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Abstract: Product recovery and waste management techniques are in popular demand due to the
increase in awareness on environmentally conscious manufacturing. Once a product, such as an end-of-
life vehicle is received at a recovery facility, it is analyzed to determine its recovery option such as
recycling, reuse or remanufacturing. Disassembly is considered a key step to remove the desired parts
and/or subassemblies. Disassembly is a systematic approach that allows removing a component or a
part, or a group of parts or a subassembly from a product (i.e. partial disassembly); or separating a
product into all of its parts (i.e. complete disassembly) for a given purpose. This paper presents the
result of an initial study on the existing conditions of automotive components reuse and
implementation of disassembly in three local automotive component manufacturers in Malaysia. From
the study, it can be concluded that performing disassembly in an optimized way can help the local
industry enhance recoverability of the end-of-life product.
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INTRODUCTION

Nowadays, we are facing global environmental problems which are waste management and landfill causing
green house effect, deforestation, and energy wasting. The growing public awareness on sustainability issues
is driving many industries to undertake environmentally conscious policies for their product development,
manufacturing, distribution, service and end-of-life management. This includes the growing take-back
legislations in Europe, Australia and Asia that motivates the implementation of product end-of-life options other
than landfill and incineration (Kara, S., 2005). Therefore, environmental sustainability has become the main
item of contest in the automotive industry. The automotive industry is one of the leading industries in the
environmentally conscious manufacturing and product recovery (Amelia, L., 2009). Mathieux et al. (2008)
defined recoverability of a product as its ability to be recovered, i.e. the ability of the product, its components
and the constitutive materials either to be reused, or to be recycled, or to be recovered as energy (Mathieux,
F., 2003). Increasing the level of re-use and remanufacturing will be a key part of moving toward sustainable
vehicle production (Gerrard, J. and M. Kandlikar, 2007). Reuse can be an economically and environmentally
superior end-of-life alternative to material recycling (Kara, S., 2005). In order to enhance the recovery rate of
the vehicle, disassemblability of the automotive components has been a major concern (Amelia, L., 2009;
Desai, A. and A. Mital, 2003). The disassemblability concept evolved from the life cycle engineering concept
where the design for disassembly is one of the strategies in reducing the impact of the product to the
environment (Afrinaldi, F., 2008). Disassembly can be defined as the systematic separation of an assembly into
its components, subassemblies or other groupings (Moore, K.E., 2001; Ilgin, A.M. and S.M. Gupta, 2010).
Disassembly is an important process in material and product recovery since it allows for the selective
separation of desired parts and materials (Ilgin, A.M. and S.M. Gupta, 2010). In the chain of end-of life,
except for landfill and incineration, components of economic value destined for reuse, remanufacture, or
recycling have first to be disassembled (Lambert, A.J.D. and S.M. Gupta, 2005) from the end-of-life vehicles.
Edwards et al. stated that the implementation of ‘Design for Disassembly’ methodologies and environmental
guidelines are aimed at making vehicles less hazardous and easier to dispose of, hence a more environmentally
friendly car to satisfy public interest (Edwards, C., 2006). Therefore, carmakers are taking steps to design for
recycling and for disassembly for the systematic disassembly of automobiles (Steele, J.W., 1998). This paper
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investigates the existing conditions of automotive components reuse and implementation of disassembly in
Malaysia. The study was conducted using a survey questionnaire in three local automotive component
manufacturers.

2.Method:

An accurate survey is one where the questions collect data in a reliable and valid way (SurveyMonkey,).
This case study features three automotive component manufacturers who volunteered as respondents to a
questionnaire study. The questionnaire method was used in this research because questionnaires are very cost
effective, easy to analyze, familiar to most people and reduce bias because the responses are gathered in a
standardised way, so questionnaires are more objective, certainly more so than interviews and generally it is
relatively quick to collect information using a questionnaire (Milne, J., 1999). Therefore, initial understanding
and knowledge of the existing conditions of automotive components reuse and implementation of disassembly
in local automotive component manufacturers in Malaysia will be gained. Company A has managed to carve
a niche in the areas of sheet metal forming, precision machining and components assembly and even design
and fabricate full set of tooling in-house. The company produces and supply automotive part-components such
as damper pulley and automotive steering to the automotive industries. Main products of Company B are air-
conditioning systems of automotive and radiator. Company C is an automotive component manufacturer which
produces engine and transmission components, suspension components, modular products, brake-related
components, and cold drawn bar.

The questionnaire was designed to measure two concepts, current practice with respect to designing
automotive component for ease of reuse and the disassembly process in term of enhancing reusability. These
concepts can be decomposed into the following main questions:

Current practices on reuse in the automotive industry and reuse capability of the respondents

Opinions of respondents regarding the advantages and disadvantages of reuse

Problems faced during disassembly of reusable product

Opinions of respondents regarding finding optimum disassembly sequence

Opinions of respondents regarding constraints for developing automotive components reuse in Malaysia.

A

3.Result and Analysis of Questionnaire:

With regard to the implementation of disassembly process of the respondents, a result in Figure 1 indicates
that only Company A performs disassembly, however the purpose of disassembly is for disposal and not for
recovery.

As shown in Figure 2, Company A and Company B indicated that they do use reuse parts/components
in their new products, however the application is not for automotive products (Figure 3). Company C indicated
that they totally do not implement reuse strategy in their new production for automotive components. Therefore,
figure 3 presents that all the respondents do not use reuse parts/components in their new production for
automotive component.

Figure 4 shows that the percentage of reuse part/components in new product of respondents is very low.
Company A and Company B indicated there is less than 10% of reused part/ component in their new product
and Company C indicated that reused part/ component is not used in their new product.

According to table 1, it can summarised that the advantages of reuse parts/components are as follows: cost
reduction, availability of component guarantee, consumer satisfaction and environmental impact reducing. It
can be observed that 2 companies indicated that cost reduction and environmental impact are important and
another indicated they are very important.

Table 1: Responses to advantages of using reuse part/component

Advantages Not important at all Not so important Important Very important
Reducing cost 0 0 2 1
Ensure the availability of the components 0 1 1 1
Increase consumer satisfaction 0 1 1 1
Reducing environmental impacts 0 0 2 1

As shown in table 2 and table 3, durability and reliability of parts/components are determinant factors for
reuse (Wahab, D.A., 2008; Amelia, L., 2009). Two respondents indicated that they agreed durability is a very
important factor for reuse and one respondents indicated it is an important factor for reuse. Furthermore,
disassemblability of the parts/components can be considered as another factor that enhances reusability.
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Fig. 1: Existence of disassembly process in the company
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Fig. 2: Existence of reuse in new product

No No No
Company A Company B Company C

Fig. 3: Existence of Reuse in new automotive component
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Fig. 4: Percentage of reuse components in new product

Table 2: Responses to the disadvantages of using reuse part/component
Disadvantages Yes No

Difficult to disassembly 2 1

Decrease quality/cause more failure to the product 3 0

Need additional production process 2 1

Table 3: Determinant factors for a successful reuse of parts/components

Advantages Not important at all Not so important Important Very important
Durability 0 0 1 2

Reliability 0 0 2 1

Ease of disassembly 0 1 1 1

Physical and mechanical deterioration 0 2 1 0
Technological obsolescence 0 2 1 0

Figure 5 shows that all three respondents have not developed reuse capabilities in their automotive
products. Besides that, the respondents also indicated that they are not keen in integrating reused
parts/components into new automotive product for fear of customer’s perception on the quality of reused
components/products. The respondents also indicated that they lack knowledge on reuse.

Table 4 and figure 6 present responses of respondents to problems in the implementation of disassembly
for reuse. It can be observed that the main problems respondents commanded are difficult to define the
disassembly level and lack of the designer knowledge on Design for Disassembly (DFD). DFD can be defined
as the consideration of ease of disassembly in a design process (Ilgin, A.M. and S.M. Gupta, 2010).
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Table 4: Problems in the implementation of disassembly for reuse

Problems No. of Responses
Not profitable 0
Difficult to define the disassembly level 1
Difficult to generate the optimal disassembly sequence 0
Lack of designer knowledge on Design for Disassembly 2
m Company A
B CompanyB
m Company C

Fig. 5: Responses regarding existing research and development on reuse
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Fig. 6: Problems in the implementation of disassembly for reuse

Due to the existing problem during implement disassembly for recovery purpose, there are several
techniques and tools are suggested by respondents. Company B prefers applying guidelines of Design for
Disassembly in their product design. Company A and Company C prefers to develop the best sequence for
assembly and disassembly (Table 5 and figure 7). Therefore, generation of optimum disassembly sequence can
be concluded as one of the recommended technique and tool to enhance recovery of the end-of-life product.

Table 5: Techniques and tools used to solve the disassembly problem

Techniques and tools Responses

Apply guidelines and principles of Design for Disassembly 1

Achieve minimum disassembly time 0

Achieve minimum disassembly cost 0

Develop the best sequence for assembly and disassembly 2
o 257
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Fig. 7: Techniques and tools used to solve the disassembly problem

From table 6 and figure 8, it can be observed that geometric shape of the product, movement direction
of the components and the material of the component are the three main factors that will affect disassembly
process, and from table 7, table 8 and figure 9, it can be observed that generation of optimum disassembly
sequence is considered important as it will minimize the cost and total time of disassembly process.
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Table 6: Factors which will affect disassembly process

Advantages Not important at all  Not so important Important Very important
Geometric shape of the product 0 0 1 2
Movement direction of the component 0 1 0 2
The material of the component 0 1 0 2
The types of joint and fastener 0 1 1 1
Disassembly level 0 1 1 1

Table 7: The importance of optimal disassembly sequence
Importance of optimal disassembly sequence Not important at all  Not so important Important Very important
No. of respondents 0 1 1 1

Table 8: Reasons for the generation of optimal disassembly sequence

The reasons of the optimum disassembly sequence is important Responses
To minimize the cost of disassembly 1
To minimize the total time of disassembly 2
To reduce the scrap/damage from the component to be removed 0
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Fig. 9: Reasons for the generation of optimal disassembly sequence

4.Discussion:

All the respondents indicated that they use new parts or components in their new production automotive
component. This indicates that the component-parts reuse into newly manufactured vehicle is not a common
practice in the respondents’ companies. This result is almost similar to the study by Amelia et al. (2009) that
reuse of automotive components in newly manufactured vehicles has never been practiced by the selected
companies. However, there is interest among respondents in the study by Amelia et al. (2009) in developing
automotive components for after-market reuse. Furthermore, the respondents in this study recommended that
generation of optimum disassembly sequence as one of the tool to enhance the recovery purpose of the end-of-
life product. Disassembly sequencing deals with the problem of determining the best order of operations in the
separation of a product into its constituent parts or other groupings (Ilgin, A.M. and S.M. Gupta, 2010; Moore,
K.E., 1998). Various graphical approaches were developed to solve the disassembly sequencing problem. This
is because efficient disassembly requires development of disassembly sequence plans (Gungor, A. and S.M.
Gupta, 1998) and they consider that generation of optimum disassembly sequence can minimize the cost and
total time of disassembly process. Besides that, the respondents agree that the advantages of reuse are reducing
costs, ensure the availability of the components, increase consumer satisfaction and reducing environmental
impacts. These advantages will bring profit to their company and can increase their reputation. Therefore, they
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are encouraged to develop the research in application of reuse in the new automotive component via generate
optimal disassembly sequence for the components because disassemblability of the parts/ components is an
important factor to make them ease to reuse. Consideration of durability and reliability of parts/ components
are also important factors that support reuse which need to be implemented during the design stage.

According to the Ogushi and Kandlikar (2005), automotive components that are currently being
remanufactured and reused include clutches, brake shoes, engine block, starters, alternators, water pumps, and
carburetors (Amelia, L., 2009). However, these components are mostly being reused and remanufactured for
part replacement purposes (Amelia, L., 2009; Seitz, M.A., 2007). Unlike the successful implementation of parts
reuse in the electronic industry such as camera and photocopier, the integration of used parts into newly
manufactured vehicles has yet to be implemented. Therefore, automotive industries and government have
responsibilities to put effort to enable reuse in automotive industries. The automotive manufacturers need to
take the initiative to consider all life cycle requirements in their product design including the end-of-life cycle
requirements. Moreover, an end-of-life vehicles (ELVs) directive is apparently needed and should be established
by the local government in Malaysia to encourage the implementation of product recovery. However, the
National Automotive Policy has not dealt with the environmental impact of the automotive industry
development and directives or legislation on end-of-life vehicles for the automotive industry has not been
established (Amelia, L., 2009).

Therefore, automotive industries need some motivation to implement recovery strategy in their product.
Table 9 presents the summary of motives for product recovery in the automotive industry in the study of Seitz
(2007). There are 2 main categories of motives: motive identified in the literature and new observation for
motives via the interviews conducted across five companies (Seitz, M.A., 2007).

Table 9: Summary of the motives for product recovery in the automotive industry (Seitz, M.A., 2007)

Reasons for Degree of influence  Findings
automotive to induce OEM
remanufacturing engine
remanufacturing
Motives identified Ethical/ moral responsibility — low No emphasis on promoting the eco-friendliness of
in the literature remanufactured products

The green consumer group or 'green marketplace' could
not be identified
"Anti-remanufacturing” attitude of VMs discovered
Legislation Low History of engine remanufacturing is based on other
reasons
ELV Directives does not account for remanufacturing
The research has discovered further, predominant reasons
Directive profitability/ Low High uncertainty in core acquisition: scrap rates
profit maximization Strategy "cleaning market" from cores increases core
prices (competition for core)
Necessity to incorporate expensive new parts
High labor costs
New observations Secure spare parts supply High Decreasing dependency on suppliers with regard to prices
and spare parts availability
Remanufacturing is, in some cases, the only sources
of spare parts
Remanufacturing of phase-out engines is technically and
economically more viable than a reproduction
Balancing engine aftermarket demand through

remanufacturing
Warranty High Important source of under-warranty engines
Market share and High Controlling quality of remanufactured engines
brand protection Building "quality image" for own products by promoting

employee skills and sophisticated equipment
Thorough core collection as universal key to excluding
independents

Customer orientation High Availability of extensive, reasonably priced aftermarket
range, 'just in case'
Vehicle manufacturer takes care of used units
Stock replenishment time reduction

5.Conclusion:

The surveys conducted in three local automotive component manufacturers indicated that component reuse,
which is a part of product recovery, is only for part replacements and not for new vehicles. The rapid growth
of the automotive industry in Malaysia will certainly require an end-of-life vehicles directive to regulate the
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automotive manufacturers in the recovery of their end-of-life vehicles. Reuse benefits could be increased with
the development of disassembly technologies that could minimize disassembly and reassembly cost. It is
therefore necessary to determine the optimal stage of disassembly, when all economically valuable components
are retrieved. The study concludes on a need for effective disassembly in the order to enhance the recovery
of product.
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