective profits
that result from innovation. For the last aspect of open innovation implementation, the establishment
of a healthy organization structure based on internal network and support is required. Yun et al. [86]
found that, based on case studies conducted in Korean small and medium sized enterprises (SMEs),
the approach and government of managerial levels could promote the implementation of open
innovation. Therefore, companies may consider full transition business practice or integration of
existing current business objectives with new business ideas that could be successfully achieved by
joint cross-functional teams. The adoption of this aspect will allow the flexibility implementation and
re-orientation of the internal organization depending on market pathway.

5. Conclusions

Sustainable engineering practice demanding collaboration from different organization and
stakeholders due the differences in perspective. Two case studies were conducted to gain knowledge
and refine the identified 14 sub-elements, which were then categorized into four major transition
elements based on real life engineering practice through interview, site observation, and recording
related information’s. Application of AHP allowed evaluation of prioritized element and sub-elements,
which was done with selected experts in pairwise comparison process. Therefore, the study successfully
identified six prioritized sub-elements for primary elements and secondary elements for the remaining
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weighted sub-elements with necessary actions provided. It was designed for a transition guideline
tool based on the analysis procedure as discussed in Section 4 for development of TDMF. TDMF could
be of benefit to enterprises in analysing the impact-selection actions and gaining the decision-making
knowledge to transition towards remanufacturing automotive parts in Malaysia.

Still, the research has some limitations and required further actions. The limitation of the research
is the involvement of other authority, agency, and industrial players which are involved in repair,
remanufacturing, reconditioning, and recycle. It may also be limited due to confidentiality or time
constraints. Generating individual consistency ratio values of less than 10 percent might be impractical
since it would need iteration procedures. Some respondents might get irritated and give up on
participation. For future study, the comparative study on the suitable application of TDMF for as
start-up remanufacturing company, especially in automotive sector, or the transition of remanufacturing
in other engineering areas such as electric and electronic could be done. Thorough exploration in this
research will benefit knowledge gain for directing remanufacturing status and progress in Malaysia.
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Appendix A

Table A1. Respondent guideline in pairwise comparison survey.

If you consider Element A to be more important than Element B, please respond as follows:

SCALE 1 = EQUAL 3 =MODERATE 5 = STRONG 7 = VERY STRONG 9 = EXTREME

Element
More important Equal More important

Element
9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9

A / B

If you consider Element B to be more important than Element A, please respond as follows:

SCALE 1 = EQUAL 3 =MODERATE 5 = STRONG 7 = VERY STRONG 9 = EXTREME

Element
More important Equal More important

Element
9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9

A / B
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