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Abstract— The global mould manufacturing market amounts 

to USD 26.21 billion in 2020 and is expected to increase to USD 

38.62 billion in 2025 at a Compound Annual Growth Rate (CAGR) 

of 8%. This growing demand for moulds urges to develop 

sustainable methods to recover used moulds. Remanufacturing of 

moulds offers a promising solution in the industry which extends 

the useful life of end-of-use moulds. However, there is a lack of 

evidence that mould remanufacturing is used to reap its potential 

benefits in Sri Lankan Small and Medium-sized Enterprises 

(SME). Literature review and semi-structured interviews were 

used to establish the current knowledge, identify barriers, and to 

identify key elements in developing the framework. The paper 

presents a conceptual framework developed for promoting mould 

remanufacturing in Sri Lankan SME.  
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I. INTRODUCTION 

  Dies and moulds are one of the most important sets of tools 
used for mass production. Dies and moulds are commonly seen 
in the automotive industry when producing a large number of 
component assemblies and subassemblies [1] apart from the 
plastic product manufacturing industry. Currently, the USA, 
China, Japan, and Germany hold the largest market share in the 
global mould manufacturing industry. The industrial mould 
manufacturing industry will be grown due to the increasing 
population, shale oil exploration and high investment in the 
manufacturing industry. With reference to the Sri Lankan 
mould manufacturing industry, it is seen that the mould 
manufacturers are facing several issues due to the high cost of 
the mould, lack of understanding of design concepts, lack of 
historical design data, lack of technical support, and quality-
related issues. As a result, the Sri Lankan manufacturing 
industry has lost the capability of competing in the global 
market. Remanufacturing has now become a trend to bring 
savings relating to the cost of the mould while ensuring 
equivalent or better mechanical and wear resistance properties. 
Hence, remanufacturing technology can be introduced to the Sri 
Lankan mould industry in order to overcome these issues. 
Remanufacturing of moulds is also important for the Sri Lankan 
manufacturing industry mainly because it reduces the cost of 
the mould and thus positively influences the downstream 
supply chain.  

Fig. 1. shows the US Trade statistics in tools, dies and jigs, 
and industrial moulds. In 2010 it can be seen that there is a hike 
in the imports compared to 1997 showing the significance of 
the industry. 

The majority of mould manufacturing SMEs in Sri Lanka 
target plastic injection moulds [2] and workpiece materials are 
mostly imported. The purpose of this paper is to develop and 
present a framework to promote mould remanufacturing in Sri 
Lanka and thereby contributing to sustainable manufacturing. 
The literature survey reveals the key findings from recent 
surveys done at the mould remanufacturing organizations in the 
world and remanufacturers in other sectors in Sri Lanka. The 
methodology section describes the way how the data collection 
through semi-structured interviews was carried out. 

Survey results and the conceptual framework are discussed 
in detail in the results and discussion section. The paper 
concludes by summarizing the benefits of the framework and 
includes further research areas. 

II. LITERATURE REVIEW 

Remanufacturing provides a solution to end-of-use or end-
of-life products using the residual value to give another life 
cycle. It is the only activity which provides the same or better 
quality, performance, and warranty as the brand new products 
[3][4][5]. Remanufacturing is mostly popular in high remaining 

 

 
Fig. 1. US Trade in Tools, Dies and Industrial Moulds  [6] 
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value-added products such as heavy machinery and automotive 
industries [7]. Remanufacturing recovers value from used 
products. It helps reduce the need for raw materials and energy 
to produce units. Remanufactured products are generally 
considered to be good for business, customers, and the 
environment [8].  

The terms, die and mould, remanufacturing, mould 
remanufacturing, and remanufacturing technologies were used 
as the keywords. Initially, 78 research articles were considered 
narrowing it to 45 most suitable research papers based on their 
relevance. The research articles have been sourced from 
Elsevier, Springer, and the Department of census and statistics 
of Sri Lanka. All these research articles were published from 
1995 to 2020. The short-listed articles were reviewed and 
thematically coded based on the categories including 
definitions, scope and methodologies, significance, financial 
impact, research gaps, and results.   

Remanufacturing has been discussed as a research topic 
since the late nineties within the academic community [9]. As 
an example, the Malaysian automotive industry remanufactures 
components at a lower price than brand new. It has been stated 
that remanufacturing uses seven times less energy and nine 
times less material compared to manufacturing a new 
automotive component [10]. 

The amount of required raw materials, labour, and energy 
directly affect the remanufacturing cost. It will have a 
significant effect on the economy as it becomes a generalized 
practice [11]. The following distinctly identifiable topics were 
identified from the literature. 

A. The Global Context of Mould Remanufacturing 

The uncertainty of the timing of used mould supply, quality 
of the mould, and material quantity will result in unpredictable 
processing times [12]. However, the ultimate goal of 
remanufacturing is to bring the quality of the product to as-new 
quality [13].  Although there are other product recovery options 
available such as repair and reconditioning,  remanufacturing is 
the only option that advances the product most [14]. 

The generic remanufacturing process steps are, disassembly 
of used products, part inspection, fixing of repairable parts, 
replacing the rest of the parts with new ones or remanufactured 
ones, reassembly, and finally testing the product into like-new 
condition [4]. Hence remanufactured products are of superior 
quality compared with the other recovery options [4]. 

 The typical sequence of remanufacturing moulds includes,  
collection of used moulds, complete disassembly, thorough 
cleaning of all parts, inspection and residual life evaluation, 
recondition of worn parts, reassembly, and testing [14]. 

B. Mould Remanufacturing Technologies 

High thermal, mechanical, and chemical stresses during the 
injection and die casting processes have been identified as 
frequent causes of failure of tool moulds [15].   Thus, some of 
the alternative ways to enhance the useful life of moulds include 
using wear-resistant materials, optimizing die geometries to 
reduce the intensity of wear, and heat treating the mould to 
enhance the toughness [16]. As remanufacturing is one of the 
best solutions to reduce the cost of a mould, the technologies 

which can be used to get the dimensions back to original 
specifications need to be identified.  Currently, several 
technologies are being used to repair moulds. Welding and 
additive technologies are the common recovery options that can 
be seen in the industry [17]–[20]. 

C. Mould Remanufacturing Methods and Strategies 

It has also been found that a remanufacturability analysis 
should be done before the actual remanufacture process as all 
the products are suitable for remanufacturing [20]. Initially, it 
is required to check whether the technology is available to 
restore the products, whether the product is made up of standard 
interchangeable parts, whether the cost of the core is low 
relative to the forecasted savings, whether the product 
technology is stable over more than one life cycle,  and finally 
whether the market demand is sufficient to sustain enterprise 
[16]. As shown in Fig. 2,  the essential factors (inner circle) and 
supportive factors (outer circle) for remanufacturing have been 
identified and these can be further considered as prerequisites 
for remanufacturing [21].  

D. Challenges and Limitations of Remanufacturing 

Protection of intellectual property is one of the challenges 
when implementing remanufacturing as Original Equipment 
Manufacturers (OEM) risk losing the intellectual property data 
of their products when another organization started 
remanufacturing for the same product [22]. Another challenge 
is brand new product cannibalization. Here the OEM have the 
risk of losing a share of new product sales  due to low price  
remanufactured products. When it comes to the Sri Lankan 
mould manufacturing industry, the main challenge is to 
compete with low-cost substitutes such as imported moulds 
[23] in addition to the lack of awareness in remanufacturing. 

E. Available Frameworks 

 Since there was hardly any evidence on a framework for 
mould remanufacturing, automotive remanufacturing related 
frameworks were considered. 

 

Fig. 2. Essential and Supportive Factors in Remanufacturing [21]  
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A model has been formulated for remanufacturing of 
automotive parts based on the key enablers namely material 
orientation, the manufacturing process, and the design 
orientation at the initial stage. Under material orientation, 
financial and environmental impact of the material on 
remanufacturability have been discussed considering each step 
of the remanufacturing process [13]. 

 A remanufacturing framework presenting ‘operational’ and 
‘managerial’ factors emphasizes less demand for 
remanufactured products [24], lack of willingness to return 
used products, difficulty to establish revere logistics, 
competition with brand new products, requirement of long-term 
investment as ‘managerial’ factors. Under the ‘Operational’ 
factors,  uncertainty of the quality of return products, high 
labour-intensiveness, difficulty in maintaining the quality of 
remanufactured parts up to the OEM standards, and lack of 
facilities for remanufacturing have been identified 
[25][24][26]. 

  Some articles indicate that automotive remanufacturing is 
currently being practised in Sri Lanka although evidence of 
such industries is not common [25][27][28]. Findings of the 
literature review emphasize that remanufacturing seems limited 
only to industries such as automotive [13], heavy machinery 
[29], and photocopier in Sri Lanka. The remanufacturing 
practice is also limited to a few countries like the USA, China, 
Japan, and Germany, however, hardly seen in Sri Lanka [27]. 
Hence, there is a  gap in literature and as well as in the industry 
practices in mould remanufacturing. Therefore, this study 
focuses on mould remanufacturing in Sri Lanka. 

III. METHODOLOGY 

Case studies have been used to acquire data in this research 
focusing on in-depth analysis of multiple cases. The following 
sections illustrate the key approaches used. 

A. Pilot Study and Sample Data Analysis 

The questions were formed to ascertain the required data to 
promote mould remanufacturing in the Sri Lankan context. A 
questionnaire flow diagram was used to ensure the logic of the 
structured questions and not to miss any objectives of the 
research. The questions were then converted to an online form 
in Google Forms. Sample data were collected by sharing the 
Google Form with a sample set of respondents and analysed. 
Based on the feedback of the sample data and analysis, 
structured questions were refined for improved clarity.  

This structured section consists of 19 questions.  Three sets 
of stakeholders in the mould industry were targeted for the 
interviews namely, 1). people who are aware of remanufacturing 
and currently practising it, 2). people who are aware of 
remanufacturing but not practising it, and 3). people who are 
unaware of remanufacturing but repairing moulds. The common 
question focuses on the awareness of remanufacturing and 
deciding the company size. The summary of the sections of the 
interview questions and expected information are shown in 
Table I. 

 

 

TABLE I.  MAPPING THE INTERVIEW QUESTIONS WITH THEIR 

OBJECTIVES 

Section Expected Information 

General Information To make sure the participants are 
within the scope of SME and to filter 
out the entities which have the 
potential to adapt mould 
remanufacturing.  

Extent of mould 
remanufacturing 

Steps which are currently practising 
and the reason for not practising the 
rest of the steps 

Mould 
remanufacturing 
Technologies 

Technologies used in each step of 
remanufacturing process 

Methods and 
strategies 

Identify the availability of essential 
and supportive factors 

Challenges in 
remanufacturing 

Identify the barriers, demand, and 
cost-benefits of mould 
remanufacturing.  

 

B. Semi-Structured Interviews 

Three registered companies listed in the database of the ‘Die 
and Mould Association’ of Sri Lanka and 12 other companies 
which are in manufacturing and repairing moulds were 
contacted for interviews. The Google Form link was attached to 
the email requests that were sent to the practitioners and then 
contacted via phone or Google meetings. The expected time to 
complete the questionnaire was 15-20 minutes. Data from the 
interviews were collected within 3 months. Nine personnel from 
the mould manufacturing, repairing and remanufacturing 
industries participated for the interviews.  

C. Framework Development and Validation 

A framework is developed using literature and interview 
data in a three-by-three matrix format. Column headings 
included the required factors or concerns to promote mould 
remanufacturing and the rows are used to denote the stages of 
remanufacturing. Framework validation was done as an 
interview with another industry personal who was not 
interviewed previously. Further to the interview, the framework 
was tested and confirmed by the industry person. Improvements 
were made carefully to accommodate valid points. The 
framework is presented and discussed in detail in the next 
section. 

IV. ANALYSIS, RESULTS, AND DISCUSSION 

The structured interview questions were analysed using MS 
Excel and presented in the following sections. Interview study 
findings are analyzed according to the tool features available in 
the google form. Specific findings and the proposed framework 
are then presented in detail.  

A. General Results from the Structured Questions 
Results of the interviews show that the majority of 

respondents, 77%, are aware of mould remanufacturing. 
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However, 57.1% of respondents are not practising mould 
remanufacturing even though they are aware of mould 
remanufacturing. Only 42.9% of respondents are practising 
mould remanufacturing at their facilities. 

Respondents who are currently practising mould 
remanufacturing at their facilities indicate that there is a market 
demand of 1-5 moulds for remanufacturing per month and also 
there is a cost-benefit of 10%-40% for remanufactured moulds 
as a brand-new mould. Some mould remanufacturers offer a 
substandard warranty which is a percentage of 33%. When 
considering the respondents who are only repairing moulds, it is 
identified that they are mostly repairing locally manufactured 
moulds by external parties and also they are already practising 
disassembling, cleaning, repairing/ refurbishing and 
reassembling steps.  

Problems associated with the Sri Lankan mould 
remanufacturing industry were identified based on the results of 
the interviews. As shown in Table II, the identified problems are 
categorized depending on their severity level. The severity 
levels are defined as follows, 

 High – A critical problem affecting a significant number of 
organizations to initiate mould remanufacturing.  

 Medium - A not-so-major problem that affects to initiate 
mould remanufacturing. 

 Low - A low-level problem that affects a smaller number of 
organizations to initiate mould remanufacturing 

TABLE II.  PROBLEMS ASSOCIATED WITH MOULD REMANUFACTURING 

IN SRI LANKA 

Severity 

Level 
Problem(s) 

High High lead time in imported materials. 
Lack of skilled labour (Inconsistent training). 
No proper definition for remanufactured moulds 
by regulatory bodies [25] 

Medium Lack of awareness of the technologies 
Lack of access to OEM specifications 

Low No clear market demand  
No assurance of the material composition 
Unavailability of locally manufactured materials 
High cost of the tools and equipment 

 

B. Proposed Framework 

  The insights from literature and stakeholder interviews 
were used to develop the framework shown in Fig. 4. The 
framework targets stakeholders who have the potential to 
extend their operation up to the mould remanufacturing level. 
From left to right (see Fig. 4.) the barriers and challenges, 

technologies/methods, and remanufacturing process steps and 
essential factors related to the entire mould remanufacturing are 
shown. This framework also presents three stages as shown 
from top to bottom namely the initial stage, process stage, and 
market stage. In the initial stage, core supply, core sorting, and 
core inspection are focused.  The process stage is focused on 
the other remanufacturing steps such as disassembling, 
cleaning, inspection, residual life evaluation, repairing / 
reconditioning, reassembling, and testing. The market stage, 
which is the final stage of the framework describes the market 
aspects of remanufactured moulds.  

Barriers and challenges, and other column headings, are 
listed under each of these stages. Then the technologies and 
methods required to overcome the barriers and challenges are 
listed in the middle column. This framework supports SMEs to 
decide whether to remanufacture moulds rather than opting for 
urgent repairs. Also, this framework supports increasing 
awareness of barriers, challenges, technologies and methods 
before committing to remanufacturing. Hence it reduces the 
cost in terms of time, labour, tools and materials and helps to 
promote mould remanufacturing as they are already aware of 
the challenges they have to face. 

Core acquisition is the key in the initial stage. The main 
source of core supply is used moulds (cores) from customers. 
Most of the time these moulds are received without OEM 
specifications. In such instances, the mould remanufacturer 
must redesign/remodel the mould which requires a coordinated 
measuring machine.  

Next, the process-oriented stage involves five 
remanufacturing process steps as mentioned earlier and five 
essential factors namely, disassembly capabilities, 
technologies, tools and equipment, human resources, and 
materials. Key challenges in the mould remanufacturing 
process-oriented stage are listed in the second column of the 
first row. Also, the most commonly used technologies in mould 
remanufacturing are listed under the technologies section. 
Further, this section elaborates on the requirement of cost-
intensive research and development (R&D) with a long 
payback period, which could be not affordable for some 
organizations. 

Material sourcing is the next most challenge in mould 
remanufacturing. Most of the customers are unaware of the 
exact material which may end up in purchasing incompatible 
material.   High lead time in imported materials, unavailability 
of locally suppliers, and lack of assurance of material 
composition are the other barriers associated with sourcing 
materials.In the testing stage, original design data are essential 
to compare with the remanufactured mould to check whether it 
complies with the design data. In the absence of such data, 
offering the prescribed warranty would be an issue. 
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Fig. 3. Framework for Mould Remanufacturing 

Finally, the product market stage focuses on the attitudes 
and perceptions of the customers in promoting 
remanufactured moulds. Under this section, warranty and 
policies have been identified as the essential factors. Key 
barriers and challenges associated with policies in the market 
stage are listed in the framework. The methods column on the 
framework proposes solutions for addressing these barriers 
such as providing grants to develop facilities, regulating 
mould remanufacturing under locally agreed guidelines, and 

creating internationally accepted standards for mould 
remanufacturing. 

V. CONCLUSION 

This research was carried out within the scope of 
organizations that are already remanufacturing moulds, 
manufacturing moulds, and which have the potential to 
remanufacture moulds. Semi-structured interviews of 09 
organizations were conducted to ascertain relevant data to 
develop the framework to promote mould remanufacturing. 
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 A framework in the format of a three-by-three matrix is 
developed to help promote mould remanufacturing. The three 
columns address, 1) barriers and challenges, 2) Technologies 
or methods, and 3) process steps and essential factors. These 
three factors are fused with three phases as shown in the rows 
of the framework namely, the initial stage, process stage, and 
market stage. The framework would be beneficial for the 
stakeholders of mould remanufacturing. Further research can 
be directed to further fine-tune the framework and make it 
available in a more accessible form such as a web or mobile 
application. Additionally, the research can be extended to 
include other types of moulds such as blow moulds, and 
compression moulds as the data were mostly sourced from 
plastic injection mould (re)manufacturing.  
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