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Abstract. This paper aims to identify differences between disassembly for three product recovery methods: 
remanufacturing, recycling, and repair. Existing studies focus on disassembly differences for the three recovery 
methods from technical perspective only; those studies focus on the level of disassem bly and the method of 
disassem bly. This study covers various aspects of disassembly such as knowledge of worker, value of the materials, 
and interplays with other processes in product recovery. As many as seven products were used as case studies were 
undertaken to identify differences of disassem bly for three recovery methods. At the end of the paper, managerial 
implications are presented.  

1. Introduction  

Remanufacturing falls under the major theme of 
sustainable manufacturing, which has received 
considerable attention in recent years. There is a growing 
trend within government bodies, such as European Union 
Directives, Waste Electrical and Electronic Equipment 
(WEEE), Kyoto Protocol and End-of-Life Vehicles (ELV) 
in favour of adopting more environmentally friendly 
manufacturing practices and regulations. Economic 
analysis has shown remanufacturing to be a prospective 
business [1] and it is environmentally friendly from an 
ecological perspective [2]. This is because 
remanufacturing is not only viewed as an effective way to 
minimise d iscarded waste, but also as part of a company’s 
manufacturing and marketing strategy [3]. 

In terms of product types, automotive products are the 
most common [3], but other product types, such as 
photocopiers [8, 11, 12], forklift trucks [7], toner cart ridge 
[7] and telecommunication devices [7, 14] are all gaining 
in popularity. This evidence indicates that 
remanufacturing has spread widely across many countries 
and product types. 

This significant increase in attention towards 
remanufacturing practices suggests that more studies in 
this area are badly needed. Such a study would contribute 
to a better understanding of remanufacturing, which 
would in turn lead to more economically feasib le and 
environmentally friendly manufacturing practices. This 
research aims to fill this particular need by investigating 
how disassembly for remanufacturing process is different 
from that of other recovery methods.  

Through the better understanding of the disassembly 
process, remanufacturing performance can be improved 
by minimising uncertainties [10], with disassembly being 

one of the main causes. Equally important are the 
uncertainties that result from d isassembly and how these 
affect other processes in remanufacturing. As a result, 
better-managed disassembly  will lead to more 
economically efficient remanufacturing operations.  

Disassembly is a critical element of product recovery 
activities, as it is the key link that connects product return 
with product recovery, and a prerequisite for some 
processes [11]. Disassembly is a prerequisite fo r 
reprocessing and re-machin ing because the processes 
cannot be carried out whilst the components are still 
embedded in the products. In other processes, for example 
cleaning and testing, the components do not have to be 
entirely disassembled from the products; however, partial 
disassembly may still be necessary. 

In this case, products must be disassembled to a 
certain level in  order to give access to certain components 
so that cleaning and testing can be carried out. Without 
disassembly it may not be possible for other processes in 
remanufacturing to be undertaken, which would mean the 
products could not be remanufactured.  

Disassembly is also the main gateway of informat ion, 
where many data that is related to the remanufacturing 
operations originates [17, 18]. Information is valuable in 
order to min imise any uncertainties in activities that are 
related to remanufacture, such as purchasing new parts, 
inventory management and production planning, and 
scheduling [19–21]. The importance of informat ion from 
disassembly increases when remanufacturers deal with 
complex products [14]. 

Uncertainties that arise on the disassembly shop floor 
can affect other processes in remanufacturing. During 
disassembly, not all of the parts can be recovered. It  is 
rare to achieve fu ll recovery rates, so there is an increase 
in the need for new parts [13]. As disassembly is cited as 
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the main source of parts during reassembly [16] and 
availability of parts is the most costly operation in 
remanufacturing [17].  

Based on the significance of successful disassembly 
demonstrated above, the overall remanufacturing  process 
can be enhanced by improving disassembly. Hammond et 
al. [17] state in their survey report that disassembly is one 
of the most serious problems found in remanufacturing 
and, therefore, improving disassembly could improve 
overall remanufacturing processes. The ability to manage 
disassembly is the key to success for remanufacturers 
because it affects several other parameters, including lead 
times, price, delivery and quality [18].  

There has been an abundance of research conducted 
regarding disassembly that concentrates on product 
disassembly as the focus of the investigation [19]. Many 
of the studies that investigate disassembly do not mention 
the ultimate purpose of product recovery from 
disassembly. The final purpose of disassembly is 
important because disassembly for remanufacturing is 
different from that of other recovery methods. The output 
of remanufacturing should be able to offer quality 
performance at the same level, or h igher, than the new 
condition, whereas other recovery methods do not offer 
such a performance specification [22, 27]. Therefore, the 
relevant research question is as follow: How does 
disassembly for remanufacturing differs from that of other 
recovery methods? 

The remainder of this paper is organised into 3 
sections. Next  section describes the method used to 
conduct this study. Section 3 d iscusses the findings and 
analysis. Existing studies in this topic are also discussed 
in the section. Section 4, last section, summarises the key 
findings of this paper. 

2. Method  

This study adopt inductive approach to analyse 
disassembly for different recovery methods. Also, 
multip le case study method was selected to allow 
researcher undertake within and cross case analysis [22] 
as well as direct and indirect replication logic [23]. 
Interview, observation, and ompany visits were conducted 
to collect data. In  the company visits there were 
observations, interviews, document checks and discussion. 
Four companies that reproses various products 
participated in this study. In total there are 7 product types 
investigated in this study, including gearbox, clutches, jet 
engine, car engine, photocopier, truck engine, and heavy 
equipment.  

3 Findings and Analysis 

3.1 Existing concepts in disassembly 

Several studies examine the differences between 
disassembly for remanufacturing and that for other 
recovery methods; these are presented in Table 1. 
 

Table 1. Output and disassembly level differences across 
various end-of-life strategies 

End-of-life 
strategies Disassembly level References 

Remanufacturing Total disassembly  [21]  
Recycling Total disassembly  [21] 
Repairing Partial disassembly  [22, 27, 28] 

Reconditioning Partial disassembly [22, 27] 
Source: adapted from [3] 

 
From the perspective of the new process model o f 

disassembly that use a comprehensive perspective [11], 
the above table has several drawbacks. First, the 
differences highlighted focus on level of d isassembly only, 
which is related to 'hard’ factors. By contrast, ‘soft’ 
factors, such as data and information about products, 
skills of employes, as well as an economic consideration 
of disassembly, are not discussed [25].  

The differences above also ignore the suggestion by 
existing literature that disassembly can  be improved using 
early informat ion. For example, the development of 
embedded devices can provide data that can be used to 
support disassembly [29, 30]. Such technology can assist 
in reducing the amount of work involved in the process 
and, consequently, remanufacturers can carry out 
disassembly more efficiently [26]. In addition, from a 
strategic perspective, developing organisational 
relationship with OEMs would be helpful in obtaining 
product specifications [3], [28]. These specifications are 
useful as they assist remanufacturers in preparing a 
facility to carry out disassembly. 

Second, the studies detailed above assume that 
disassembly is an independent activity, ignoring the fact 
that disassembly in remanufacturing is related to other 
processes. Coordination with other processes, such as 
material requirement planning (MRP), bill of material 
(BOM) and purchase of new parts should also be 
considered [29].  

Further adding to the complexity of discussion is 
differences between the work content, warranty and 
quality of output in a remanufacturing context compared 
to disassembly for repair, reconditioning or recycling [24]. 
The differences between the three recovery methods, in 
terms of these parameters, are presented graphically in 
Figure 1. If highlighted, these differences can aid a better 
understanding of how disassembly for the three recovery 
methods is not identical. 

 

 
 
Figure 1. Hierarchy of secondary production processes 

Work content 

Source: [34]  
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3.2 Comparing disassembly for remanufacturing 
and recycling 

When distinguishing the differences between disassembly 
for remanufacturing and disassembly for recycling, it  is 
important to stress the sources of the recovered value of 
the cores. The recovered value of cores comes from two 
sources: (1) the materials used to make the components, 
and (2) the manufacturing process which made the 
components. These two sources of recovered value differ 
in importance between remanufacturing and recycling. In 
remanufacturing, both sources of recovered value are 
important, whilst in recycling, only the value that derives 
from materials is considered. 

Table 2. Differences between disassembly for remanufacturing 
and recycling. 

No. Issue Remanu-
facturing Recycling 

1. Method to 
disassemble. 

Destructive 
disassembly is 
not allowed. 

Both destructive 
and non-
destructive 
methods are 
possible. 

2. Priority to 
recover. 

Consider both 
the value that 
comes from the 
manufacturing 
process and the 
materials to 
make the 
products. 

Only considers the 
value of materials 
to make the 
products. 

3. Coordination 
of 
disassembly 
with BOM 
and MRP 

There needs to 
be coordination 
with BOM and 
MRP. 

There is no need 
for any kind of 
coordination, as 
the disassembled 
components are 
going to be melted 
into materials, not 
to be reassembled. 

 
In recycling, companies attempt to recover the value 

from materials, regard less of how h igh the potential value 
from the manufacturing process is. As the condition of the 
components is irrelevant, the destructive method is 
allowed in recycling. Components made from materials 
with  higher value will be g iven prio rity. Two components 
that are made from the same materials would be treated in 
the same way during disassembly, even if the residual 
value of one component was higher than the other, for 
example if one of the components had a higher value due 
to a more complex manufacturing process, complex 
product structure or rare component.  

In remanufacturing, however, both sources of 
recovered value are considered. For this reason, 
components made from less expensive materials might be 
given priority, rather than components that are made from 
more expensive materials. This is because the former has 
undergone complex production processes that make the 
residual value higher compared to the latter one. It is the 
shape of the components that makes the residual value 
high, not the materials used to make them. Furthermore, 
disassembly in recycling does not produce information 
about the recovery rates of components and it does not 

require the forecasting of new parts. The summary of all 
the differences is presented in Table 2.  

3.3 Comparing disassembly for remanufacturing 
and repairing 

As there is a need to ensure that the output of 
remanufacturing is equal to, or higher than, the new ones 
[22, 33, 34], compulsory disassembly has to be 
undertaken. This occurs because there are parts that must 
be replaced with new ones, regardless of the condition, in 
order to comply  with legislation requirements, OEM 
standards or company policies. Parts are replaced because 
they have been identified as being typically worn out, a 
potential risk to the user, or have a limited amount of life 
remain ing. In some circumstances, the parts are not 
necessarily rep laced with new ones, but all the parts 
should be tested in order to ensure that they meet 
acceptable quality standards. In th is case, the parts still 
have to be disassembled.  

On the other hand, repairing that aims to bring back 
the functionality of products  [22, 27] does not require any 
compulsory disassembly. Components are disassembled 
only if they are related to the fault of the products. There 
is no leg islation, company policy or OEM standards that 
requires specific components to be replaced with new 
ones. Used components can be reinstalled in the products, 
provided that they function normally.  

From an  economic perspective, compulsory 
disassembly, which is found in remanufacturing, is not 
efficient, since remanufacturers have to carry  out 
disassembles which are not always necessary [35, 36]. 
Even components whose conditions are almost equal to 
new ones have to undergo disassembly. As a result, there 
might be unnecessary activities conducted by 
remanufacturers. In  contrast, when it  comes to repairing, 
components are only disassembled when it is necessary, 
for example to enable employees to carry out work on the 
components and restore the functionality of the products. 
The summary of these differences is provided in Table 3.  

Table 3. Differences between disassembly for remanufacturing 
and repairing. 

No. Issue Remanu-
facturing Repairing 

1. Compulsory 
to 
disassemble. 

There are 
compulsory 
disassembly. 

There is no 
compulsory 
disassembly. 

2. Economics 
of 
disassembly. 

Not always 
economically 
efficient. 

More efficient 
economically 
than disassembly 
for 
remanufacturing. 

3.4 Comparing disassembly for remanufacturing 
and reconditioning 

Remanufacturing needs higher level of disassembly than 
reconditioning. This is because the resulting output of 
reconditioning is lower than the new products, while the 
output of remanufacturing is equal to or higher than the 
new products [22, 27, 37]. For th is reason, 
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remanufacturing requires more work and h igher standards 
than reconditioning does [34] – see Figure 1. To permit 
more work in remanufacturing, there would  have to be a 
higher level of disassembly than there is in 
reconditioning . More work in this regard refers to any 
remanufacturing processes, such as a more detailed 
inspection, more detailed testing, or a tighter criteria fo r 
sorting and inspection. On the other hand, the output of 
reconditioning has lower standards, which is not 
necessarily as strict as the criteria for new products. 
Disassembly for reconditioned products does not need to 
ensure that the quality of the resulting products is the 
same as new ones. There is no need to carry out 
disassembly, provided that the modules or parts reach 
acceptable quality standards . 

Table 4. Differences between disassembly for remanufacturing 
and reconditioning. 

No. Issue Remanu-
facturing 

Recondi-
tioning  

1. Level of 
disassembly 

Have higher level 
than 
reconditioning 

Have lower 
level than 
remanu-
facturing. 

2. Compulsory 
disassembly 

There are 
compulsory 
disassembly 
activities that 
should be carried 
out. 

There is no 
compulsory 
disassembly 
activities that 
should be 
carried out. 

 
As discussed previously, there are mandatory 

component replacements in remanufacturing. This causes 
compulsory disassembly, which is not always 
economically efficient. On the other hand, reconditioning 
does not need mandatory component replacements. As 
long as the components are still in acceptable condition, 
they are not disassembled. Thus, disassembly in 
reconditioning is only carried out whenever necessary to 
do. From economic perspective, this disassembly is more 
economically efficient than disassembly for mandatory 
component replacement. The summary of the d ifference is  
presented in Table 4. 

4 Conclusion  

This study offers insights regarding the differences of 
disassembly for three recovery methods  : remanufacture, 
repair, and recycle. In this study, disassembly for the three 
recovery methods was analysed comprehensively. It is not 
only about the level, the method, and sequence of 
disassembly, but also about skills of employees as well as 
knowledge regarding the specification of new products. 
The knowledge is required to ensure that the results of 
remanufacturing process is equal or higher than the new 
one.  
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