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Analyzing Remanufacturability of Mobile Phones
using DEMATEL Approach

Gan Shu San!*

Abstract: The use of mobile phone has increased at a surprisingly high rate over these two
decades. For many people, especially young generations, mobile phone has even become a
primary need. As a consequence, the production of mobile phone has increased significantly and
followed immediately by the dispml_. as a result of its short life-cycle nature. Recently, there are
substantial initiatives proposed in order to mitigate the effect of e-waste to the environment.
Remanufacturing is one of recovery processes m could extend product’s useful life and provide
a circular life-cycle instead of linear. However, there are many factors that can affect the success
of remanufacturing engagement, and specifically remanufacturability of a mobile phone. There
are numerous considerations of remanufacturability with regards to the short life-cycle nature of
mobile phone, and these factors can be qualitative or ql.mitative, with conflicting potentials,
and some of them may be uncertain. In this study, we use Decision Making Trial and Evaluation
Laboratory (DEMATEL) approach to identify the mterrelationship among the factors and
analyze those results to identify the prominent factors. Furthermore, an influential-relation map
is provided to support visualization for managerial implications. The case results show that
innovation-rate and obsolescence are factors that give highest impact while source-of-returns and
pricing are factors that receive highest effects from other factors. Also, acquisition-of-used-
product, pricing, and market-size are dominant factors as they significantly affect and affected by
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others.

Keywords: Remanufacturing; mobile phone; influential-relation map; DEMATEL.

Introduction

The use of mobile phone has increased at a surpri-
singly high rate over these two decades. A study
shows that smartphone users are increasing from
1.31 billion in 2013 to 1.64 billion in 2014 (E-
Marketer [1]). For many people, especially young
generations, mobile phone has even become a pri-
mary need. As a consequence, the production of
mobile phone has increased significantly which
means increased consumption of raw materials from
natural resources, such as energy and metal. It is
also followed immediff@ly by disposal mobile phone
that has reached its end-of-use or end-of-life, as a
result of its short life-cycle nature.ffBcently, there
are substantial initiatives proposed in order to miti-
gate the effect of e-waste to the environment. Rema-
nufacturing is one of recovery processes that could
extend product’s useful life, and provide a circular
life-cycle ififlkad of linear (van Weelden et al. [2]).
However, there are many factors that could affect
the success of remanufacturing engagement, such as
remanufacturing feasibility (Goodall et al. [3]), and
specifically remanufacturability of a mobile phone.
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In the early implementation of remanufacturing,
only durable product with stable technology is
considered suitable for remanufacturing (Ferguson
and Souza [4], Lebreton and Tuma [5], Charter, and
Gray [6], Ostlin et al. [7]). In the development, the
scope [Eemanufacturing 1S getting broader that
covers short life cycle products. Several studies show
that remanufacturing of electronic products and
mobile phones has good potential (Franke et al. [8],
Tong [9], Rathore et al. [10]) and profitable (Xing et
al.[11], Kwak and Kim [12]). Franke et al. [8] claim
that successful remanufacturing of electric and elec-
tronic products, including mobile phone, should con-
sider the nature of short-lifecyele produet, product
design that is not prepared for remanufacturing, and
labor cost in high-wage countries. Wassenhove and
Zikopoulos [13] study the effect of grading and classi-
fication of returned product and use the case of Re-
Cellular, a mobile phone remanufacturer. The re-
sults show that classification accuracy is important
to secure profitability. Nnorom and Osibanjo [14]
explore the prospect of adopting remanufacturing for
electronic product, and use remanufacturing opera-
tion of a mobile phone as illustration. They find that
product design and product obsolescence should be
addressed accordingly. Rathore ef al. [10] investigate
the market demand, whether remanufac d
mobile phone would be accepted by customers. Neto
and Bloemhof [15] study the effectiveness and eco-
efficiency of remanufacturing in personal computer

and mobile phone industries. They find that WTP of
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remanufactured product, an@@@nsequently their eco-
efficiency, are dependent on price of its new prof@t
counterpart at launch and the time between new
product launch and remanufacturing. Also, the sale
price of remanufactured product i1s lower relative to
the new one. Focusing on circular consumption, van
Weelden et [2] investigate Dutch market's
acceptance of refurbished mobile phone. The results
show that the level of awareness and unde ding
of refurbished product is low, and there is negative
trade-off between perceived risks and benefits.
Mugge et al. [16] show that customers purchase
intention for refurbished smartphone is positively
influenced by perceived environmental benefits and
awareness of refurbishing. Furthermore, the driver
for purchasing are product related, such as upgraded
performance, guaranteed softwa dates. Phan-
tratanamongkol et al. [17] study the price-volume
relationship for new and re actured smart-
phones via online channel i.e. eBay UK and eBay
US. The results show that remanufactured smart-
phones have higher potential for profitability, which
show the importance of choosing the right market
channel. Gurita et al. [18] shows that the potential
for reusefremanufacturing mobile phone and smart-
phone is quite high in Germany market, but there
are challenges in low collection rate and customers’
attitude towards remanufactured mobile phone.

The above studies show that there are numerous
considerations of remanufacturability with regards
to the short life-cycle nature of mobile phone, and
these factors can be qualitative or quantitative, with
conflicting potentials, and some of them may be un-
certain. Therefore, it is important to analyze these
factors to find prominent factors and interrelation-
ship among factors. Several studies have been
conducted to analyze factors that influence remanu-
faturability, but not for short life-cycle product, but
rather for automotive sector (D’Adamo and Rosa
[19], Chaowanapong [20], Xia et al. [21]) or for
general industry (Goodall et al. [3], Bhatia and
Srivastava [22], Sharma et al. [23], Wei et al. [24]).
This paper aims to explore factors that influence the
remanufacturability of mobile phone and analyze
those factors using DEMATEL approach, which will
be useful for manufacturer in making decision to
engage in remanufacturing. This approach is selec-
ted because DEMATEL is considered as an effective
approach to identify all intertwined cause-effect of
many factors, as occurred in this problem.

Methods

Decision Criteria for Remanufacturability of

&bile Phone

There are numerous studies that discuss factors that
influence remanufacturability of a product. Based on
a literature review, factors that are relevant to short
life-cycle products, especially mobile phone, are

collected. We also expand our literature study to
include the specific characteristics of remanu-
facturing a short life-cycle product. The factors are
then categorized into four groups, consistent with
Gan el al. [25,26), which are:

Product Characteristics

Mobile phone is typically a short life-cycle product
which has specific characteristics due to its fast-
obsolete nature. Remanufacturability of such pro-
duct is influenced by how fast the technology inno-
vation is. The faster the technology changes the
lower wviability for remanufacturing (Ferguson and
Souza [4], Souza [27]). Product with short life-cyele is
also susceptible to the duration of use by the first
customer, which is labelled as residence time (Debo
et al. [28]), before it is collected as a core for recovery
process. The longer the residence time, the lower the
potential for suceessful remanufacturing (Debo et al.
[29]). Used product often retain residual value even
after reaching its end-of-use. The lower the residual
value, the higher opportunity for voluntary take
back even in the absence of le@fregulation (Franke
et al. [8]). On the other hand, high residual value is
associated with first-class recovery option such as
remanufacturing (Gobbi [30]) and serves as enabler
for remanufacturing operation (Chakraborty [31]).
Technology chsolescence also plays an important role
in remanufacturing (Nnorom and Osibanjo [14]).
Customers are concerned about the risk of mobile
phone being obsolete quickly (Bhatia and Srivastava
[22], Deshpande [32]) and fast emerging new models
can drive the obsolescence even faster (Gurita [18]).
From the above discussion, we derive four factors i.e.
F1: Innovation rate

F'2: Residence time

['3: Product residual value

F4: Obsolescence

Process-related factors

Implementation of remanufacturing involves not
only the technology in the production phase, of the
new product, but it goes beyond the manufacturing
process. After a used mobile phone is collected, it
needs to go through five stages (Steinhilper [33],
Tanoto et al. [34]) which are disassembly, cleaning,
inspection and sorting, recondition, and reassembly.
The technology needed to perform these stages
sometimes are not the same as technology used in
the production stage. The absence of remanufac-
turing technology can be a barrier to remanufac-
turing implementation (Ravi and Shankar [35]), and
consequently the availability of advanced rema-
nufacturing technology would be an enabler
(Chakraborty et al. [31]). Remanufacturing cost is an
important issue in remanufacturing (Franke ef al.
[8], Lund and Hauser [36], Souza [37]) which is one

of the important aspect in making decision to enter
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Table 1. Summary of decision criteria for remanufacturability of mobile phone

Category Decision Criterion Description Reference
F'1: Innavation rate Rapid innovation in mobile phone makes [41127]
remanufacturing more challenging because the
technology might change
["2: Residence time The longer the of residence time reflected the lower [23](29]
Product .
Characteristic ) value of a _short_. hfc-cycl(_r product _
["3: Product residual value Product with higher residual value has higher [8][30][31]
potential for remanufacturing
[4: Obsolescence When product becomes obsolete quickly, [14][18][22][32]
remanufacturing becomes less viable
I"5: Remanufacturing Availability of remanufacturing technology [31][33][34][35]
technology increases remanufacturing potential
Process-related F6: Remanufacturing cost Rcmanufactuz.'ing potc_ntia_l ir_mrcases when [4][8][36][37] [38]
factors mmfmufszu:turmg(mt is within acceptable range )
F7: Reverse flow structure  Availability of reverse flow structure (or whether it [38][39][40]
is easy to develop) increases the viability of
remanufacturing
[8: Source of returns Remanufacturability is higher when returns are [13][39][41]
" sufficiently available, quantitatively and
Supply-related o
factors L qualitatively L )
F9: Aequisition of used Remanufacturing is more viable when used product [18][31][41]
products is easy to obtain
110: Market size Successful remanufacturing depends on the [4] [10][15][37]
availability of demand with sufficient size [40][42][43]
['11: Market channel Remanufactured product needs to be offered via [4](16])[17][37]
Demand-related different channel
factors ['12: Pricing Pricing decision that is attractive and feasible could [4][15][26](29]
increase remanufacturing viability [3T][44][45][46] [47][48]
["13: Green segment [ixistence of green segment supports [16][46][49]

remanufacturability

remanufacturing (Ferguson and Souza [4]). It also
be a driver of change because disposal and material
cost could be quite large for firms up in the value
chain and remanufacturing cost could be lower
(Ayres et al. [38]). Successful remanufacturing opera-
tions are also influenced by the reverse flow strue-
ture that involves the quality, timing, and quantity
of returns (Lebreton [39)), as well as the right acqui-
sition price (Vasudevan et al. [40]). Also, sufficient
reverse flow are needed in terms of type of agree-
ment between customer and manufacturer, environ-
ment legislation, cultural factors, and manufac-
turer's incentives (Ayres et al. [38]). Therefore, the
following factors are included in this study, i.e.

F'5: Remanufacturing technology

F'6: Remanufacturing cost

F7: Reverse flow structure

Supply-related factors

Product return or core is the main raw material in
remanufacturing process, and it also plays an impor-
tant role in successful remanufacturing. The availa-
bility of returns and their known quality are signi-
ficant to remanufacturing (van Wassenhove and
Zikopoulos [13]), and can be guaranteed by means of
leasing program as well as by developing a supply
planning (Lebreton [39]). In the E¥erse flow, there
are two approaches found ie. waste stream and

market-driven stream (Guide and van Wassenhove
[41]). Under the waste stream, manufacturer is pas-
sively ive returns and unable to control the
quality. On the other hand, under the market-driven
stream, manufacturer offers financial incentives to
customers provided a certain quality level of used
product. The latter approach has better potential to
support remanufacturing practices because the
quality of returns is more controllable. Acquisition of
used product is affecting the supply of cores for
remanufacturing operations. There are several
Issues in acquisition le. uncertainty in quality and
quantity of used product (Gurita [18]), and uncer-
tainty in acquisition time (Chakraborty et al. [31]).
Optimal acquisition price is needed to make sure
sufficient supply and profitability (Guide and van
Wassenhove [41]). Therefore, we propose the follow-
ing factors:

I"8: Source of returns

F'9: Aequuisition of used products

Demand-related factors

Remanufactured prdZ3kt can be perceived to have
lower quality and be inferior compared to new
product, and therefore customers’ willingness to pay
is lower (Souza [37], Agrawal ef al.[42]), and it also
applied to mobile phone (Neto and Bloemhof [15]).
Before manufacturer decides to engage in remanu-
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facturing, there are several significant conside-
rations, which are markel size (Rathore et al.[10],
Thierry ef al. [43]), market channel, and pricing
(Ferguson and Souza [4], Souza [37]). Remanufac-
turing strategies are also determined by market
demand of remanufactured product and availability
of used product (Vasudevan [40]). The presence of
market channel designated for remanufactured
product 1s also important for remanufacturing
implementation (Phantratanamongkol et al. [17],
Lebreton [39]) because typically high-end customers
would not be interested in remanufactured product
but instead low-end customers afelBeen to buy this
product at affordable price (Gan et al. [26], Debo et
al. [29], Gan et al. [44]). The marketing of remanu-
factured product is also determined by pricing deci-
sion (Neto and Bloemhof [15]), as it could eand the
market size and maximize profit (Guide et al.[45],
Atasu et al. [46], Ovchinnikov [47], Qiaclun et al.
[48]). Furthermore, the existence of green segment
could also influence remanufacturability (Mugge et
al. [16]) as this segment provides a significant
marketing opportunity (Atasu el al. [46], Subrama-
nian ef al. [49]). There are four factors extracted from
the above discussion:

F10: Market size

I'11: Market channel

12: Pricing

F'13: Green segment

Decision-Making Trial and Evaluation Labora-
tory (DEMATEL) Method

The Geneva Research Centre of the Battell@lemo-
rial Institute was the first that developed Decision
making trial and evaluation laboratory (DEMATIEL)
technique. The Elirpose was to visualize and analyze
the structure of cause and effect relationships among
several factors in a system. This technique can be
implemented to find interdependence among factors
and further develop an impact-relation map Eht
shows relative relationships within the factors. It can
be used for studying and solving comf@3x and
intertwined problems. Furthermore, it finds the
prominent factors of a complex structure system
based on the impact-relation diagram (Si et al. [50],
Falatoonitoosi et al. [51]).

There are four formulating steps for implementing

DEMATEL

Construct the direct-relation matrix (DRM) from n
factors (F,,F,,..,F,} in a system and m ef¥rts
{E\, E3, ..., Eyy } in the decision group who are asked
to determine the direct influence of F; towards F;
using integer scale. For ex@&ple, using 5 points with
“0" for no influence, “1" for low influence, “2" for
medium nfluence, “3” for high influence, and finally
“4" for very high influence. Then the individual DRM

is formed for each expert, Z, = [zf‘;]uxn, where zfj-
represents k" expert’s judgment regarding the level
of influence F; towards F;. By combining m experts
decisions, the group DRM can be obtained by

—Yym Lk . i
2y =—Ykmzy 5 Lj=12,..n

Normalize DRM to obtain X, i.e. normalized group
DREM

XZE_:

s
where

n n
(@S
j=1 i=1

Generate the total-relation-matrix (TRM) T =
|t,- }-J“m, using the normalized DRM by aggregating
direct and indirect effects as follows

T=X+X+X3+ - +X"=X(I-X)"' when h->

Develop the influential-relation map M) from
vectors i and C, vectors that consist of sum of rows
and col s of matrix T, respectively, i.e.
R = [rilpsa = IE}L; Lij |Tl><1
€ =gl m = [Zatyl . 8

1
Hence, [1i];x; is the total effect, which is the sum of
the direct and indirect effects, conveyed by factor F;
to other factors. Similarly, [d 1 18 the total effect
that factor F; received from other factors. When i =
j, and i,j€ {12 ..,n}, (e vector (R+C)
demonstrates the degree of importance of a factor in
the system. It shows the intensity of the effect
dispatched and received by [@at factor. This is called
“Prominence’, which plays an important role in the
decision-making procesgil The relative effect of a
factor shown by (R — €)% called “Relation”, and this
is the net effect of a factor contributed to the system.
Positive net effect (r; —¢;) represents an active
influence given by factor F; to others, while negative
net effect shows that F; is receiving influence from
other factors. [Factors with positive relation is
gathered into cause group, while the other into effect
group. Furthermore, the dataset (R +C,R—C) is
mapped to produce IRM.

Case Illustration

The analysis of remanufacturability of a mobile
phone is done based on decision criteria or factors
extracted from literature study as shown in section
A. These factors are then discussed with experts
from mobile phone manufacturing firms and
confirmed as the influencing factors. For analyzing
cause effects of these factors by means of
DEMATEL, experts are needed to judge the direct
relationship among factors.
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Table 2. Dimc't-rﬁtjon-matrix of Expert 1

Criteria F1 F2 F3 F4 F5 6 F7 F8 F9 F10  F11 F12 F13
F1 0 3 3 4 4 3 1 3 2 3 2 3 3
F2 0 0 4 3 0 1 2 4 4 3 0 2 0
F3 1 3 0 2 0 2 0 4 4 0 0 3 0
F4a 2 4 4 0 3 2 1 3 3 2 1 2 2
3 0 0 1 0 4 0 0 0 3 0 3 1
F6 0 0 0 0 0 0 0 0 0 1 0 4 2
F7 0 0 2 0 0 4 0 3 4 0 0 4 2
F8 0 0 1 0 0 3 3 0 3 0 0 E] 1
1 G¢) 0 4 3 1 0 3 3 4 0 1 2 3 2
Fi10 4 3 2 2 3 1 3 3 3 0 4 4 2
F11 0 1 1 0 0 0 3 1 1 3 0 4 4
F12 1 1 1 0 0 0 1 1 1 1 3 0 3
Fi13 2 0 0 0 0 1 3 3 4 4 4 0

0O=no influence, 1=low influence, 2=medium influence, 3=high influence, 4=very high influence
Table 3. Direct-relation-matrix of Expert 2

Criteria F1 F2 3 4 F5 F6 F7 F8 F9 F10  F11 F12 F13
F1 0 2 1 3 3 2 1 3 1 4 2 4 2
F2 0 0 4 1 0 0 1 4 4 3 0 1] 0
F3 0 4 0 1 0 3 0 | 4 0 0 3 0
4 2 4 3 0 3 2 1 3 2 2 1 2 1
3 0 1 1 0 4 0 0 1 2 0 3 0
6 0 0 0 0 0 0 0 0 0 1 0 1 2
F7 0 0 1 0 0 4 0 3 4 0 0 3 1
I8 0 0 1 0 0 1 3 0 3 0 0 2 0
Fo 0 4 3 1 0 3 3 1 0 1 2 3 0
F10 4 3 2 2 2 1 3 3 3 0 4 4 2
F11 0 0 0 0 0 0 2 1 1 4 0 4 3
F12 0 1 0 0 0 0 0 0 0 4 4 0 4

F13 1 3 0 0 0 0 0 4 4 4 4 4 0

0=no influence, 1=low influence, 2=medium influence, 3=high influence, 4=very high influence

Experts could be academic members or practitioners
who have significant working experience and exper-
tise in mobile phone manufacturing, or reverse
logistics, or technical aspects of remanufacturing, or
managerial aspects of refurbished/ remanufacturing
mobile phone. Since mobile phone remanufacturing
has not been implemented in Indonesia, it is very
difficult to such experts. To illustrate the decision-
making process, we use an example where three
experts involved. The number of experts is limited to
small size because there are limited mobile phone
manufacturers and remanufacturing practitioners,
hence very limited chance to get potential experts.
Bhatia and Srivastava [22] and Lee et al. [52] show
that DEMATEL approach can be implemented with
limited number of experts, like three experts in [22]
that provided robust results and not very dependent
on number of experts. In this case illustration, there
are three experts with different characteristics,
reflected in the individual DRM, which are optimis-
tic to remanufacturability of mobile phone, extreme
in giving evaluation, and being indifferent. After
obtaining DRM that shows the interrelationships
among factors, we proceed with the DEMATEL
approach described in section B to develop IRM. The
analysis of IRM provides four quadrants to show

37

core factors or intertwined givers, driving factors or
autonomous givers, independent factors or auto-
nomous receivers, and impact factors or intertwined
receivers (Si ef al.[50]). Managerial insights are then
provided based on these results to understand the
interrelationships among factors and prominf@l
factors in mobile phone remanufacturing. An
mfluential-relation map is provided to visualize the
causal effect relations.

Results and Discussions

BB ect relation matrix is prepared using 5 point scale
0 — 4 where “0" = no mfluence, “1” = low influence,
“2'= medium influence, “3'= high influence, and
finally “4"= very high influence. This case uses
lustration of three experts to show relationships
among 13 factors as decision ecriteria for
remanufacturability of mobile phone. Table 2-4
shows the responses of each expert, Table 5 shows
the total-relation matrix.

The aggregated effect pair values for each decision
criteria as shown[fE} Table 6 are mapped to
“Prominence”, i.e. (R + C), as the horizontal axis,
and “Relation”, i.e. (R — C), as the vertical axis. The
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Table 4. Direct-relation-matrix of Expert 3

Cxﬂria F1 F2 3 4 F5 16 F7 8 9 F10_ F11 Fi2 F13
Fl 0 1 2 4 3 3 1 2 2 2 2 2 2
F2 0 0 3 4 0 1 1 3 3 3 0 1 0
F3 1 3 0 2 0 2 0 4 4 0 0 3 0
F4 1 3 4 0 2 2 1 4 3 2 1 1 2
F5 2 0 0 0 0 4 0 0 0 3 0 1 1
F6 0 0 0 0 0 0 0 0 0 1 0 3 2
7 0 0 1 0 0 4 0 3 4 0 0 3 1
F8 0 0 1 0 0 3 3 0 3 0 0 4 0
2] 0 3 4 1 0 2 3 4 0 1 2 3 1
F10 3 4 1 1 3 1 3 3 3 0 4 4 3
F11 0 1 0 0 0 0 2 1 1 3 0 1 1
F12 1 3 3 0 0 0 2 2 2 4 3 0 3
F13 3 1 1 0 0 1 3 3 3 3 3 0

0O=no influence, 1=low influence, 2=medium influence, 3=high influence, 4=very high influence

Table 5. Total-relation-matrix

C:Bria Fl F2 F3 F4 F5 6 F7 F8 F9 F10  F11 F12 F13

1] 004 013 012 013 012 014 009 017 014 016 012 0.21 0.13
F2 002 006 015 010 002 008 009 018 017 012 004 0.12 0.04
F3 003 013 005 007 001 011 005 017 016 005 004 0.15 0.04
F4 007 016 016 004 009 013 009 018 016 012 008 0.16 0.10
F5 009 004 004 004 002 014 003 005 005 012 004 0.15 0.06
F6 001 o002 o001 001 001 001 002 002 002 005 003 013 0.07
07| 001 004 007 00L 000 014 004 013 015 004 003 015 0.07
F8 001 003 005 001 000 012 010 004 012 003 003 013 0.04
F9 00z 015 014 005 001 013 013 019 009 009 009 018 0.08
F10 013 017 012 009 010 011 015 019 019 010 018 0.25 0.14
F11 003 007 005 002 001 004 010 009 009 014 005 018 0.14
F12 004 010 008 003 002 004 007 010 010 016 014 0.09 0.13
F13 006 013 007 004 002 006 008 017 017 017 015  0.20 0.06

diagram is divided@hto four quadrants (see Figure
1), based on mean value of (R + Cm'hich is 2.33, as
the vertical divisor, and mean value of (R —C),
which is 0, as the horizontal divisor. Each pair
values of decision criteria will fall into one of the
quadrant and the overall plot provides a visualiza-
tion of causal relationship among factors and assists
decision malkers in identifying the important factors
for further actions.

Figure 1 shows the influential-relation map with
prominence causal relationship as the result of table-
relation-matrix (Table 5) and prominence-relation
values (Table 6). It shows that innovation rate (F'1),
obsolescence (F4), market size (F10), remanufac-
turing technology (I'5), and green segment (I'13) are
in causal group since (R —C)> 0. They impact
other factors and therefore should be given
considerable attention. The highest impacts are
innovation rate (F1) and obsolescence (F4). This 1s
understandable since mobile phone is a short life-
cycle product that is sensitive to rapid change in
technology. Customers might have concerns with
remanufactured mobile phone as they might get
obsolete quickly and the new generation or new
models is emerging in the market, hence could
influence the quantity of demand. Therefore,

managers of manufacturing firm should select care-
fully which product that is suitable for remanufac-
turing. For example, high-end mobile phone with
prominent brand could be interesting because the
remanufactured product price will be more affor-
dable. On the other hand, reverse flow structure
(F7), acqusition of used product (F9), remanufac-
turing cost (I'6), source of returns (F8), and pricing
(F12) are in effect group with negative (R — C). They
are influenced by other factors and could indirectly
improve the system when their causal factors are
improved.

Observing prominence value from Table 6, the
results show that acquisition of used product (F9),
pricing (F12), and market size (F10) are dominant
factors as they significantly affect and affected by
others. This is consistent with Bhatia [22] where
acquisition of used product is one of the most
prominent barrier. Therefore, managers need to take
immediate actions to treat these factors in order to
improve remanufacturability of mobile phone.
Managers could adopt market-driven stream (Guide
and van Wassenhove [41]) with interesting acqui-
sition price to attract consumers in returning used
product with determined quality level. Pricing
decision is also a central eriterion, which is shown by

38
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Table 6. Prominence-relation for each decision criteria

Criteria R C  R+C R-C
F1: Innovation rate 1.70 058 228 112
I'2: Residence time 1.20 1.24 243 -0.04
F3: Produet residual value 106 1.12 218 -006
I*4; Obsolescence 154 063 218 091
Fa: Remanufacturing
technology 088 043 131 045
I'6: Remanufacturing cost 042 124 166 -0.83
I'T7: Reverse flow structure 089 104 193 014
F8: Source of returns 072 168 240 -096
I*9: Aequisition of used products 1.34 1.61 295 -0.27
F10: Market size 192 136 328 056
F11: Market channel 101 1.01 203 0,00
I¥12: Pricing .10 210 3.20 -1.00
F13: Green segment 139 112 251 0.28
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Figure 1. Prominence causal-effect diagram

vast range of research, relevant to remanufactu-
rability of mobile phone. Managers need to decide
optimal price for remanufactured product to maxi-
mize profit. Market size is the most prominent
factor, since it affects many other factors. Managers
should take actions to increase market size, such as
educating customers to appreciate the benefits of
using remanufactured product to the environment
and society (Wahjudi et al.[53]), promoting the
quality of remanufactured product by means of
warranty (Gan and Pujawan [54]).

Figure 1 also shows that market size (F10) and
green segment (I13) are in the first quadrant which
means they are core factors or intertwined givers.
Market size (F10) is the most important as it
influence others and highly related to other factors,
and therefore should be given the utmost attention
by managers. Innovation rate (F'1), obsolescence
(F4), and remanufacturing techfBlogy (F5) are
located in the second quadrant i.e. driving factors or
autonomous givers as they have low prominence by
high relation. Chaowanapong [20] also found that
product maturity which is characterized by the
speed of technological innovation and product's life.
Remanufacturing cost (F6) and reverse flow struc-
ture (F7) are in third quadrant, which shows that
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they are relatively detached from the system with
low prominence and low relation with other factors,
Source of return (F8) anfllpricing (F12) are placed in
fourth quadrant which are called impact factors or
mtertwined receivers. They have high prominence
but easily influenced by other factors. Therefore,
these factors should not be treated individually but
rather in conjunction with the affecting factors.

Conclusion

This paper studies factors that affecting remanu-
facturability of mobile phone. The decision criteria
are determined from literature study. There are
thirteen criteria extracted from the literature, and
categorized into four groups i.e. product charac-
teristics, process-related factors, supply-related fac-
tors, and demand-related factors. The analysis is
done by applying DEMATEL approach. We use case
llustration with three experts with three different
characteristics i.e. optimistic, extreme, and indiffe-
rent. The results show which factors are in causal
group and in effect group. Also, the prominence
factors are identified and followed by relevant
managerial insights. Furthermore, the factors are
plotted into influential-relation map with four
quadrants to show which ones are core factors,
driving factors, detached from the system, and
impact factors. From this map, managers could take
relevant actions accordingly.

There are limitations to this study. First, mobile
phone remanufacturing is not found in Indonesia.
There are refurbished mobile phones sold here but
they are imported from other countries such as
Singapore and Korea, not remanufactured in
Indonesia. Further study can be carried out by doing
joint research with researcher from other country
where mobile phone remanufacturing is imple-
mented, such as United States of America, Japan,
and China. The research partner can provide access
to experts with experience and expertise in mobile
phone remanufacturing. Second, in this study, the
expert evaluation is considered deterministic even
though in reality they are quite uncertain. Therefore,
future research can be extended to use fuzzy
DEMATEL which accommodates this uncertainty.
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