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Abstract. Remanufacturing is a life cycle renewal process by which previously used
products such as vehicle components can be maintained and rebuilt. Although
knowledge in remanufacturing processes is advanced from a scientific perspective,
many traditional technology-driven manufacturing companies are facing challenges
related to remanufacturing of various components in their specific industry. An
underlying reason is that existing components have been sold for many years, and it
is unclear what modifications should be made to the manufacturing process to
accommodate both new and remanufactured products. Furthermore, it is unclear
what organizational changes such as culture and training of operators are required.
At the same time, the manufacturing industry is undergoing a digital transformation.
It is therefore relevant to investigate how digitalization and sustainability practices
can be combined, commonly referred to as Twin Transition. The purpose of this
paper is to explore how a manufacturing company can approach a change towards
remanufacturing of components using Twin Transition. This is accomplished by
using a qualitative-based case study method at a large manufacturing company in
the heavy-duty vehicle industry. The data collection method involved workshops
following a SWOT analysis and rich picturing approach. The results from the rich
picturing workshop identified four main themes to facilitate remanufacturing. The
SWOT analysis identified 20 key aspects related to facilitate remanufacturing.
Finally, the paper concludes by proposing five key enablers for achieving
remanufacturing using Twin Transition.

Keywords. Circularity, Sustainability, Smart Production, Industry 5.0, Production
Development

1. Introduction

The incorporation of science-based targets in the automotive industry is of utmost
importance in order to match sustainable objectives and address the challenges posed by
climate change. To achieve the European aim of zero emissions by 2050 [1], it is
imperative for the automotive industry to include not only the emissions resulting from
the usage of its products but also the emissions generated during a company's own
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operations. Remanufacturing is a life cycle renewal process by which previously used
products such as vehicle components can be maintained and rebuilt [2]. By replacing
worn out and obsolete parts in components, products can be returned to a well-
functioning condition, hence reducing the environmental impact.

Although knowledge in remanufacturing processes is advanced from a scientific
perspective, many traditional technology-driven manufacturing companies are facing
challenges related to remanufacturing of various components in their specific industry
[3]. An underlying reason is that existing components have been sold for many years,
and it is unclear what modifications should be made to the manufacturing process to
accommodate both new and remanufactured products. Furthermore, it is unclear what
organizational changes such as culture and training of operators are required. Other
challenges are related to how improved quality control processes should be implemented
to ensure that both newly manufactured and remanufactured products meet the
required standards [4]. This could include inspection, testing, and certification processes.

A promising way of tackling some of these challenges is to integrate digital
technologies to data to facilitate fact-based and time-efficient decisions [5]. However,
only having digital technologies in place is not enough, rather there is a need to
investigate how they can be used to achieve remanufacturing objectives before
integrating new technology. A systematic integration of digitalization and sustainability
practices such as remanufacturing is commonly referred to as Twin Transition [6], which
is a strategic approach for a climate neutral manufacturing industry [7, 8]. Therefore, the
purpose of this paper is to explore how a manufacturing company can approach a change
towards remanufacturing using Twin Transition.

The contribution of this paper is threefold. Firstly, we present 20 key aspects related
to facilitating remanufacturing in a traditional engineering setting. Secondly, the paper
opens up an academic dialog on the use of Twin Transition concept in a remanufacturing
context. Thirdly, key enablers are highlighted for integrating remanufacturing into
traditional production lines.

2. Theory on Twin Transition

The European Commission has suggested that one way forward towards becoming a
climate-neutral continent by 2050 is the so-called Twin Transition [2, 9]. This combines
the two concepts of circularity and digitalization and suggests the transition is made
simultaneously. Twin transition is a term coined to display the change towards both a
digital and sustainable future. Just as for circularity, twin transition also faces many
challenges in various categories including social, technological, environmental,
economic and political [9]. There is also a need for trade-offs between where the digital
technologies should be applied since these could negatively affect the environment and
there is need of further research on that particular topic [10].

The focal point for circularity can vary but is usually divided into the categories
technical, social, and environmental, which is in line with the triple-bottom line
perspective [11]. Whilst discussing circularity, the R-imperatives are often brought up.
They can occur in many variations of terms and amount of them but the three most
common are reduce, reuse, and recycle [12, 13]. It can be argued that extended
frameworks with additional R:s include the whole life cycle in a better way [14]. One of
the R:s in the extended framework is Remanufacturing which could be defined as
“restoration of used products to a like-new condition, providing them with performance
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characteristics and durability at least as good as those of the original product.” [15].
This process involves seven steps: 1) collection and inspection of used products, 2)
disassembly of products, 3) cleansing and surface processing of subparts, 4) inspection
and sorting, 5) component remanufacture and replenishment by new components, 6)
product reassembly, and 7) final testing. There are tools to calculate the optimal time to
remanufacture production equipment for the most profit considering the production plan,
remanufacturing plan and the spare parts used. In addition to this, the cost can be
analysed to decide whether to invest in new equipment, recondition or continue to run
the machines with a higher risk of breakdown [16]. However, research is needed to also
evaluate the sustainability part of these actions and not only to find economic benefits
[17].

As stated in the introduction, digitalization combined with circularity has shown
great potential to both give companies a competitive advantage [18] as well as improve
sustainability [7, 8]. Since this paper focuses digitalization in a production context, we
use the term Smart Production. Smart Production considers a desired state that
manufacturing companies aim to achieve in terms of sustainability, value-driven
production, and efficiency by integrating digital technologies into the production system
[19, 20]. Accordingly, Smart Production requires a process innovation, i.e., "...the
implementation of a new or significantly improved production or delivery method. This
includes significant changes in techniques, equipment and/or software.” [14, p. 49].
Second, changes in production require a holistic approach. Therefore, production can be
seen from a system perspective involving a combination of different elements such as
people, production equipment, processes, information systems, and networks. In order to
produce products, all these mentioned elements are interrelated in an organized but
complex way [22]. For this reason, when making changes in one part of the system, it
affects other parts of the system as well as sub-processes [23]. This highlights the
complex nature of production and shows that the development towards Smart Production
requires consideration of many parameters and their relationship to each other. Third,
Smart Production is related to Industry 5.0, which focuses on human-centric and value-
driven production [24]. Therefore, manufacturing companies integrating digital
technologies without addressing human aspects risk failing to achieve full integration of
the technologies [25]. Examples of important human aspects include active participation
of key stakeholders in problem-solving activities and developing capabilities to explore
opportunities of using new digital technologies [26]. Fourth, Smart Production involves
digitalization and connectivity to achieve a high level of smartness [27]. This requires
using technologies with capabilities of managing digitalized and real-time data, i.e.,
digital technologies must be used [28-30]. Moreover, digital technologies must be
integrated with existing elements in the production system to collect relevant data and
transform this data into valuable insights to support actions and decisions in production
[31, 32]. However, it is not enough to only have digital technologies installed in the
production; it is how they are integrated within the production system to manage the key
resource, which is the data, that will determine what benefits will be achieved [19, 33,
34]. Therefore, Smart production requires having a holistic perspective on the entire data
value chain including four phases [27, 35]:

- Data sources and collection. Refers to the points of origin where data is being

generated and the methods used for collecting the data.
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- Data communication. Refers to the transportation of data from their sources to
the places where data will be stored, processed, visualized, and used.

- Data processing and storage. Data processing refers to the operations
conducted to extract information from data.

- Data visualization and usage. Refers to the techniques used to present data to
end-users and the context in which data is applied to fulfill a purpose.

3. Method

This study follows a qualitative-based case study design at a large manufacturing
company in the heavy-duty vehicle industry. A case study design [36] was selected based
on two reasons. First, case studies are suitable when exploring novel subjects where
increased theoretical insights are needed. Second, in case studies, empirically rich data
are used, including the context and experience of practitioners. This was considered
important to increase the practical relevance of the findings in this paper.  First
documents related to the company’s strategic objectives and vision were collected. Then
a review of the remanufacturing capacity of the company was done. The intention was
to set a common understanding to prepare the workshop. The company's remanufacturing
capacity was then evaluated. The goal was to establish an understanding of the
company’s position related to its sustainability commitment and remanufacturing
practices. Then, data was gathered during a single meeting with five participants who
had, in average, over ten years of experience within the organization:

- Global development and governance leader for Industry 4.0 technologies
Global environmental sustainability leader in Operations

- Local manufacturing engineering manager for assembly process

- Local manufacturing engineering manager for new projects

- Local manufacturing engineering project leader
The meeting was two hours long and consisted of two workshops of one hour each. The
first workshop focused on defining the desired future state of remanufacturing within the
case company by using a rich picturing method [37, 38] and performing a SWOT analysis
[39] where strengths, weaknesses, opportunities, and threats for assessing the current
state and reflecting on how to achieve the desired future state. The rich picturing is a
practice of creating a pictorial representation of a specific problematic situation and it
intends to convey richness of the situation as a whole. It is a tool used to gain multiple
perspective understanding within a complex situation and offers insight into an
organizational climate by showing processes, structures, and issues [38]. The SWOT
analysis method has been chosen to stimulate the interaction across relevant stakeholders
and get different perspectives [39, 40]. SWOT provides a simplistic structure to facilitate
discussion between relevant stakeholders who do not frequently work together to engage
in conversations [41].

The second workshop involved presenting the results from the workshop (from rich
picturing and SWOT analysis) to the participants in order to get feedback and validate
the findings. To supplement the data collected from the workshops, secondary data was
collected from internal documents and the company’s web pages. This helped expand
the knowledge of the company's practices and validate the findings further. The empirical
data was analyzed using thematic analysis, which is a systematic approach for capturing
patterns in qualitative datasets. The data analysis included an iterative comparison of the
empirical data and literature by following six concurrent activities: (i) data
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familiarization, (ii) generation of codes, (iii) searching for themes, (iv) reviewing themes,
(v) defining and naming themes, and (vi) writing the paper [42]. The collected data was
processed using Artificial Intelligence (AI) tools. The discussion recording was
transcribed using Microsoft Azure Speech Studio. The transcribed discussion was then
translated and analyzed using language models such as ChatGPT from OpenAl and Bard
from Google. The researchers employed these tools iteratively until relevant and
satisfactory outcomes were reached. Finally, the researchers double-checked that the Al
tools' analysis was relevant and accurate. The tools supported the researchers in
summarizing the main themes of the first workshop and key aspects components from
the SWOT analysis and correct citations.

4. Results

The following sections consists of a thematic analysis done with the discussion that the
participants had during the rich picturing workshop and a summary of the strengths,
weaknesses, opportunities, and threats that the participants expressed during the SWOT
workshop.

4.1. Findings from rich picturing workshop

During the first workshop, participants engaged in a discussion that revolved around the
complex process of remanufacturing or reusing components and parts in a manufacturing
context. The participants created a rich picture, and several key themes emerged from
this dialogue, offering insights into the challenges and considerations involved in
managing production systems with a focus on remanufacturing. A summary of the
identified themes during the workshop is presented in Table 1.

Table 1. Summary of the rich picturing workshop

Theme of remanufacturing Key points

Focus on easy disassembly, standardized components and
interfaces, and exploring feasibility of reusing
components after multiple lifecycles and partnerships.

Designing for remanufacturing

Managing the flow of materials Track component origins, manage inventory, use demand
forecasting, and ensure flexible material supply.

Upskilling the workforce Workers need training programs and a remanufacturing
culture.

. - Maintain high-quality standards, develop quality control
Quality assurance and traceability procedures, track component origin, and tracking systems
for components throughout its lifecycles.

Theme 1: Designing for remanufacturing

The workshop participants discussed the importance of designing products for
remanufacturing. They discussed the importance of designing products so that they can
be easily disassembled, repaired, and reused. They mentioned the importance of having
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standardized components and interfaces. Central to the discussion is the concept of
prolonging the lifecycle of components. The participants explore the feasibility of
reusing various components after multiple cycles of use. They deliberate over whether
it's possible to seamlessly integrate both new and refurbished parts into the
manufacturing process. One participant asked: "Can we think like this or should the part
be new?". The group discusses the possibility of not disassembling products into their
smallest parts, but rather keeping certain modules intact. This could potentially save time
during the remanufacturing process, as suggested with the example of building complete
pumps. The participants also discussed the need to develop new technologies for
remanufacturing. For example, they discussed the potential of using additive
manufacturing (AM) to repair damaged components. AM could also be used to create
new components that are not available from the original equipment manufacturer (OEM).
The group expressed a need to develop standards for remanufactured products. This
would help to ensure that remanufactured products are of a high quality and that they are
compatible with new products. They also suggest partnering with other organizations,
such as OEMs and suppliers to develop standardized components and materials that are
easy to remanufacture. This would help to reduce the costs of remanufacturing and to
increase the availability of remanufactured products. Finally, they mentioned a need to
invest in research and development to develop new remanufacturing technologies and
processes. This theme emphasizes the primary goal of optimizing resource consumption
and decreasing waste by making the best use of existing components. This theme
indicates a change toward a more efficient and practical approach to reengineering, in
which the retention of specific components may boost total productivity.

Theme 2: Managing the flow of materials

The workshop participants discussed the challenges of managing the flow of materials
in a remanufacturing environment. This is because remanufactured products can be made
up of a mix of new and used components. The participants discussed the need to develop
systems to track the provenance of components and to ensure that they are used in the
correct products. The participants also discussed the need to develop systems to manage
the inventory of remanufactured components. This is because the demand for
remanufactured components can be unpredictable. The participants discussed the
potential of using demand forecasting and just-in-time delivery to manage the inventory
of remanufactured components. The participants discussed the place issue that having to
store many remanufactured components together with new ones might create. They
expressed a need to rationalize the remanufacturing process when taking in account
several generations for each product: "We can get a bunch of different axle generations
back to the factory, and that can really ramp up quickly. We've got to figure out an easy
fix for that, and we can't let it turn into a maze of thousands of different parts.”. The
participants reflected on the necessity of flexible material supply to each station and
provided an illustration of AGVs delivering assembly kits for individual products. This
theme emphasizes the significance of developing a well-organized and efficient system
for acquiring and managing materials, ensuring a steady supply for the production
process.

Theme 3: Upskilling the workforce

The workshop participants discussed the need to reskill the workforce to support
remanufacturing. This is because, in order to account for the various product
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generations, remanufacturing necessitates that workers manage a significantly greater
number of variants of the same product. It is possible that some procedure has been
entirely altered, and no one can recall how things were carried out. The participants
discussed the need to develop training programs to teach workers remanufacturing
procedures and quality control. The participants also discussed the need to create a
culture of remanufacturing within the organization. This means communicating the
benefits of remanufacturing to workers and encouraging them to get involved in the
remanufacturing process. This theme emphasizes the role of knowledge sharing and
professional development to maintain a competent workforce capable of handling
evolving product lines.

Theme 4. Quality assurance and traceability

The workshop participants discussed the importance of quality assurance in
remanufacturing. This is because remanufactured products must meet the same quality
standards as new products. The participants discussed the need to develop quality control
procedures to ensure that remanufactured products meet these standards. The participants
also discussed the need to develop quality assurance systems that can track the
provenance of components and ensure that they are used in the correct products. The
need to document each component's history was also discussed. They also discussed the
need for a system to track the condition of components throughout the different
lifecycles. This theme underscores the significance of quality control and traceability in
guaranteeing product reliability and safety.

4.2. Findings from SWOT analysis workshop
During the second workshop, participants were presented with the findings from the first
workshop and later engaged in a discussion that provided insights for the SWOT

analysis. A summary is presented in Table 2, and the following sections present the
results in more depth.

Table 2. Summary of the SWOT-analysis workshop

SWOT aspect Key points

Internal competence, knowledge sharing, sustainability

Strengths commitment, quality control, and global reach.

Competence maintenance, material handling complexity,

Weaknesses lack of product feedback loop.
i Digitalization, innovation, sustainability, product variant
Opportunities expansion, partnerships.
Regulatory challenges, customer resistance, competitive
Threats pressure, material availability, production efficiency.
Strengths

Participants recognized that their organization had strong internal competence and
knowledge sharing. They emphasized the ability to learn from within the organization,
which could be advantageous for addressing challenges and pursuing opportunities. The
company is committed to sustainability, and remanufacturing is a way to reduce waste
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and improve the company's environmental impact. The conversation also highlighted the
organization's strong emphasis on quality control and product knowledge. The
participants pointed out that their depth of knowledge about their products and
processes allowed for a consistent level of quality.

Weaknesses

The conversation revealed concerns about maintaining competence and skills within
the workforce. With an increasing number of product variants, they noted that it could
become challenging to keep their employees up to date with the necessary competencies.
Participants acknowledged that managing materials could be a weakness. They
discussed the complexity of material handling, particularly in dealing with various
components and variants, which might lead to space-related challenges and could
potentially lead to inefficiencies. The company does not currently have a strong feedback
loop for its products, which could make it difficult to identify opportunities for
remanufacturing.

Opportunities

The conversation touched on the potential of digitalization and innovation. They
discussed how adopting digital tools and innovative technologies could streamline their
operations, enhance quality control, and improve efficiency. The participants explored
opportunities related to sustainability. They recognized that a commitment to
sustainability, such as reducing waste and implementing more environmentally
responsible practices, could be a competitive advantage in the market. The participants
considered the opportunity to expand their product variants. They saw this as a way
to increase value and offer more options to customers, potentially leading to increased
sales and growth. The company could partner with other companies, such as suppliers of
raw materials or components, to develop and implement remanufacturing programs.

Threats

The company may face regulatory challenges in implementing remanufacturing. For
example, the company may need to obtain new permits or licenses. The company may
also face resistance from customers who are concerned about the quality of
remanufactured components. The participants identified competitive pressure as a
significant threat. They discussed how choosing to prioritize long-lasting products over
new product developments may impact on their capacity to meet market demands, which
could lead to falling behind competitors in customer satisfaction. Material availability
was acknowledged as a potential threat. The participants pointed out that relying on
external suppliers for certain materials could pose a risk, especially if those materials
become scarce or unavailable. The conversation revealed concerns about maintaining
production efficiency while accommodating more product variants. They considered
the potential threat of declining efficiency and increased production costs.

5. Discussion

The two workshops provided valuable insights on the integration of remanufacturing into
a conventional production line, owing to the diverse range of participants with knowledge
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spanning several disciplines. Through the utilization of the data gathered during these
workshops, it is possible to identify several enablers that can be regarded as keys in
promoting the twin transition. The first enabler is related to the need to have a system to
track lifecycles and composition for each component. This can help improve the
company's ability to collect customers’ feedback and keep detailed records of component
composition. This complete component monitoring and management system should not
only guarantee that the correct components are used in products, but it should also be
capable to maintain remanufactured component inventory efficiently, estimates demand
for these components, and implements just-in-time deliveries. Smart quality control and
vision system is another enabler. Predictive quality control with Al-driven quality control
systems to predict defects and quality issues, reducing waste and rework. This technology
can ensure that products meet the required quality standards and sustainability criteria. A
third enabler is to have a data handling system with integrated flexibility. This type of
system can enhance the Manufacturing Execution System (MES) with real-time supply
chain visibility and smart inventory management, allowing for more efficient resource
allocation and waste reduction. This visibility can help in sourcing materials sustainably
and reducing transportation-related emissions. The fourth enabler is flexible material
supply to the assembly stations. Optimized material handling with, for example,
Automated Guided Vehicles, can improve the efficiency of material handling within the
production process. By optimizing material flow, they reduce energy consumption and
the environmental impact of material transportation. A system for workforce upskilling
is the fifth enabler. By using digital training platforms and augmented reality applications
to upskill the workforce for older product assembly processes, the workforce can adapt
to changing product lines and technology, supporting the transition to more sustainable
processes. Implementing knowledge transfer systems that capture and share the expertise
of experienced workers with new employees can be crucial in the context of older product
assembly where tribal knowledge is valuable.

The identified enablers consider the use of digitalization to support remanufacturing
of components. However, our analysis is not specifying what digital technologies should
be applied to achieve the mentioned benefits. For example, a smart quality control and
vision system should include AI technology, but there is still a need to identify what
specific Al is most suitable for a specific production system. Moreover, to ensure useful
data to support remanufacturing, there is a need to investigate the other phases of the data
value chain, not only the data processing. This includes defining what data is missing and
must be collected and what digital technologies should be used for collecting,
communicating, storing, visualizing, and using data [35]. However, even though digital
technology plays an important role when building data value chains for remanufacturing,
it is important not to overlook the aspects related to people and processes since there is a
need to have a holistic perspective on the production system element [22, 24]. Humans
will still play a key role in taking decisions and actions, with the support of data that has
been generated and processed by digital technologies [33]. Considering human factors
such as training, resistance to change and design for human decision support is therefore
critical. Work processes and organizational processes require consideration since they
have an impact on how the company’s way of working, both at the shop floor, within the
organization, and interacts with other stakeholders in the supply chain such as customers

[5].
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6. Conclusion, limitations, future research

This paper has three contributions. First, our paper gives detailed insights into the
strengths, weaknesses, opportunities, and threats of achieving remanufacturing from a
traditional engineering setting. This exemplary case shows that remanufacturing is a
promising approach to reducing waste and improving sustainability, but also that
remanufacturing is very complex as it requires consideration of multiple factors from
different perspectives. Considering these multiple factors, manufacturing companies can
further investigate how they can achieve remanufacturing of components. Second, this
paper opens up an academic dialog on the use of Twin Transition concept in
manufacturing setting considering the case of remanufacturing of components. We hope
that this can create a constructive discussion on conceptualizing Twin Transition concept
in manufacturing. There is a clear overlap in the investments needed within an
organization for remanufacturing and digitalization initiatives. For instance, there is a
need to consider several internal functions within the organization but also external
partners such as customers. Moreover, there is a need to have a holistic perspective on
the different elements in the production system such as people, processes, and technology.
Third, this paper highlighted key enablers for integrating remanufacturing into traditional
production lines, including the need for component lifecycle tracking, smart quality
control systems, flexible material supply, enhanced supply chain visibility, smart
inventory management and optimized material handling, workforce upskilling through
digital training platforms, and knowledge transfer systems. By addressing these
challenges, companies can position themselves to reap the environmental, economic, and
customer benefits of remanufacturing.

One limitation of this research is that it only includes collaboration with one

company in the heavy-duty vehicle industry and five participants representing the
company. This limits the generalizability of the results and might not represent the whole
situation of the company and the heavy-duty vehicle industry. The results from this
research can be transferred to other research contexts but its suitability needs to be
critically reflected upon before its application. One practical implication of the results is
that the remanufacturing enablers could differentiate between companies in the heavy-
duty vehicle industry and other industry sectors, as well as their size, due to the maturity
level of the already integrated or need to integrate digital technologies.
Future research should focus on how remanufacturing can reduce waste and improve
sustainability from a practical standpoint by, for example, conducting more in-depth case
study research investigating what digital technologies should be selected and how they
should be integrated for remanufacturing. Future research should include more
participants and companies from the heavy-duty vehicle industry and other industry
sectors. One interesting focus could be on conducting cross-case analysis highlighting
different remanufacturing strategies for reducing waste and improving sustainability.
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