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Abstract— The growth of remanufacturing has seen its 

application in automotive, electronic equipment, furniture, 

and medical devices in the global product portfolio. 

Remanufacturing is identified as a promising end-of-life/use 

product recovery strategy that has been used in the world for 

decades as a solitary value-adding process that upgrades a 

product from used condition to the like-new Original 

Equipment Manufacturer (OEM) condition. 

Remanufacturing could be an attractive option with the 

growing vehicle fleet in Sri Lanka. However, most of the 

existing recovery practices do not fall under the 

remanufacturing definition. The purpose of this study is to 

develop a framework to promote automotive 

remanufacturing among the repairers, re-builders, and other 

stakeholders. A case study-based approach was used with 

semi-structured interviews that were conducted physically 

and remotely. The study derives and presents a 

remanufacturing closeness factor for each case company by 

considering product type, process steps, degree of salvage, 

and performance testing were considered as key elements. 

Internal and external factors were prioritized based on the 

descriptive statistics and used as construct variables in the 

framework. Key constructors were core acquisition and 

reverse logistics, labour skill and availability, 

remanufacturing process steps, technology, market 

knowledge, and policy requirements. The developed 

framework can be used as a guide to promote the efficient 

adaptation of remanufacturing. 

Keywords—Remanufacturing, Automotive Remanufacturing, 

Remanufacturing Framework 

I. INTRODUCTION 

The rapid growth of the vehicle fleet bears important 
implications for the increasing demand for automotive 
industry related parts and services. The vehicle fleet in Sri 
Lanka was reported in the past three years (2018-2020) as 
7.7, 8.1, and 8.3 millions respectively [1], motor cars 
increased at an average rate (2012-2020) of 7.7% annually 
peaking at 18.66% in 2015 [2]. Importation of vehicles 
earns considerable income at the current tariff of around 

55%. Import and export values significantly impact any 
country’s ‘Balance of Trade’ based on economic activities 
such as manufacturing operations and consumption patterns. 
As Sri Lanka mostly relies on imports, the country has 
recorded a trade deficit for years with a deficit of USD 
562.10 million in December 2020. In 2017,  import 
expenditure for vehicles was 7% of the total expenses 
amounting to USD 1.5 billion contributed by imports from 
India 22%, China 20%, and Japan at 50% [3]. 
Remanufacturing would be a sourcing alternative for 
automotive-related parts/assemblies that makes saving in 
millions of dollars. Unlike other manufacturing practices 
such as electronic and apparel products, remanufacturing 
puts a minimal burden on the importation of raw materials. 
The majority of cores could be sourced locally thus 
narrowing the balance of trade. While saving spare parts 
import expenditures, local remanufacturing could open up 
new channels to the global remanufacturing market. 

For the local fleet maintenance, used spare parts are 
imported without a warranty, at a lower cost termed as 
“reconditioned units” however, with no proper 
reconditioning process. Those used sub-assemblies offer 
varying quality and thus pose an opportunity for 
remanufactured products with a warranty. Emission 
regulations further motivate the maintenance of vehicles in 
their prime condition. Due to the local transportation 
infrastructure, overloading, and excessive traffic, failure 
rate of the spare parts is keep increasing [3], especially on 
engine parts, transmissions, suspension, and brake systems 
[4],[5]. The rapid growth of the vehicle fleet creates a 
momentous demand for service parts for maintenance[6]. 
Furthermore, typical vehicle use life in Sri Lanka is 15 to 30 
years [7]. With the aforementioned usage figures, there 
could be situations where service parts are unavailable due 
to discontinuation of production for older models [8], in 
such cases reusing old cores may be the only alternative.  

Based on the expertise and skills in repairing and 
reconditioning, there is a good potential to extend such 
processes up to remanufacturing. This is even critical with 
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taxi or tour fleets which run excessive mileage in a short 
period of time. In addition to local demand,  the Sri Lankan 
government has identified potential export markets in South 
Africa, Kuwait, and Turkey for automotive spare parts and 
promoted the industry to engage through respective 
authorities in 2017 [9],[10],[11]. In such situations, 
remanufacturing generates promising business 
opportunities. 

Apart from market demand, the availability of high-
skilled labour for Remanufacturing is essential. The 
government is promoting technical education at the school 
level since 2011, reaching 42,657 enrollments at the end of 
2019 [12]. Statistics show that  13.9% of industrial 
professionals were engaged in either repair or services of 
motor vehicles[13]. Further 4.8% of the total labour force 
(411,318) was unemployed [13]. The average monthly 
wage of a high-skilled and low-skilled labour was $310 and 
$118 respectively in 2018 [14]. Due to remanufacturing 
being a labour-intensive task [8],[15] the new employment 
opportunities created by a remanufacturing industry will 
have a significant positive impact on unemployment rates. 
Even though remanufacturing activities can hardly be seen 
in Sri Lanka [16],[17], reuse, repairing, and reconditioning 
are practised extensively. These processes closely align 
with remanufacturing, however, offers a sub-standard 
warranty. A study on turbocharger remanufacturing has 
revealed that the local automotive sector is well suited to 
benefit from automotive remanufacturing [16][17]. Thus, it 
can be concluded that there is a good potential for 
automotive remanufacturing in Sri Lanka.  

A recent conceptual framework has been developed to 
identify barriers in the entire automotive remanufacturing 
process [18]. However, there is a gap in research for 
promoting remanufacturing among the closely associated 
stakeholders: repairers and re-builders. Thus, the purpose of 
this paper is to develop a framework to promote automotive 
remanufacturing among potential stakeholders. 

The structure of this paper is as follows: In Section II, the 
literature review of the subject area is presented, followed 
by the methodological approach in section III. Next, section 
IV describes the case study analysis, results and discussion. 
Finally, in section V,  conclusions and future research works 
are discussed.  

II. LITERATURE REVIEW 

A. Global Remanufacturing Landscape  

Remanufacturing is a principle element of circular 
economy [19] that focuses on value recovery activity from 
used or end-of-life (EOL) products to their original state 
[20],[21]. It recovers material and reduces the energy that 
drives toward sustainable manufacturing[7], [22]. USA, 
Germany, Canada, Sweden, Korea, Japan, Thailand, 
Malaysia, India, China, and a few other nations currently 
performing remanufacturing in different sectors. The BS 
8887 220:2010 defines remanufacturing as the “steps 
required to change the product into as-new with at least 
equivalent performance and warranty of new” [23]. The 
general remanufacturing steps are: core sourcing, inspection, 
sorting, disassembly, cleaning, value-adding through 
transformation processes, reassembly, and testing. From a 
global perspective, research has shown a growing interest in 
the field of remanufacturing. As a remanufacturing market 
share, the USA owns  $53,000 million (2003) [24] and 
China $10 million (2012)[25]. In 2015, EU reached $29,800 
million, [26], Malaysia $85.28 million and $560M in sales 

in Korea [27]. Basque Island earned  $1,307 million (2016) 
from 350 remanufacturing firms in their local context [28]. 
However, few other countries like India [29],[30],[31], 
Thailand [32],[33] Indonesia [34] , and Brazil [35],[36] also 
practicing remanufacturing.China and Brazil are countries 
appearing to be the fast growing  remanufacturers in the 
world [37]. Those figures show that the global 
remanufacturing landscape has not limited to developed 
countries. Apart from the previous study on turbocharger 
remanufacturing [38], there is little evidence of written 
literature or industrial practices related to  heavy machinery 
[18] and photocopier product remanufacturing in Sri Lanka.  

B. Challenges and Limitations of Remanufacturing    

Remanufacturing offers numerous benefits despite it 
being challenging to implement. Reviewed 
remanufacturing challenges can be categorized into global 
and regional specific challenges [6],[34]. Not having a 
proper tax structure, lack of funding incentives for the 
development of new industries, and high tax burdens were 
found as policy-level barriers [6], [18], [22]. The difficulty 
of making a remanufactured product up to the OEM 
specifications and the lack of infrastructure for 
remanufacturing process steps were frequently listed under 
technological barriers. The lack of human resources with 
adequate technical skills has been reported in multiple 
articles [39]-[42]. 

C. Potential Products to be Remanufactured in Sri 

Lanka 

Due to the lack of evidence of practising automotive 
remanufacturing related to any product category, products 
that are being remanufactured globally were reviewed 
through literature to identify potential products to be 
remanufactured. Turbochargers have already been 
identified as a potential product for remanufacturing in Sri 
Lanka [38]. The study conducted in Malaysia identified 
diesel engines, hydraulic pumps and motors, as potential 
products to be remanufactured for their market [43], study 
further implies that the selection of a profitable product is 
region-dependent and hence needs to be carefully selected 
based on the local context. Identifying a profitable product 
list for local remanufacturing is another existing gap to be 
filled by future researchers. The list of remanufacturable 
automotive assemblies found in the literature were pumps 
and motors, steering racks, transmissions, and engines [44], 
[45]. Out of the above list, potential products to be 
remanufactured in Sri Lanka have to be explored by 
considering existing practices and technological capabilities. 
To have a broader view of the problem, multiple products 
were considered in the case study.  

D. Factors Influence the Acceptance of Remanufactured 

Products. 

The performance and the quality of remanufactured 
products positively affect purchase intention [33]. A 
country's economic development status has been cited as the 
most important factor that affects consumer buying 
behaviour [33]. Akano et. al. [45] prioritized product quality 
as the first priority, secondly the appearance and safety, then 
the pricing and warranty, and finally, the availability of the 
remanufactured product’s process and quality information 
[46] as the factors influencing the purchase intention of a 
remanufactured product. Availability of the information 
such as product’s usage history, the reason/ fault when 
remanufacturing, the number of remanufactured or replaced 
components in the product, current service age in the life 
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cycle and performed tests results in the final stage of the 
remanufacturing process[47] were discussed under the 
product's process and quality factors. Additionally, the 
presence of a certification system for the remanufactured 
product, the country of origin and brand equity were 
considered as important factors that affect the purchase 
intention in different regions [33].  

III. METHODOLOGY 

A. Literature Review  

 Initially, 162 research articles were referred from the 
Journal of Remanufacturing, Journal of Cleaner Production, 
and Procedia Manufacturing through Science Direct and 
IEEE Explore databases, by using the keywords 
“Remanufacturing”, “Automotive Remanufacturing”, and 
“Framework developments”. Out of total hits, 51 related 
articles were shortlisted and thematically analyzed using 
Microsoft Excel. The identified themes were; definitions, 
remanufacturing market value and motives, remanufactured 
products, benefits, challenges/ barriers, and framework for 
remanufacturing. Literature published from 1991 to 2021 
were considered. Furthermore, local statistics related to 
economics and social aspects were referred from the reports 
published by the Central Bank of Sri Lanka, Department of 
Census and Statistics, Department of Motor Traffic, and Sri 
Lanka Customs. 

B. Data Collection  

The research was designed by investigating the existing 
remanufacturing literature and the focused group of 
stakeholders. Two methods were employed, (1) semi-
structured interviews for the automotive service providers 
and (2) a supplementary questionnaire survey for vehicle 
owners. These methods allow for purposefully selecting 
participants who would best suit the study. A semi-
structured interview instrument was designed using 
reviewed literature. A flow diagram was prepared to 
streamline the delivery of the interview questions. Then a 
pilot study was conducted to improve the designed template 
to meet the intended objectives. The interview template was 
hosted on a dedicated web page that was designed using 
“Yola” [48] and the link was attached with email requests. 
Then email requests were sent to the focused group to get 
their consent and commitment.  The expected time to 
complete the interview was 60 - 90 minutes. 

A total of 8 respondents expressed an interest in taking 
part in the case study, but two were excluded for practical 
reasons. The case studies were initiated with a literature 
evident sample size and then extended the sample size (n = 
8) until the response data was saturated conforming to the 
constant comparative method. The interview instrument 
was made available through email before the interview date 
to facilitate in-depth discussion. The study used either 
online or in-person methods to collect data based on travel 
restrictions during the COVID period. The supplementary 
survey included 4 structured questions with an open-ended 
question assessing awareness, availability of 
remanufactured parts in the local market, acceptance, and 
the service age of the vehicle. 

C. Data Analysis 

Collected data were analyzed by identifying themes and 
then used to determine frequency distributions for each of 
the open-ended responses included in the questionnaire. 
The summarized semi-structured interview responses were 

compared with the prioritized barriers found in literature 
based on the local context. Then the construct variables 
were drawn on the current practices of automotive 
remanufacturing in different product categories. Finally, 
based on the analyzed data, the framework formulation was 
initiated.  

D. Framework Development and Validation 

 The framework was developed according to the 
adaptive approach [49] by identifying previous frameworks 
available within the scope of the study. As an established 
framework suiting the local context is not evident in the 
literature, the conceptual framework presented in Kahingala 
et.al. [18]  was used as a base framework to derive the new 
methodological framework. Finally, the derived framework 
was refined with the contextual variables found from a case 
study[49].  

 As a validation method, semi-structured interview was 
conducted with a fresh practitioner who was not interviewed 
before in the formulation stage. Based on the feedback, 
framework  was further refined and the final version of the 
framework was accepted as a guide to adopt 
remanufacturing with respect to the current status of the 
business. The validated framework is discussed in detail in 
the next section. 

IV. ANALYSIS, RESULTS, AND DISCUSSION 

The collected data were analyzed as mentioned in the 
Methodology section and presented in four sections below.   

A. South Asian Regional Remanufacturing Landscape 

Fig. 1 positions the Asian remanufacturing landscape 
with the country, market share in millions (M) (represent by 
the bubble size) and annual labor cost, China is the leading 
remanufacturer with the largest market share of  $36,350M, 
but with the 3rd lowest annual labour cost. The rest of the 
countries owned $ 77M for Malaysia, $ 790M for Japan, 
and $ 560M for Korea. Moreover, Sri Lanka has the 
advantage of low-cost labour with the required initial 
technical skills to be used for remanufacturing. In Sri Lanka, 
skilled labour cost is 2.3 times less than that of Malaysia 
where the lowest among other Asian candidates [26]. Hence 
Remanufacturing could give a significant impact on local 
unemployment rates by allowing optimal utilization of 
underutilized human resources. 

 

 

Fig.  1 South Asian remanufacturing landscape 
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B. Results of the Supplementary Survey for the Market 

Demand 

Out of a total of 27 vehicle owners who responded, the 
majority (58%) were aware of remanufacturing and its 
benefits, and 48% have noticed the availability of 
remanufactured automotive products in the local market. 
Survey results show that by providing proper awareness, 81% 
out of 42% who were unaware of remanufacturing initially 
were willing to accept remanufactured automotive products.  

The majority consider the cost (price) and quality 
(warranty) as the first and the next most important factors 
that affect the purchase intention. When sustainability and 
brand image are considered, the brand image has shown the 
least priority. Even though the literature reveals that the 
demand for remanufactured products increases with the 
service age of the vehicle, irrespective of the service age of 
the vehicle, remanufactured  products are accepted. 

C. Remanufacturing Practices in the Local Context 

Table-I shows a comparative analysis of existing 
practices of each company with the remanufacturing 
definition for different products. Assigned score levels were 
‘100’, ‘50’, ‘0’ for mandatory step, optional, and not 
practicing at all respectively. The Normalized 
Remanufacturing Closeness Factor (NRCF) defines how 
close the current practices are to remanufacturing is 
presented for each case company. The product, existing 
process steps, degree of salvage, and standard performance 
testing were considered as key elements when deriving the 
final closeness factor.  

 The case companies of C2 and A1 are the 
remanufactures that offer a 1-year OEM equivalent 
warranty. Functional performance is confirmed as per the 
remanufacturing standard on the final remanufactured 
product. Case A1, has a lower value than C2 due to the 
product-specific remanufacturing requirements such as 
painting and packaging that must for a turbocharger.  

 Fig. 2, shows the remanufacturing a turbocharger in the 
case company C2, situation of before and after the 
remanufacturing process. However, rebuilding and 
repairing practitioners D, B1, and C1 have shown lower 
values due to the lack of a standard test-bed for final product 
testing even though these case companies are able to offer 
1-year warranty for the provided service.  

TABLE I CASE COMPANIES’ REMANUFACTURING PRACTICES 

 

D. Validated Framework to Promote Remanufacturing  

 Fig. 3 presents the validated framework with the barriers 
categorized from left to right namely the market, policy, HR, 
technology, and economy respectively. The framework 
presents enabling strategies to overcome barriers in the 
same shaded color when stepping towards adopting 
remanufacturing. One before the right-most column of the 
framework the standard remanufacturing process steps are 
depicted. Initially core acceptance  step is presented, then 
remanufacturing process and finally marketing step is 
presented on the bottom of the core acceptance. Thus the 
framework should be read from left to right and top to 
bottom to retrieve meaningful conclusions.  

 Turbocharger and Transmission remanufacturing are 
currently practiced under the standard remanufacturing 
definition. The framework further elaborates that the 
availability of low-cost, low-quality substitutes was a 
motive for customers to remanufacture their own engine 
instead of replacing it with a used core. Even though the 
product awareness-related barriers were evident frequently 
through the literature, the supplementary survey found this 
to be less significant in the local context. 

 Due to the lack of product technical data, technical 
infrastructure, and skilled labor trained in remanufacturing, 
potential companies are operating with limited 
functionalities. However, two repair case companies have 
shown interest to explore new reprocessing methods and 
technologies. Lack of funding to invest in standard 
performance testing equipment is identified as the major 
challenge for adopting remanufacturing locally. As an 
enabling strategy, the government support needs on 
conducting awareness campaigns for financial institutions 
regarding remanufacturing business as a viable industry, 
offering subsidies, and the tax policy revisions to support 
remanufacturing. Joint ventures with remanufacturers, 
exploring new technologies through the research and 
developments related to reprocessing and cleaning 
technologies were found as promising strategies to adopt 
remanufacturing.  

 The presented framework helps stakeholders to evaluate 
their strengths and weaknesses accordingly position 
themselves in their journey of becoming a remanufacturing 
facility. Further, the framework presents the enabling 
strategies to advance the existing automotive repairing and 
rebuilding practices up to standard remanufacturing level. 
Further, the role of the policy makers also elaborated in the 
framework when making some of the enabling strategies a 
reality. 

 

Fig.  2 Before and after remanufacturing a turbocharger  an 
evidence of  remanufacturing in Sri Lanka- (C2)
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Fig.  3 Validated framework to promote automotive remanufacturing

 

V. CONCLUSION AND FUTURE WORK 

 Initially, the South Asian Remanufacturing landscape is 
presented. Then, the supplementary survey findings were 
summarized. Later, current practices found from the 
interviews were bench-marked with the standard 
remanufacturing process steps for different products. Based 
on the findings, a Normalized Remanufacturing Closeness 
Factor (NRCF) was derived for each case company. Finally, 
the validated framework is presented with enabling strategies.  

The study has contributed to the development of a 
framework that acts as the mechanism for linking the enabling 
strategies with the respective barriers, for automotive 
repairing, rebuilding, and remanufacturing practitioners at 
each stage of adoption of remanufacturing. The contribution 
of this paper is four-fold: a) it provides a summary of cases, 
and how existing practitioners are closely aligned with 
remanufacturing definition. b) It derives normalized 

remanufacturing closeness factor for multiple case companies 
with regards to different products, c) validation of the 
identified barriers in the local context, and finally d) 
development of a framework to promote remanufacturing. 
Thereby the purpose of the research is achieved as a 
framework was developed to be used by the stakeholders and 
thus promoting automotive remanufacturing.  

Remanufacturing of Turbocharger and Transmission is 
currently practiced in line with the standard remanufacturing 
definition. The study reveals that financial support for 
technological upgrades or technology transfer, subsidies and 
tax policy revisions could further drive the successful 
adoption of remanufacturing in the local context. Further, 
gaps in skill and knowledge for remanufacturing could be 
minimized by enabling the opportunities to gain 
remanufacturing specific training from experienced 
remanufacturers or government authorities dedicated to 
industry development.  
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The barriers and enabling strategies could be common to 
other countries in the region. However, the development of 
the framework was based on the Sri Lankan economic, and 
technological context which limits the applicability of the 
framework in the global context. The quality of data could 
have been affected by conducting some of the interviews in 
online mode due to practical difficulties posed by the COVID 
pandemic. Additionally, development work is ongoing to 
make the framework available as a web tool to give wider and 
easy access to the stakeholders. Further research could be 
directed toward generalizing this framework to products other 
than automotive products. Furthermore, the framework could 
be tested with a wider array of stakeholders to further improve 
and fine-tune the content and interrelations to derive more 
meaningful conclusions. 
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