<]
TUDelft

Delft University of Technology

Document Version
Final published version

Citation (APA)

Rejeb, H. B., Hanski, J., Heikkild, J., Welink, J. H., Peck, D., Zwolinski, P., & Dowling, D. (2025). Designing
Collaborative European Projects for Remanufacturing Education: Lessons Learned from Experimentation with
Universities and Companies. In W. Leal Filho, J. Newman, A. Lange Salvia, L. Viera Trevisan, & L. Corazza (Eds.),
North American and European Perspectives on Sustainability in Higher Education (pp. 869-888). (World Sustainability
Series; Vol. Part F280). Springer. https://doi.org/10.1007/978-3-031-80434-2_48

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright

In case the licence states “Dutch Copyright Act (Article 25fa)”, this publication was made available Green Open
Access via the TU Delft Institutional Repository pursuant to Dutch Copyright Act (Article 25fa, the Taverne
amendment). This provision does not affect copyright ownership.

Unless copyright is transferred by contract or statute, it remains with the copyright holder.

Sharing and reuse

Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without
the consent of the author(s) and/or copyright holder(s), unless the work is under an open content license such as
Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.


https://doi.org/10.1007/978-3-031-80434-2_48

Green Open Access added to TU Delft Institutional Repository

'You share, we take care!’ - Taverne project

https://www.openaccess.nl/en/you-share-we-take-care

Otherwise as indicated in the copyright section: the publisher
is the copyright holder of this work and the author uses the
Dutch legislation to make this work public.



Designing Collaborative European Projects m)
for Remanufacturing Education: Lessons e
Learned from Experimentation

with Universities and Companies

Helmi Ben Rejeb, Jyri Hanski, Jouko Heikkilé, Jan-Henk Welink,
David Peck, Peggy Zwolinski, and Denis Dowling

Abstract This chapter presents the lesson learnt from several European projects
supported by the European Institute of Innovation and Technology (EIT) which
integrated remanufacturing (the process of restoring used products to like-new con-
dition) education into the curriculum of engineering and business programs. The
projects, implemented in partnership with both universities and companies, designed
teaching materials and then experimented with those in formats such as workshops
and online digital nuggets on remanufacturing. The projects’ objective was to foster
a skilled workforce that could contribute to the transition to a circular economy and
to promote sustainable development. The projects emphasized interdisciplinary col-
laboration in order to promote sustainable product design and supply chain manage-
ment. The chapter discusses the pedagogical approaches adopted, and offers
evaluative case studies illustrating successful implementation in different educa-
tional contexts. The projects in question showed that a collaborative approach
between universities and companies was effective in promoting the integration of
remanufacturing education into the curriculum. The outcomes included the devel-
opment of a network of educators and industry professionals who could share best
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practices, experiences, and knowledge related to remanufacturing education. The
projects’ success highlights the importance of collaborative European projects in
promoting sustainable development and fostering a skilled workforce which can
contribute to the transition to a circular economy.

Keywords Remanufacturing - Circular economy - Lifelong learning -
Collaborative projects

1 Introduction

The circular economy is a production and consumption model involving sharing,
leasing, reusing, remanufacturing, refurbishing, and recycling existing materials
and products if possible (Sodiq et al. 2019; Korhonen et al. 2018). In this way, the
life cycle of products is extended. In practice, it implies reducing waste to a mini-
mum (Geissdoerfer et al. 2017). The implementation of circular economy practices
also helps to save energy and to reduce the climate impact of manufacturing new
products creating value from the used materials that would otherwise be landfilled.
Economic growth and rising levels of consumption in both developing and devel-
oped countries have been observed as being deeply coupled with natural resource
usage and material consumption (O’Neill et al. 2018). The increasing need for natu-
ral resources has raised concerns regarding issues such as resource scarcity, undesir-
able environmental impacts due to material extraction, primary production,
suboptimal product disposal, and social or political tensions (Denu et al. 2023).
Product End-of-Life (EoL) options, such as reusing or recycling, attempt to limit or
reduce the amount of waste sent to a landfill, providing strategic means to decouple
the link between economic growth and resource usage. These EoL options have the
potential to (mostly, since contamination of waste streams remains an issue) close
material loops, further utilize wastes as resources, reducing environmental impacts,
conserving natural resources, reducing material prices, and providing job opportu-
nities in developing countries. Remanufacturing, on the other hand, is a unique EoL
option due to increasing the number of life cycles of a product before final disposal.
Remanufacturing can be defined as the process of restoring used or worn-out prod-
ucts to a like-new condition by disassembling, cleaning, repairing, and reassem-
bling them. This often includes replacing or refurbishing parts to ensure the product
meets original specifications and quality standards (Sundin and Bras 2005). In the
ongoing pursuit of a sustainable and circular economy, remanufacturing stands out
as one of the most challenging, yet profoundly important scenarios (Bocken et al.
2016). It has many benefits. First, recurring environmental benefits, such as emis-
sion and raw material extraction avoidance are obtained with each additional prod-
uct life cycle. Second, individual resource efficiency yields increase through product
remanufacture. Resource efficiency, or using more with less input, will continue to
compound with each additional life cycle. Third, recirculating products decrease the
demand and dependency on primary resource production, further closing the
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material loop and creating a more circular economy. In addition, remanufacturing
can initiate preferable EoL options such as recovery, recycling, and waste reduction.

However, the realization of remanufacturing’s full potential depends on cultivat-
ing a skilled workforce, well-versed in the principles and practices of remanufactur-
ing (Ben Rejeb et al. 2020). Education and training play a pivotal role by serving as
the pillar that connects theoretical understanding with practical implementation
(Kirchherr and Piscicelli 2019). At the heart of this educational transformation lies
the collaborative synergy between universities and companies, which has proven to
be a dynamic approach to integrating remanufacturing education into engineering
and business programs (Gonzdlez-Dominguez et al. 2020). These collaborative
projects offer a multifaceted educational experience, creating a platform for learners
to engage directly with real-world challenges, innovative solutions, and industry
best practices.

This chapter outlines the lessons learned from three various European projects
that incorporated remanufacturing education into the engineering and business pro-
gram curricula. The projects were carried out in collaboration with universities and
companies, and entailed designing and experimenting with teaching materials such
as workshops and online digital resources on remanufacturing. This study under-
takes an investigation into two important research questions that are at the heart of
our study of remanufacturing education and collaborative projects. The first research
question focuses on pedagogy and materials, seeking to understand what approaches
and materials have been successful in developing sustainable product design skills
in the context of remanufacturing education. Through analyzing the plans, actions,
and results of these projects, we aim to discover the most effective teaching methods
that have successfully equipped students with the necessary knowledge and abilities
to address the diverse and complex challenges of remanufacturing within a circular
economy. Through this first research angle, our aim is to shed light on the pathways
through which remanufacturing education can be improved and enriched to facili-
tate the development of a competent and adaptable workforce. Our second research
question explores how workshop-based learning materials and activities impact par-
ticipants’ confidence, knowledge, and understanding in the context of remanufac-
turing education. Through examining how these materials affect learning, skills, and
motivation, we aim to reveal valuable insights that can guide the development and
implementation of future education strategies. This investigation into the impact of
teaching materials encompasses the analysis of their influence on knowledge acqui-
sition, skills development, and the cultivation of a proactive mindset towards sus-
tainability and circular economy principles.

2 Literature Review

Many studies have reported that a lack of knowledge and education is a significant
barrier preventing the development of remanufacturing. Firstly, decision makers in
industry and business are lacking awareness of the remanufacturing concept
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(Jansson et al. 2017; Fischer et al. 2017). Secondly, relevant university courses—
like for example engineering, business administration, product and industrial
design—do not yet include the concepts justifying remanufacturing, such as
resource efficiency and waste prevention. Thus, the current education of responsible
persons still rather promotes the linear economy (Fischer et al. 2017). The education
required for remanufacturing extends to a wide range of knowledge and skills con-
cerning the requisite remanufacturing activities (for example disassembly, cleaning
and inspection), the strategic and operative product planning, sourcing of compo-
nents and cores, marketing of products and services, logistics and reverse logistics,
accounting, quality management etc. (Fischer et al. 2017; Koop et al. 2018).
Education on remanufacturing enhances the comprehension of the environmental
advantages linked to remanufactured products (Ijomah 2008). It provides insight
into reduced carbon emissions, resource conservation, and waste reduction which
result from implementing the remanufacturing process (Ramakrishna et al. 2020).
Educating professionals and young engineers about the ecological benefits of
remanufacturing is crucial in promoting sustainable practices in manufacturing and
supply chain management (Gento et al. 2021). Furthermore, education on remanu-
facturing highlights resource efficiency as a crucial principle of circular economies
(van Dam et al. 2020). Training on remanufacturing provides individuals with the
necessary skills to maximize resource utilization by refurbishing and renewing
products (Kurilova-Palisaitiene et al. 2018). This focus on resource optimization
aligns with the circular economy’s objective to minimize resource extraction and
waste generation (van Dam et al. 2020). Additionally, remanufacturing education
emphasizes the financial viability of such practices, taking both environmental and
economic factors into consideration (Wang et al. 2021). It provides individuals with
the knowledge to assess the cost-effectiveness and profitability of remanufacturing
businesses (Sun and Liu 2023). This economic viewpoint is key to promoting entre-
preneurship and innovation in the remanufacturing industry (Mortati 2015).
Remanufacturing education typically employs an interdisciplinary approach that
integrates varied fields, such as engineering, business, and environmental studies
(Arredondo-Soto et al. 2019). The cross-disciplinary nature of this approach facili-
tates integrated problem-solving and collaboration, which are essential components
in tackling the intricate challenges related to the circular economy (Kurilova-
Palisaitiene et al. 2018). Collaborative expertise and cross-disciplinary collabora-
tion are pivotal to propel sustainability initiatives forward, as emphasized by Gento,
Pimentel and Pascual (Gento et al. 2021). Remanufacturing education is a concept
that holds relevance across borders, as noted by Karvonen et al. (2017). As countries
worldwide prioritize sustainability, especially amid pressing environmental crises,
the need to implement remanufacturing principles becomes increasingly impera-
tive, as emphasized by Abdulla et al. (2023). Remanufacturing has been developed
differently in different sectors. For instance, in the automotive and aerospace sectors
remanufacturing is well established, while—for example—in the construction sec-
tor remanufacturing is still quite underdeveloped (Arnold et al. 2019; Parker et al.
2015). Currently knowledge is shared, and remanufacturing is promoted, mostly
within each sector. Measures for cross-sectoral knowledge transfer are thus needed
(Parker et al. 2015). International collaboration and knowledge sharing are crucial
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in the field of remanufacturing education as they help tackle shared challenges and
achieve global sustainability objectives (Ben Rejeb et al. 2020). Interdisciplinary
collaboration and industry-academic partnerships are essential for promoting sus-
tainability by bringing together diverse expertise, fostering innovation, enabling
real-world implementation, and facilitating evidence-based decision-making
(Annan-Diab and Molinari 2017; Orecchini et al. 2012). Therefore, collaborative
and interdisciplinary industry-academic efforts can effectively address the complex
sustainability challenges and create a more sustainable future. The aim for this
chapter is to highlight the importance of collaborative European projects in promot-
ing remanufacturing and fostering a skilled workforce that can contribute to the
transition to a circular economy.

3 Methodology

After explaining how remanufacturing education plays a vital role in promoting
sustainability and transitioning to a circular economy, this chapter moves on to
focus on the methodological basis of our research. In this section, we will examine
the three important European projects that serve as the foundation for our study:
RemanPath (Reman Path Finder), CARED (Catalyse Remanufacturing through
Design Bootcamp) and LRM (Lean Re-Manufacturing). These projects were
planned and carried out by researchers and industry partners, with the support of the
European Institute of Innovation and Technology (EIT). They all aimed at integrate
remanufacturing education into engineering and business curricula, to train future
workers to drive sustainable practices. By examining the methods used in these
projects, we obtain a better understanding of how education, practice, and sustain-
ability connect. This section presents a complete view of how these projects were
thought up, designed, and put into action.

3.1 Presentation of EIT Projects (RemaPath, CARED, LRM)

Reman Path Finder (RemanPath) was a project funded by EIT Raw Materials, and
was carried out in years from 2018 to 2020 (RemanPath 2020). VTT Technical
Research Centre of Finland coordinated the project, the other participants being
Coventry University, Grenoble Institute of Technology, Technical University of
Delft, Wuppertal Institut fiir Klima, Umwelt, Energie, and Oakdene Hollins. The
Reman Path Finder project aimed to support European industries to move towards
resource efficiency. The instrument for this was the creation of learning material and
setting up of learning activities based on interaction, as well as the subsequent shar-
ing of experiences within industries and SMEs. The developed educational learning
package supports SMEs in developing their own remanufacturing activities and in
developing new innovative business models. The output of the project was a learn-
ing package which was developed in the project, tested first in pilot workshops, and
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then further developed and validated in the second round of workshops. 14 work-
shops with were arranged for 96 company professionals in Finland, France,
Germany, the Netherlands, and UK. The finalized RemanPath learning content
includes the “Reman Path Process Map”, “Reman Checklist”, “Introduction to
remanufacturing, a remanufacturing case study”, as well as advanced information
for participants of workshops, and workshop invitation and schedule templates
(RemanPath 2020). The project also included a market feasibility study and a deliv-
ery channel study concerning remanufacturing education for industry, as well as a
raw material impact assessment study.

The Catalyse Remanufacturing through Design Bootcamp (CARED) project was
funded by EIT Raw Materials, and was carried out in years 2019 and 2020. VTT
Technical Research Centre of Finland coordinated the project and the other partici-
pants were Grenoble Institute of Technology, Technical University of Delft, and
Metso Outotec company. The CARED project developed, and made available, train-
ing concerning design for remanufacturing. The training was carried out in the form
of bootcamps where a group of company representatives from different functions
learn about remanufacturing and—with bootcamp exercises—collaboratively elabo-
rate on and study what remanufacturing would mean for their own business in prac-
tice. While the earlier RemanPath workshops were aimed for companies just exploring
their opportunities in remanufacturing business, CARED bootcamps offered the next
step for companies which had decided to start remanufacturing. The training materi-
als and bootcamp was tested with two iterations of bootcamps provided for compa-
nies in Finland, France and the Netherlands. In total ten bootcamps was arranged with
93 participants. Due to the Covid-19 pandemic, most of the bootcamps were orga-
nized online in 2020. The project included also a market feasibility study concerning
remanufacturing educations for companies. The material package developed in the
CARED project include: “Remanufacturing theory presentation, with case studies”, a
“selection matrix tool for product selection for remanufacturing”, a “Reman Process
Map”, a “Reman Checklist” and a “Remanufacturing business model based on the
triple layered business model canvas”. Agenda options were structured, so that a boot-
camp agenda can be tailored to meet a company’s or company group’s needs whether
they are a newcomer in remanufacturing or more experienced. Key phases of organiz-
ing and running of CARED bootcamp are presented in Fig. 1.

The Lean Re-Manufacturing (LRM) project was funded by EIT Manufacturing
during 2022 and 2023. TU Delft coordinated the project, and other partners were
University College Dublin, the Grenoble Institute of Technology, and VTT. This
project was focused on the development of training content on lean remanufacturing
with the objective of helping to minimize waste and improve productivity. The
course content included the development of practical examples of the use of key
supporting technologies, within an advanced manufacturing environment. The
objective was to deliver a minimum of 16 workshops in four countries to a minimum
of 110 industry trainees. This workshop-based course aimed at manufacturing pro-
fessionals and brings “Lean” together with ‘Remanufacturing’. Further, the project
produced digital learning nuggets, which are made available on EIT Manufacturing’s
online learning platform. The learning goals of LRM trainings encompassed a
multi-faceted approach. Participants were expected to develop the capability to
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Fig. 1 CARED bootcamp phases

implement generic lean-remanufacturing principles within their own work environ-
ments and organizations. This included fostering collaboration with value chain
stakeholders, customers, as well as suppliers, and the pivotal task of crafting a fun-
damental circular-remanufacturing business model. Additionally, the trainings
aimed to equip participants with the skills to openly exchange information, evaluate
the relevance and quality of data, and synthesize essential knowledge within the
context of lean-remanufacturing. These multifaceted learning objectives were
designed to provide participants with a holistic and adaptable skill set, aligning them
with the complexities and demands of contemporary remanufacturing practices.

3.2 Data Collection

To comprehensively assess the workshops, we employed a well-structured method-
ology informed by best practices in education and evaluation. This approach
involved administering a detailed questionnaire to workshop participants, aligning
with contemporary educational research emphasizing effective assessment tech-
niques (Mory 2004; Molloy and Boud 2014). The questionnaire, provided in both
paper-based and online formats, adhered to established principles of survey design
to ensure data integrity (Koivula and Sivonen 2022). The dual-part questionnaire
reflected the workshop’s progression. The initial survey (Appendix 1) collected
general participant information, and assessed their initial understanding of remanu-
facturing concepts using an eight-statement evaluation grid. It included an evalua-
tion grid consisting of eight statements. This grid served as a diagnostic tool to
measure participants’ initial levels of understanding. The second part of the ques-
tionnaire (Appendix 2) reevaluated participants’ knowledge, allowing a quantitative
analysis of the workshop’s impact, aligning with active learning research (Prince
2004). Additionally, the post-workshop segment featured both semi-open and open-
ended inquiries in line with best practices in qualitative data collection (Black and
Wiliam 1998). These inquiries were designed to gain insights into participants’ per-
spective on primary learning outcomes, unexplored aspects that future workshops
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could address, ideal workshop durations for effective remanufacturing education,
and the specific barriers that organizations might face when initiating remanufactur-
ing projects. A set of barriers identified from Gunasekara, Gamage and Punchihewa
(Gunasekara et al. 2018) propose predefined options such as “Lack of profitability”,
“Lack of training”, “The need for funding”, “Concerns over regulatory aspects” and
“Other priorities”. The open-ended nature allowed participants to offer insights
beyond predefined options.

In total, about 300 participants engaged in the three projects’ activities organized
primarily by partner universities. For questionnaire analysis, 112 responses were
considered, as some were incomplete or differed across projects and workshops.

4 Results and Data Analysis

The remanufacturing workshops, initially in-person, transitioned in some cases to
hybrid or fully online formats following the COVID-19 pandemic, incorporating
online whiteboard tools. Across the three projects, three distinct workshop tem-
plates were delivered, focusing on remanufacturing education. The “Introduction to
Remanufacturing for Manufacturing Companies” template targets manufacturing
firms seeking foundational knowledge of remanufacturing. The workshop covers
key topics in sustainable manufacturing, legislative impacts, and the potential cost-
saving benefits of remanufacturing. It also explores reasons to embrace remanufac-
turing, risk mitigation factors, and business opportunities. Practical tools, namely
the “Reman Checklist” and “Remap Process map, are introduced. Real-world case
studies and regional circular ambitions are discussed, along with financial support
opportunities. Technical and business considerations are addressed, concluding
with a review and feedback session.

The “Reasons for Going Sustainable - Circular Design Opportunities for
Manufacturing” template is designed for manufacturing companies with broader
sustainability interests. It begins with a feedback session and explores sustainability
from environmental, social, and financial perspectives. The workshop analyzes sus-
tainability’s impact on climate, energy, materials and discusses remanufacturing
case studies. Policy drivers and group discussions are covered, along with strategies
for sustainable product and service development. Attendees learn about eco-design,
R-strategies, the “Reman Checklist”, and the “Reman Process Map”, concluding
with a wrap-up session.

The “Case-Driven Remanufacturing Workshop” offers an in-depth look at exist-
ing remanufacturing case studies. It starts with a feedback session and explores
sustainability challenges, product design, remanufacturing processes, and business
models. Real-world remanufacturing cases are analyzed, using tools such as the
“Reman Process Map” and “Reman Checklist”. The workshop promotes collabora-
tive teamwork, ending with a feedback session.

These templates provide a comprehensive approach to educating manufacturers
about remanufacturing, addressing various needs and goals, and equipping
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participants with a solid understanding of remanufacturing and its applications in
the circular economy.

The effect of workshop activities on participants’ understanding of remanufac-
turing is a crucial focus of our research, which is demonstrated through a set of
charts. These charts used for evaluating the effectiveness of our workshop models in
boosting participants’ knowledge and insight. Through analyzing these graphs, we
aim to provide a clear and data-driven assessment of the transformative impact these
workshops have on the understanding of remanufacturing principles and their prac-
tical application. The data collected from the survey responses before and after the
workshop provides valuable insights on the impact of the educational intervention
on participants’ understanding of remanufacturing. Before the workshop, partici-
pants levels of agreement with key statements related to their grasp of remanufac-
turing concepts and their applications is presented in Table 1.

The transformative impact of the workshop is evident in the post-workshop
responses as Table 2 shows.

These charts reveal the educational journey of participants and emphasize the
importance of experiential learning in cultivating a thorough understanding of
remanufacturing’s role in sustainable manufacturing and the circular economy. In
the following section, we present the concise and objective findings from these
charts, providing a comprehensive assessment of how our workshops enhance the
proficiency of participants in remanufacturing.

wNot completely agree = Strongly dsagree = Rather sgree m Tolally agres

-80% -60% -40% -20% 0% 20% 40% 60% 20% 100%

I am able to project the concepts I know in remanufacturing on other circular scenarios

Before the workshop

I can consider new partnerships if my company launches remanufacturing activities

I can identify my company’s position in the remanufacturing value chain

I fully understand the importance of design activities for remanufacturing

I fully understand what remanufacturing is

I identify value creation opportunities that my company has through remanufacturing

I understand completely the different business models of remanufacturing in relation to the CE

Table 1 Participants’ understanding of remanufacturing before the workshops
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=Nct completely agree  mStrongly dssgree  © Rather sgree  ® Totally sgree

-80% 80% -40% -20% 0% 20% 40% 60% 80% 100%

After the workshop

I am able to project the concepts I know in remanufacturing on other circular scenarios

I can consider new partnerships if my company launches remanufacturing activities

I can identify my company’s position in the remanufacturing value chain

I fully understand the importance of design activities for remanufacturing

I fully understand what remanufacturing is

I identify value creation opportunities that my company has through remanufacturing

I understand completely the different business models of remanufacturing in relation to the CE

Table 2 Participants’ understanding of remanufacturing after the workshops

5 Discussion and Lessons Learnt

Table 1 revealed a number of notable pre-workshop disparities. For example, par-
ticipants expressed limited agreement on projecting remanufacturing concepts (7%
“Totally agree”) and considering new partnerships (13% “Totally agree”), high-
lighting initial skepticism. Statements regarding design activities and remanufactur-
ing’s essence indicated room for improvement. After the workshops, Table 2
displayed significant improvement. After the workshop, 85% were confident pro-
jecting remanufacturing concepts (“Totally agree” and “Rather agree” answers
combined), and 70% were open to new partnerships. Comprehension of design
activities and remanufacturing principles also saw a boost, with 64% and 70%
agreement. The workshop effectively broadened perspectives on value creation
opportunities and different business models within the circular economy, with 69%
and 87% “Totally agree” and “Rather agree” answers.

While the analysis of the survey results showed significant progress in enhancing
participants’ understanding and appreciation of remanufacturing, there is always
room for further improvement. One consideration when launching remanufacturing
activities is exploring “new partnerships”. While post-workshop data showed
increased agreement among participants with this statement, it is important to note
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that openness to new partnerships can be further optimized. Collaborating with mul-
tiple stakeholders, such as suppliers, customers, and organizations, is vital in reman-
ufacturing to establish a holistic circular value chain. It may be worth examining
ways to further enhance the mindset of workshop attendees to foster even greater
collaboration. Additionally, the post-workshop data revealed a significant improve-
ment in participants’ comprehension concerning “identifying opportunities for
value creation”. However, there is ample space to further explore the intricacies of
value creation in the context of remanufacturing. Further discussions, practical
exercises, or case studies, during the workshop could facilitate a more comprehen-
sive exploration of the different opportunities for value creation that remanufactur-
ing provides. This would allow participants to not only recognize but also fully
utilize these opportunities. Moreover, while there was a noticeable improvement in
responses to the “various Remanufacturing business models in relation to the circu-
lar economy” statement, a more in-depth investigation into this topic could lead to
even greater insights. Expanding the workshop’s focus to include comprehensive
case studies and real-world examples of successful circular economy business mod-
els could help participants to better understand the complexities and opportunities
in the field. The first research question regarding pedagogy and materials in remanu-
facturing education is addressed through the three workshop templates employed in
the RemanPath, CARED, and LRM projects. These templates were tailored to cater
to the diverse needs of manufacturing firms. The “Introduction to Remanufacturing
for Manufacturing Companies” template provided a comprehensive understanding
of remanufacturing, emphasizing hands-on learning with tools such as the “Reman
Checklist” and “Remap Process Map”. The “Reasons for Going Sustainable -
Circular Design Opportunities for Manufacturing” template expanded the scope to
sustainability and circular design, fostering interdisciplinary collaboration through
feedback sessions and group discussions. The “Case-Driven Remanufacturing
Workshop” delved into in-depth case studies, promoting collaborative teamwork
and practical application of remanufacturing knowledge. These templates were
adaptable to various workshop formats, whether in-person, hybrid, or fully online,
highlighting their effectiveness in enhancing interdisciplinary collaboration and
sustainable product design skills. The flexibility in duration allowed for customiza-
tion to meet the specific needs and preferences of participants, further demonstrat-
ing the importance of pedagogy and materials in remanufacturing education. They
served as pedagogical tools that facilitated knowledge transfer and skill develop-
ment, demonstrating the importance of pedagogy and materials in remanufacturing
education.

Over the course of three projects RemanPath, CARED and LRM, workshops
have been organized in manufacturing companies in various sectors such as auto-
motive, marine, mining, heavy machinery manufacturing, etc. These companies
have mostly had limited experiences or information about remanufacturing, but
have been interested to identify the potential of remanufacturing for their business.
The results of the questionnaires demonstrated a clear transformation in partici-
pants’ confidence and knowledge levels before and after the workshops, directly
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addressing the second research question. Before the workshops, participants
expressed limited agreement with statements related to remanufacturing concepts
and new partnerships, indicating skepticism and uncertainty. However, after the
workshops, there was a substantial increase in the “Totally agree” category, high-
lighting a remarkable shift in participants’ confidence and knowledge. The post-
workshop responses reveal improved comprehension of design activities,
remanufacturing principles, value creation, and different business models, with a
substantial percentage of participants agreeing with these concepts after the work-
shop. Based on this analysis, we provide a list of key insights and recommendations
for educators, policymakers, and industry professionals interested in integrating
remanufacturing education into curricula.

Industry-academic partnerships: Companies and academic partners have varying
motivations for collaboration. Academia seeks collaboration with industry to sup-
plement funds for academic research, test the practical application of research and
theory, gain insights in the area of research, further the university’s outreach mis-
sion, look for business opportunity, gain knowledge about practical problems useful
for teaching, create student internships and job placement opportunities, secure
funding for research assistants and laboratory equipment, or look for business
opportunity (Ben Rejeb et al. 2020; Orecchini et al. 2012; Lee 2000; Annan-Diab
and Molinari 2017; Annan-Diab and Molinari 2017; Gunasekara et al. 2018). Based
on our experiences, remanufacturing workshops are a means for academia to begin
collaboration discussions with companies interested in remanufacturing, provide
state-of-the-art knowledge and learn about the practical challenges, opportunities
and drivers that the companies face. Companies seek collaboration with academic
partners to solve specific technical or design problems, develop new products and
processes, conduct research leading to new patents, improve product quality and to
reorient R&D agenda (Gunasekara et al. 2018; Lee 2000; Orecchini et al. 2012).
The frontrunners are interested to finetune their manufacturing and remanufacturing
processes over the product life cycles and optimize the environmental, social and
economic impacts over the life cycle.

Interdisciplinarity: Remanufacturing is a complex R-strategy that involves peo-
ple from several functions in companies. As an example, core takeback and remanu-
facturing may require input from sales, aftersales, manufacturing, repair &
maintenance, product information management, environmental, waste management
and legal departments. To provide rich research data and understand the challenges
and opportunities in the interplay of the departments, crucial departments should be
involved in the workshops.

Type of educational activity: Because of interdisciplinarity and varying motiva-
tions for remanufacturing workshops, a one-size-fit-all workshop approach might
not work. Factors that affect the nature of the workshop include: (1) Target audi-
ence. Educational workshop for students, a workshop for multiple companies or a
workshop for multiple departments within a single company. (2) Workshop content.
Workshop could provide a general overview of remanufacturing or be more specifi-
cally focused on a certain topic such as remanufacturing process or business
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models. (3) Online, hybrid or physical workshop. (4) Length. It could be anything
from a couple of hours to a couple of days.

Sustainability assessment in remanufacturing: With the emergence of global and
EU regulation on identifying the sustainability footprint of products, companies are
investing in optimizing the environmental footprint and sustainability impact of
their operations. There is a need for new training and competencies for assessing the
sustainability of companies and the potential benefits brought by remanufacturing
and other R strategies.

6 Conclusion

This chapter has outlined the lessons learned from three European projects that
incorporated remanufacturing education into the engineering and business program
curricula. The projects were carried out in collaboration with universities and com-
panies, and entailed designing and experimenting with teaching materials such as
workshops and online digital resources on remanufacturing. The specific research
questions were: what the most effective teaching methods that have successfully
equipped learners with the necessary knowledge and abilities to address the diverse
and complex challenges of remanufacturing within a circular economy, and how
learning materials affect learning results and increase learners’ involvement in
remanufacturing education.

In the literature, the lack and need for remanufacturing related awareness, knowl-
edge and skill in industry and business is highlighted as a substantial barrier pre-
venting escalation of remanufacturing. And in a broader perspective, the lack of
sustainability education in technical, management, and business education is seen
contributing to that most decision makers stick with linear economy production and
business models. Remanufacturing requires new knowledge in various disciplines
such as engineering, business, and environmental studies. Furthermore, establishing
remanufacturing is more complex and requires more systemic operations models
compared to linear economy solutions. Therefore, interdisciplinary approach is
essential already in remanufacturing education. In transition towards the more sus-
tainable world, the dialogue between theory and practice, and common efforts of
academy and industry are needed to overcome the long and strong tradition of linear
economy. In the three projects, the remanufacturing education concept, tools and
materials were developed and evaluated by arranging practical education events—
workshops and bootcamps—for industry representatives. Self-assessment of learn-
ing was carried out, feedback was collected, and trainers reflected the learnings
from using the concepts, tools and materials. Participants’ knowledge on the topic
before the education varied considerably over the evaluation scale. This could be
expected in the cases where participants are different professionals from companies.
The lowest level of knowledge was concerning the remanufacturing business mod-
els and value creation, company’s position in the remanufacturing value chain, and
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application of remanufacturing concepts. Highest were the understanding about the
importance of design for remanufacturing and the concept of remanufacturing itself.
The evaluations after the event showed notable progress in all evaluated topic, but
especially concerning business models and application of remanufacturing con-
cepts. The least just slightly improved topic was about exploring “new partnerships”
when launching remanufacturing activities. This topic needs to be strengthened in
forthcoming remanufacturing education. The significant part of education was that
participant applied the provided tools to explore remanufacturing process and readi-
ness in the practical cases—either provided or company’s own. The discussion
between the participants in order to reach shared understanding was an essential
part of the use of the tools. This accompanied with the information shared by differ-
ent remanufacturing experts proved to be a fruitful solution. Adjusting the education
with the actual company situation and need was also identified as important success
factor. Interdisciplinarity is inevitable in case of complexity of remanufacturing. It
was also beneficial for the education itself.
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Initial Questionnaire (Before the Workshop)

Initial survey

Thank you for taking part in this workshop. Please answer these questions to find out what you think
workshop and in order to collect your ideas about future perspectives. The results will be used anony
develop future workshops and for research work.

1. Name, organisation?

883

Remanufacturing
LeanReManufacturing > Remanufacturing workshop
Lean
Date:

about the
mously to

2. Size of your organisation?
O Less than 50 employees
O Between 50 and 500 employees
O Between 500 and 5000 employees
O More than de 5000 employees
3. How would you qualify your remanufacturing and Lean experience and knowledge prior to your
participation in this workshop?
Remanufacturing experience Lean experience
O No know-how or knowledge on the subject O No know-how or knowledge on the subject
O Alittle know-how and general knowledge O Alittle know-how and general knowledge
O Fairly good knowledge from past O Fairly good knowledge from past
experience experience
0 Expert 0 Expert
4. Have you attended workshops on remanufacturing in the past?
O Yes—if possible to specify,
O No
5. Do you know of other workshops or trainings on the remanufacturing topic?
O Yes—if possible to specify,
O No
. . . Strongly Not Rather Totally
6. Your experience with Remf-mufacturmg disagree completely agree agree
Please select the appropriate answer => a
gree
| fully understand what Remanufacturing is o o o o
| understand completely the different business models of
A . . o o o o
Remanufacturing in relation to the circular economy
| can identify my company’s position in the
. X o ) ) o
Remanufacturing value chain
| can consider new partnerships if my company launches
. o o o o o
Remanufacturing activities
| identify value creation opportunities that my company has
N o o o o
through remanufacturing
| fully understand the importance of design activities for ° ° ° °
Remanufacturing
| am able to project the concepts | know in remanufacturing ° ° ° °
on other circular scenarios
| think Lean principles can be implemented in
o o o o

remanufacturing for better circularity

7. Expectations from this workshop on remanufacturing?
What are your expectations and what do you hope to learn or discover?
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Final Questionnaire (After the Workshop)

Remanufacturing
LeanReManufacturing ’ Remanufacturing workshop
Lean
- Date:

Evaluation questionnaire
Thank you for taking part in this workshop. Please answer these questions to find out what you think about the
content and in order to improve it in the future.

1. Name, organisation?

2. Your understanding of remanufacturing after ~ Strongly Not Rather Totally

attending this workshop disagree completely agree agree
Please select the appropriate answer => agree

| fully understand what Remanufacturing is o o o o

| understand completely the different business models of o [e] o o

Remanufacturing in relation to the circular economy

| can identify my company’s position in the o o o o

Remanufacturing value chain

| can consider new partnerships if my company launches o o o o

Remanufacturing activities

| identify value creation opportunities that my company has o o o o

through remanufacturing

| fully understand the importance of design activities for o o o o

Remanufacturing

| am able to project the concepts | know in remanufacturing o o o o

on other circular scenarios
| think Lean principles can be implemented in
remanufacturing for better circularity

3. What did you appreciate in this workshop?

4. What did you learn and what new ideas did you get after this workshop?

b

Are there other aspects that should have been addressed?

In your opinion, what could prevent companies from taking up Remanufacturing?
Lack of profitability

Lack of training

The need for funding

Concerns over regulatory aspects

There are other priorities

Other,

How can we improve the content of the workshop?

NOoOooDoooge

How long should a workshop on remanufacturing last?
Half a day

One day

Two days

One week

More than two weeks

Other,

© DOoOoODO®

How much do you think such training should cost?
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The Reman Process Map

(REMANPATH

pathways

PROCESS MAP

}

7. final testing

Who is capable of the final testing of your product?
Your company, existing partners, or new partners?

6. reassembly
Viho is capable of the reassembly of your product?
Your company, existing partners, of new partners?

2

S

3. use as-is inventory
Which components will most ikely
be used as-is?

4.repair shop
Which components will most likely
be sent to the repair shop?

iy

5.recycling / waste
Which components will most ikely
be thrown into recycling or waste?

-

B

Who is capable of collecting your products at their
end of use? Your company, existing partners, or new

1: core return

partners?

2.disassembly and cleaning
Viho is capable of the dissasembly and repair of your
product and its components? Your company, existing
partners, or néw partners?

885
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The Reman Checklist

( R’E‘K»“\X”rlighl\m

THE REMAN CHECKLIST

Is your product or company suitable for remanufacturing? When it comes to remanufacturing, what are
your existing opportunities? What are the barriers that need to be overcome? Answer the following
questions to find out.

MARKET POTENTIAL

CUSTOMERS & MARKETS [Y]N]
could remanufacturing improve the brand, recognition, and reputation of your ¢

are customers accepting of remanufactured products?

is there a separate target market for remanufactured products?

OTHER ISSUES [ Y|N]
does legislation allow for facture goods?

is sustainability seen as the company’s way of doing business?

PRODUCT AND PRODUCTION
[ProDUCTSTRUCTUREGDESIGN V|

is the product modular, or designed to be (easily) dismantled?
has the product been designed from the perspective of life cycle costs?
are the safety requirements relating to the product low?
N
is there a relationship between sales and after-sales?
is the testing of remanufactured products straightforward?
N
does the product have a high retained value?
is the rate of change for the product slow?

REVERSE LOGISTICS

BUSINESS MODEL & MARKETS m
is the recovery of products included in the business model?

are there good logistical connections in the market?

is the recovery of products unrestricted by customs, tariff, or other border formalities?

LOGISTICS | N]
is the length of the product’s life possible to predict?

is the storing of products (cores) possible / affordable?

can the existing sales and distribution channels be utilised for remanufactured products?

is there an efficient system of reverse logistics with which products can be collected?

is there an incentive system that encourages customers to return their products?

@D
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