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Abstract. Reconfigurable manufacturing systems (RMS) have since the
introduction almost two decades ago been recognized as the future of manufacturing.
In line with a rapidly increasing customer demand for mass customization, RMS
have been found to be a solution for managing frequent product introductions whilst
keeping a high production efficiency. However, in recent years the focus has partly
shifted from producing solely from an economic standpoint towards establishing a
triple bottom line of sustainability, i.e., taking economic, social and environmental
perspectives into consideration. Some authors have found RMS as an enabler for
sustainable manufacturing, however, this needs further investigation. This paper
aims through a literature review at describing and summarizing the hitherto
conducted research on RMS and sustainability. A literature review in the database
Scopus was carried out and a total of 265 papers were initially reviewed. Two
categorizations of prominent papers were carried out: an initial categorization and a
categorization according to the triple bottom line of sustainability. Based on these
categorizations, the hitherto conducted research on RMS and sustainability was
described. Several frequently discussed sustainability factors were identified, as
well as suggestions of future research.
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1. Introduction

Reconfigurable manufacturing systems (RMS) have since the introduction almost two
decades ago been recognized as the future of manufacturing systems [1]. In line with a
rapidly increasing customer demand for mass customization, the characteristics of an
RMS have been found to be a solution for managing frequent product introductions and
fluctuating capacity requirements, whilst having a prolonged system lifetime.
Characteristics  including modularity, integrability, scalability, diagnosability,
convertibility and customization have been described as underlying factors enabling this
capability [2]. However, in recent years, companies’ attention has shifted from solely
focusing on economic performance towards establishing a triple bottom line approach,
i.e. taking economic, societal, and environmental sustainability into consideration in
manufacturing. The RMS was previously solely introduced for reaching goals of cost-
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efficiency and responsiveness. However, RMS is able to accomplish more than this and
is obviously a step towards sustainability [3]. This has been found to be necessary in
order to achieve sustainable manufacturing. RMSs have been expressed as capable of
being the foundation for achieving sustainable manufacturing [4], whilst also as an
enabler for establishing circular supply chains and re-manufacturing [5]. Still, further
clarifications of how RMS lead to sustainable manufacturing are necessary. One way to
achieve this is to describe and summarize the hitherto conducted research on RMS and
sustainability, and thus enable the possibility of identifying how sustainability has been
addressed in RMS research. By doing this, it will also be possible to highlight gaps in
this research. Thereby, the identification and suggestions of future research trends is also
achievable. In order to achieve this, the following research question was formulated:
How has sustainability been considered in hitherto conducted RMS research?

2. Reconfigurable manufacturing systems and sustainable manufacturing
2.1. Reconfigurable manufacturing systems

As a response to increasing demands for mass customization, the concept of the RMS
was proposed in the 1990s by professor Yoram Koren [6]. In contrast to the other two
major manufacturing systems, i.e. flexible and dedicated manufacturing systems, the
RMS is based on an inherent ability to be reconfigured into fitting current needs, which
is enabled through its six core characteristics [2,7]:

e Modularity — the ability to adjust production equipment and operations by
utilizing an inherent modular structure.

e Scalability — the ability to scale up or down production capacity by removing
or adding machines, tools, fixtures, etc.

o [Integrability — the ability to use standardized interfaces in order to achieve quick
changes in production equipment.

e Diagnosability — the ability to instantly identify root causes of product and
operational defects.

o Convertibility — the ability to convert system functionality to match new
production requirements.

e Customization — the ability to customize system flexibility according to
changing product family requirements.

2.2. Sustainable manufacturing

The sustainable performance in manufacturing has grown to become a significant area
of importance. Primarily since it plays a major part in reducing negative environmental
impacts, developing social welfare and contributing to sustainable economic growth [8].
As a way of conceptualizing the notion of sustainability in the manufacturing industry,
the idea of sustainable manufacturing has emerged [8]. This is based on the Brundtland
commission’s definition of sustainable development, who describe it as “development
that meets the needs of the present without compromising the ability of future generations
to meet their own needs” [9]. The tripartite focus within the definition by Brundtland sets
the foundation for a concept called triple bottom line of sustainability, which was coined
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by Elkington in 1994 [10]. The concept is based on the idea that a company’s success
and well-being should not solely be evaluated as a financial performance, but also as a
matter of social and environmental performance as well [11]. Thus, sustainable
manufacturing can be recognized as one of the key components for achieving a global
sustainable development [8].

3. Research methodology

A literature review was systematically carried out with the objective of identifying and
describing how sustainability previously has been addressed in RMS research. The
search was carried out in the database Scopus using a tripartite area search, including
“reconfig*”’ or “changea*”, “manufacturing” or “production” and “sustaina*” or
“circular”. The literature review initially included a total of 265 papers. After the search,
a filter excluding papers not written in English was added, thus removing 14 papers. The
abstracts of the remaining papers were read, and papers considered relevant were
included for the next step. In total 103 papers remained after reading the abstract. The
majority of the removed papers were identified as non-relevant due to irrelevant subject
or area. Many of these papers discussed the development and production of
reconfigurable antennas, hence belonging to an irrelevant area for this literature review.
The next step included reading the entire paper. In total, 46 papers remained after
finalizing this step. Hence were 57 papers excluded from the literature review. Many of
the removed papers did not include sustainability or RMS in the full text, solely in the
abstract, hence they were removed from the literature review. However, an additional 6
papers were added through applying backwards snowballing based on a few prominent
papers. The next step in the literature review included categorizing the contents of the
remaining papers. This was achieved in two parts: an initial categorization and a
sustainability categorization according to the triple bottom line of sustainability. The
initial categorization was inspired by Boldt et al. [12] and involved a matrix consisting
of four fields, including whether reconfigurability had been in focus or only mentioned
in the paper, and whether sustainability had been in focus or only mentioned. Since the
purpose implied a focus on sustainability and reconfigurability, the papers included in
the literature review must have focused on both areas in order to be included in the next
categorization. Hence, only papers found to be belonging to the matrix category of
having both sustainability and reconfigurability in focus were used in the second
categorization, i.e. according to the triple bottom line of sustainability. During the second
categorization, the papers were also analyzed according to how these were connected to
certain sustainability perspectives, in order to enable the possibility of further describing
each perspective.

4. Classification of literature

The initial categorization comprised of 52 papers in 4 matrix fields. Out of these papers,
1 paper was found to have mentioned both sustainability and reconfigurability, 3 papers
focused on sustainability but only mentioned reconfigurability, 15 papers focused on
reconfigurability but only mentioned sustainability, and 33 papers focused on both
sustainability and reconfigurability (see Figure 1). As an example, Azab et al. [13]
developed a framework for planning, evaluating and restructuring RMS. Hence a clear
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focus on reconfigurability was present. The suggested framework was proposed to be

synchronized with sustainable methods, otherwise sustainability was not discussed any
further, hence the paper was found to be solely mentioning sustainability.

33 papers

In focus

Sustainability

15 papers

Mentioned

Mentioned In focus

Reconfigurability

Figure 1. Sustainability and RMS matrix

The papers identified as belonging to the category of having both reconfigurability
and sustainability in focus were included for the second categorization. A total of 33
papers were included for this stage. These papers were published between 2011-2021,
whereas the majority was published in 2018 or later, as illustrated in Figure 2.

Year of publication

Number of publiations

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Year

Figure 2. Year of publication summary

The 33 papers were categorized according to the three perspectives of the triple
bottom line of sustainability, and specified which of the three categories they include, i.e.
economic, environmental and social sustainability, see Table 1. The categorization was
based on the papers having a clear connection to certain sustainability perspectives, either
through an explicit statement or a clear focus in the full text.



E Skéirin et al. / Considering Sustainability in RMS Research 785

Table 1. Sustainability breakdown

Author(s) Year Reference Eco. sust. Env. sust. Soc. sust.
Bi 2011 [14] v v

Ghani et al. 2011 [15] v

Garbie 2013 [16] N

Fasth-Berglund & Stahre 2013 [17] v
Copani & Rosa 2015 [18] v

Peukert et al. 2015 [19] v v N4
Barwood et al. 2015 [20] v

Aljuneidi & Bulgak 2016 [21] NG

Ghanei & AlGeddawy 2016 [22] v N

AlGeddawy & ElMaraghy 2016 [23] N

Dubey et al. 2017 [24] v

Badurdeen & Jawahir 2017 [25] v v

Aljuneidi & Bulgak 2017 [26] N

Lee et al. 2017 [27] v v v
Koren et al. 2018 [3] v N v
Huang et al. 2018 [28] v N

Touzout & Benyoucef 2018 [29] v N4

Abdi et al. 2018 [30] NG v

Touzout et al. 2018 [31] NG v

Touzout & Benyoucef 2019 [32] v v

Khezri et al. 2019 [33] v

Tolio et al. 2019 [34] v

Brunoe et al. 2019 [5] N

Ghanei & AlGeddawy 2020 [35] v N

Massimi et al. 2020 [36] v

Paul et al. 2020 [37] v v v
Kurniadi & Ryu 2020 [38] v NG v
Olabanji & Mpofu 2020 [39] v v v
Bockholt et al. 2020 [40] v

Khezri et al. 2020 [4] v

Massimi et al. 2020 [41] v

Khettabi et al. 2021 [42] v

Singh et al. 2021 [43] N4 N4

In total, 19 papers were found to have an economic sustainability perspective, 29
papers an environmental sustainability perspective and 7 papers a social sustainability
perspective. Out of these papers, 6 papers were identified as taking all three sustainability
perspectives into consideration. Below follows a further breakdown and explanation of
each sustainability perspective.

4.1. Economic sustainability

In total, 19 of the reviewed papers included economic sustainability in their research.
The majority of those papers are focusing on cost minimization, primarily through
including it as an objective when designing and proposing novel models. These papers
seem to have reconfigurability as a basis when developing the models, whereas the
typical core characteristics of RMS are taken into consideration as a general concept.
Hence, in these models it is seldom explicitly clarified which characteristics of RMS lead
to economic sustainability, nor how they are connected. The common aim of the models
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proposed in these papers is to reduce costs, whereas it is found that if achieving this aim,
an economic sustainability is fulfilled. The cost reduction is specified to certain areas,
for instance maintenance [26,28,39,43], inventory [38,39], transportation [22,25,35],
investment [21,43], manufacturing [19,29,31,38,39], and reconfiguration cost
[22,26,29,31,32,35,39]. The latter can be recognized as a fairly exclusive cost for RMS,
on the basis that this type of manufacturing system leads to more frequent system-,
machine- and tool changes. Hence, costs related to the relocation, replacement, transfer
and set-up of systems, machines and tools are recognized as important factors to include
and reduce in order to achieve economic sustainability in RMS.

A few papers include the economic sustainability perspective on a more overarching
level, whereas market presence [27], finding the ideal location [25], capacity usage [30],
optimizing resource utilization [14,25] and ensuring high quality [3,18] are connected to
conducted research on RMS and economic sustainability. For instance, Lee et al. [27]
developed a novel simulation model used to include sustainability factors in a self-
reconfigurable manufacturing systems. In their research, market presence and economic
performance in terms of cost reduction were used as factors related to economic
sustainability. Badurdeen & Jawahir [25] argued that future manufacturing systems must
be flexible and scalable, whilst being beneficially located and having an optimal resource,
method and tool utilization in order to achieve substantial cost reduction. In Abdi et al.
[30], the possible optimization of capacity usage in RMS based on the idea of linking
market, supplier and market perspectives is discussed. Koren et al. [3] found RMS as
capable of enhancing economic sustainability performance in terms of e.g. cost reduction
and improved product quality.

4.2. Environmental sustainability

In total, 29 of the reviewed papers included environmental sustainability in their research.
A few areas were found to be prominent in several of these papers, for instance,
circularity, water usage, greenhouse gases (GhGs), energy consumption, resource
efficiency and hazardous waste.

Circularity in RMS has thus far primarily on adapting the RMS to fit in a
remanufacturing practice (e.g. [5,26]). Likewise, Bockholt et al. [40] provided empirical
insight through a case study how changeability and reconfigurability can be applied in a
manufacturing system to deal with the challenges in closed-loop manufacturing systems,
particularly for product take-backs. Moreover, Barwood et al. [20] converted the
traditional setting where RMS works into an application in a recycling system. In their
research, Barwood et al. [20] explored how a flexible robotic disassembly cell fits into
the reconfigurable recycling system (RSS), and thus leads to environmental
sustainability.

Water usage was foremost found to be included in novel models specifically
designed for RMS. For instance, Lee et al. [27] developed a novel simulation model used
to include sustainability factors in a self-reconfigurable manufacturing systems. In their
research, water usage was used as a sustainability factor [27]. Huang et al. [28] developed
a performance assessment model for sustainable reconfigurable manufacturing systems.
The model consisted of several economic and environmental clusters, whereas water use
and efficiency was one of these. In contrast, Koren et al. [3], found RMS as being capable
of improving environmental sustainability by its ability to reduce water usage.

Emissions of greenhouse gases (GhGs) in relation to RMS were discussed in several
papers. In some of these, GhGs were touched upon as a factor aimed at minimizing in
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the manufacturing system. One of these include Touzout et al. [31] who presented a
hybrid multi-objective approach for creating a sustainable process plan. This approach
was specifically designed for RMS, given its ability to quickly adapt to changes in the
production. In their research, sustainability is taken into consideration in the shape of
GhGs through having it set as one of the criterion alongside time and cost [31]. Similar
works were conducted by [29,32].

Energy consumption, similar to GhGs, energy consumption was found to be a
frequent topic in sustainability and RMS research. Several authors are including energy
consumption as an important factor to reduce when developing models (e.g. [35,41,43]).
For example, Ghani et al. [15] developed a conceptual approach used to minimize energy
consumption through integrated monitoring systems in reconfigurable manufacturing
systems. AlGeddawy & ElMaraghy [23] developed a design synthesis to enhance the
energy sustainability in manufacturing systems. In their case study, a changeable
assembly system was used in order to demonstrate and validate the synthesis. The authors
found that by enhancing system design, the minimization of energy consumption is
possible [23]. Khezri et al. [4] proposed a model used to integrate diagnosability, i.e. a
core characteristic of RMS, into the system design in order to achieve sustainability. In
their model, one of the objectives involves to minimize energy consumption and energy
losses [4].

Resource efficiency was found by several researches to be achieved through the
typical structure and characteristics of RMS. Regarding this, Bi et al. [14] found that in
terms of sustainability, one of the key objective in RMS is to reduce waste, which is
accomplished by reusing manufacturing resources and thus optimizing the resource
efficiency. Similarly, Koren et al. [3] argued for the idea that modularity in a
manufacturing system leads to an optimal resource efficiency by reducing the frequency
of underutilizing resources. Dubey et al. [24] conducted empirical research on RMS and
sustainability from a top management perspective. They concluded, for instance, that
"our results fully support the hypothesis that the higher the adoption of reconfigurable
manufacturing systems that is, the higher the reconfigurability of the manufacturing
systems within an organization the higher their environmental performance is." [24,
p.63], implying that there is a clear connection between environmental performance and
top management commitment when including the impact of top management beliefs and
participation in the implementation of RMS [24].

The hazardous waste is regarded similarly to the sustainability factors greenhouse
gases and energy consumption, i.e. that it is foremost related to research aiming at
minimization through adding it as a factor in models and programs (e.g. [41,42]). For
instance, Khettabi et al. [42] developed a non-linear multi-objective program where four
objective were minimized; total production cost, total production time, waste (incl. oils,
water, industrial waste disposal etc.) and greenhouse gas emissions. The model was
specifically designed to enable the consideration of a sustainability perspective in RMS
design.

4.3. Social sustainability

In total, 7 of the reviewed papers included social sustainability in their research. Factors
such as employee health and safety [3,17,27,39], training and education [25,27,39], and
ethical and legal following [19,27,39] are recurrently discussed in multiple papers as
having a connection to RMS. Some authors are describing social sustainability in an
imprecise term and focus on the general factors which a production system can lead to,
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as for instance in Kurniadi & Ryu [38] where the ability to reconfigure a manufacturing
system leads to the possibility to match requirements in terms of quantity and products
to changing demands. Thereby they recognize that the ability to satisfy a societal need is
achieved [38]. Koren et al. [3] found the merging of RMS and sustainable manufacturing
to be necessary in order to achieve social sustainability. In their research, social
sustainability in RMS regards employee health and safety. However, a detailed
description how this is achieved is not provided.

Other authors, primarily those who develop novel models, seem to have a more
detailed description of which social sustainability factors to include in order to achieve
social sustainability in RMS. Nevertheless, amongst those authors there is no apparent
commonality in what social sustainability includes, instead these definitions differ quite
drastically. For instance, Peukert et al. [19] developed a model where social
sustainability is included through adding the factor of performing a fair wage assessment.
Olabanji & Mpofu [39] on the other hand, developed a novel sustainability assessment
model for reconfigurable machines. In their model, a social indicator is taken into
consideration where, for instance, operator training, required level of maintenance,
patenting and usage regulation, ethical issues/responsibilities are included.

Direct connections between the core characteristics of RMS and social sustainability
are seldom confirmed. One of the few authors studied in this literature who make a
connection are Fasth-Berglund & Stahre [17] who in one of their case studies found that
through mobility in a production system is it possible to reduce walking distance and
head movements, leading to a socially sustainable workplace.

5. Discussion

Sustainability in RMS research is evidently an increasingly significant subject amongst
researchers. In this literature review, the most common year of publication was 2020,
followed by 2017/2018 and then 2019, as seen in Figure 2. However, even though there
is an apparent increase in research interest, there is still little empirical data or insight
supporting the claims that RMS are leading to sustainable manufacturing, even though
the logical answer might indicate so. This correlates with one of the findings from this
literature review which regards that a significant amount of the research on sustainability
and RMS have added the perspective of sustainability through the inclusion of certain
sustainability factors in novel models specifically designed for RMS. These papers are
not coming to the conclusion that RMS lead to sustainable manufacturing, but rather that
it is possible to include a sustainability perspective when designing, planning and
controlling RMS. On the contrary, few authors are indeed arguing for the fact that
sustainability and RMS have an inherent relationship [3,4,24]. Some authors ([44]) are
even stressing that sustainability should be recognized as a core characteristic of RMS,
alongside the traditional characteristics such as modularity, integrability and
changeability, as means to merge the two.

Furthermore, describing economic, environmental, and social sustainability in a
RMS context has proven to be a challenging task. Seldom are researchers agreeing on a
unified definition of the triple bottom line of sustainability. The lack of a common
terminology might have caused researchers to elaborate on their own definition of
sustainability in RMS research. This discrepancy has caused issues when trying to
collectively describe the hitherto conducted research on RMS and sustainability. The
lack of a common terminology might also cause further challenges in establishing the
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relationship between sustainability and RMS. This also leads to the problematic of
quantifying sustainability in RMS remaining a difficult task, as highlighted by Paul et al.
[37, p.505]; “... the interviews highlighted the importance of developing metrics for
measuring the sustainability of RMS. A return-on-investment indicator considering the
possibilities posed by reconfigurability, a measure of costs and benefits from an
ecological standpoint and a metric for reconfigurability potential could help decision-
makers to adopt RMS”.

Nevertheless, some frequently recurring areas within the environmental
sustainability was found to be possible to identify and describe, these include; circularity,
water usage, GhG emissions, energy consumption, resource efficiency and hazardous
waste (see Figure 3). Identifying and describing these factors was possible primarily
since the environmental sustainability is based on common factors frequently used in
research and that are easily quantifiable. This might also derive from authors’
preconceived notion that sustainability is solely an environmental matter, which might
be the reason why the development towards a unified understanding of which
environmental sustainability factors currently exists.
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Figure 3. Environmental sustainability perspective breakdown

The majority of these papers are related to the decrease of energy consumption,
primarily in terms of suggestions of models which have been adapted for sustainability
by adding the objective of lowering energy consumption (e.g. [15,41,43]). A similar
logic for adapting models for sustainability includes adding the objective of minimizing
emissions of GhGs, apart from the tradition optimization objectives concerning cost and
time (e.g. [29,31]). Frequently, models with predetermined objectives, e.g. Khettabi et
al. [42], are presented as a solution for including a sustainability perspective in RMS
research.

However, economic sustainability was found to be a term used without any clear
definition connected to the usage of it. This forces a somewhat subjective analysis on
whether these papers are actually discussing RMS and economic sustainability, or simply
taking different costs into consideration and thus reckon economic sustainability as
included. Regardless, as stated previously, only papers explicitly discussing economic
sustainability were included in this literature review, and thus this should not be
recognized as an issue. Nevertheless, the findings from this literature review indicate that
most authors are focusing on cost reduction when discussing RMS and sustainability,
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with the argumentation that reducing costs leads to an economically sustainable
enterprise. Amongst these papers, authors seem to simply include factors found to be
relevant and supporting of the focal case. On the contrary, some authors use a
terminology based on a general definition, which might not be completely relevant when
studying manufacturing systems, e.g. location and market presence as economic
sustainability factors.

Lastly, identifying and describing a common connection of how RMS lead to social
sustainability has proven to be a far more challenging task compared to environmental
sustainability. Most often, researchers are not clearly establishing a connection between
social sustainability and RMS. For instance, many authors are solely describing general
sustainability factors based on descriptions made by instances such as the global
reporting initiative (e.g. [27]). These factors are often difficult to quantify, in comparison
to the environmental and economic sustainability factors. Thus social sustainability is
seldom included in novel models specifically designed for RMS, which many of the
papers included in this literature review aim at developing. This might be one of the
reasons why few researchers are focusing on this particular sustainability perspective.

6. Conclusions and future research

Even though there is an apparent increase in research interest, there is still few papers
discussing how RMS lead to sustainable manufacturing. Reconfigurability has
previously been identified as the solution to simultaneously being able to achieve high
responsiveness and cost efficiency. However, today’s manufacturing systems also need
to be sustainable. This research was conducted in order to answer a research question
regarding how sustainability has been considered in hitherto conducted RMS research.
Thus far, a lot of the research on RMS and sustainability focus on adapting or developing
models for RMS, as a means to achieve sustainable manufacturing. However, these do
not conclude that RMS lead to sustainable manufacturing, nor do they draw any distinct
connections between the areas.

Seldom are researchers establishing a triple bottom line approach when discussing
sustainability in RMS. The lack of a triple bottom line approach is foremost caused by a
missing focus on social sustainability. This might be deriving from challenges in
quantifying the social sustainability, which is strengthened by the fact that many
researchers are proposing novel models/tools which solely focus on economic and
environmental sustainability. Therefore, further research on how social sustainability is
supported by RMS is necessary, as a means to clarify how RMS leads to sustainability.
This can, for instance, be achieved in terms of including the ergonomic consequences of
having changeable and adjustable modules in the production system.

Moreover, there seems to be a general lack of common terminology when discussing
economic, environmental, and social sustainability in relation to RMS. Few researchers
are clearly defining sustainability, even more rarely do they draw direct connections and
establish how RMS leads to sustainable manufacturing. Hence, according to the findings
of this literature review, further research on investigating how RMS leads to sustainable
manufacturing is needed. A possible way to achieve this might be to study the
characteristics, i.e. the parts unique for RMS, and how they affect the possibility to
achieve sustainable manufacturing. This has been tested to some degree in a few papers,
but not to any greater extents. Further research is also needed on how RMS lead to the
possible adaptation to a circular economy. Researchers have thus far primarily focused
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on the possibility of remanufacturing products in RMS, however, the adaptation of the
RMS to a circular economy should also comprise of studying circularity in terms of how
the systems themselves can e.g. be reused, refurbished and repaired in order to prolong
their lifetimes and maximize resource utilization, thus aid in achieving sustainable
manufacturing.

References

(1]
(2]
(3]
(4]

[3]
(6]
(7]
(8]
[9]
[10]
(1]
[12]

[13]

[14]
[15]
[16]
[17]

(18]

[19]

[20]

(21]

[22]

(23]

Mehrabi MG, Ulsoy AG, Koren Y. Reconfigurable manufacturing systems: key to future
manufacturing. Journal of Intelligent Manufacturing. 2000;11(4):403-19.

Koren Y, Shpitalni M. Design of reconfigurable manufacturing systems. Journal of manufacturing
systems. 2010;29(4):130-41.

Koren Y, Gu X, Badurdeen F, Jawahir IS. Sustainable Living Factories for Next Generation
Manufacturing. Procedia Manufacturing. 2018;21:26-36.

Khezri A, Haddou Benderbal H, Benyoucef L, Dolgui A. Diagnosis on energy and sustainability of
reconfigurable manufacturing system (RMS) design: A bi-level decomposition approach. In: [IEEE
International Conference on Industrial Engineering and Engineering Management. 2020. p. 141-5.
Brunoe TD, Andersen AL, Nielsen K. Changeable manufacturing systems supporting circular supply
chains. Procedia CIRP. 2019;81:1423-8.

Koren Y, Heisel U, Jovane F, Moriwaki T, Pritschow G, Ulsoy G, et al. Reconfigurable
Manufacturing Systems. CIRP Annals. 1999;48(2):527-40.

Koren Y, Ulsoy A. Vision, principles and impact of reconfigurable manufacturing systems.
Powertrain International. 2002;14-21.

Johansson G, Sundin E, Wiktorsson M. Sustainable Manufacturing. 1st ed. Lund: Studentlitteratur
AB; 2019. 184 p.

Brundtland GH. Our common future. Report of the World Commission on Environment and
Development. Oxford: Oxford University Press; 1987.

Elkington J. Towards the Sustainable Corporation: Win-Win-Win Business Strategies for
Sustainable Development. California Management Review. 1994;36(2):90-100.

Norman W, Macdonald C. Getting to the bottom of triple bottom line. Business Ethics Quarterly.
2004;14(2):243-62.

Boldt S, Linnéusson G, Rosi6 C. Exploring the Concept of Production Platforms - A literature review.
Procedia CIRP. 2021;104:158-63.

Azab A, ElMaraghy H, Nyhuis P, Pachow-Frauenhofer J, Schmidt M. Mechanics of change: A
framework to reconfigure manufacturing systems. CIRP Journal of Manufacturing Science and
Technology. 2013;6(2):110-9.

Bi Z. Revisiting system paradigms from the viewpoint of manufacturing sustainability. Sustainability.
2011;3(9):1323-40.

Ghani U, Monfared R, Harrison R. Energy based efficient resources for real time manufacturing
systems. Proceedings of the World Congress on Engineering 2011. 2011;1:802—-6.

Garbie IH. DFSME: Design for sustainable manufacturing enterprises (an economic viewpoint).
International Journal of Production Research. 2013;51(2):479-503.

Fasth-Berglund A, Stahre J. Cognitive automation strategy for reconfigurable and sustainable
assembly systems. Assembly Automation. 2013;33(3):294-303.

Copani G, Rosa P. DEMAT: Sustainability assessment of new flexibility-oriented business models
in the machine tools industry. International Journal of Computer Integrated Manufacturing.
2015;28(4):408-17.

Peukert B, Benecke S, Clavell J, Neugebauer S, Nissen NF, Uhlmann E, et al. Addressing
sustainability and flexibility in manufacturing via smart modular machine tool frames to support
sustainable value creation. In: Procedia CIRP. 2015. p. 514-9.

Barwood M, Li J, Pringle T, Rahimifard S. Utilisation of reconfigurable recycling systems for
improved material recovery from e-waste. Procedia CIRP. 2015;29:746-51.

Aljuneidi T, Bulgak AA. A mathematical model for designing reconfigurable cellular hybrid
manufacturing-remanufacturing systems. International Journal of Advanced Manufacturing
Technology. 2016;87(5-8):1585-96.

Ghanei S, AlGeddawy T. A New Model for Sustainable Changeability and Production Planning. In:
Procedia CIRP. 2016. p. 522-6.

AlGeddawy T, ElMaraghy H. Design for energy sustainability in manufacturing systems. CIRP
Annals - Manufacturing Technology. 2016;65(1):409—12.



792

[24]

(23]

[26]

[27]

[28]

[29]

[30]

311

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

(40]

[41]

[42]

[43]

[44]

F. Skdirin et al. / Considering Sustainability in RMS Research

Dubey R, Gunasekaran A, Helo P, Papadopoulos T, Childe SJ, Sahay BS. Explaining the impact of
reconfigurable manufacturing systems on environmental performance: The role of top management
and organizational culture. Journal of Cleaner Production. 2017;141:56-66.

Badurdeen F, Jawahir IS. Strategies for Value Creation Through Sustainable Manufacturing.
Procedia Manufacturing. 2017;8:20-7.

Aljuneidi T, Bulgak AA. Designing a Cellular Manufacturing System featuring remanufacturing,
recycling, and disposal options: A mathematical modeling approach. CIRP Journal of Manufacturing
Science and Technology. 2017;19:25-35.

Lee S, Ryu K, Shin M. The Development of Simulation Model for Self-reconfigurable
Manufacturing System Considering Sustainability Factors. Procedia Manufacturing. 2017;11:1085—
92.

Huang A, Badurdeen F, Jawahir IS. Towards Developing Sustainable Reconfigurable Manufacturing
Systems. In: Procedia Manufacturing. 2018. p. 1136-43.

Touzout FA, Benyoucef L. Sustainable multi-unit process plan generation in a reconfigurable
manufacturing environment: A comparative study of three hybrid-meta-heuristics. In: IEEE
International Conference on Emerging Technologies and Factory Automation. 2018. p. 661-8.
Abdi MR, Labib A, Edalat FD, Abdi A. Integrated reconfigurable manufacturing systems and smart
value chain: Sustainable infrastructure for the factory of the future. Integrated Reconfigurable
Manufacturing Systems and Smart Value Chain: Sustainable Infrastructure for the Factory of the
Future. Springer International Publishing; 2018. 289 p.

Touzout FA, Benyoucef L, Benderbal HH, Dahane M. A hybrid multi-objective based approach for
sustainable process plan generation in a reconfigurable manufacturing environment. In: IEEE 16th
International Conference on Industrial Informatics. 2018. p. 343-8.

Touzout FA, Benyoucef L. Multi-objective multi-unit process plan generation in a reconfigurable
manufacturing environment: a comparative study of three hybrid metaheuristics. International
Journal of Production Research. 2019;57(24):7520-35.

Khezri A, Benderbal HH, Benyoucef L. A Sustainable Reconfigurable Manufacturing System
Designing with Focus on Environmental Hazardous Wastes. In: IEEE International Conference on
Emerging Technologies and Factory Automation. 2019. p. 317-24.

Tolio T, Copani G, Terkaj W. The Italian Flagship Project: Factories of the Future. In: Tolio T,
Copani G, Terkaj W, editors. Factories of the future. Cham: Springer; 2019. p. 3-39.

Ghanei S, Algeddawy T. An Integrated Multi-Period Layout Planning and Scheduling Model for
Sustainable Reconfigurable Manufacturing Systems. Journal of Advanced Manufacturing Systems.
2020;19(1):31-64.

Massimi E, Khezri A, Benderbal HH, Benyoucef L. A heuristic-based non-linear mixed integer
approach for optimizing modularity and integrability in a sustainable reconfigurable manufacturing
environment. International Journal of Advanced Manufacturing Technology. 2020;108(7-8):1997—
2020.

Paul M, Cerqueus A, Schneider D, Benderbal HH, Boucher X, Lamy D, et al. Reconfigurable
Digitalized and Servitized Production Systems: Requirements and Challenges. IFIP Advances in
Information and Communication Technology. 2020;592 IFIP:501-8.

Kurniadi KA, Ryu K. Maintaining Sustainability in Reconfigurable Manufacturing Systems
Featuring Green-BOM. International Journal of Precision Engineering and Manufacturing - Green
Technology. 2020;7(3):755-67.

Olabanji OM, Mpofu K. Design Sustainability of Reconfigurable Machines. IEEE Access.
2020;8:215956-76.

Bockholt MT, Andersen AL, Brunoe TD, Kristensen JH, Colli M, Jensen PM, et al. Changeable
Closed-Loop Manufacturing Systems: A Case Study of Challenges in Product Take-Back. IFIP
Advances in Information and Communication Technology. 2020;592:758—66.

Massimi E, Benderbal HH, Benyoucef L, Bortolini M. Modularity and Integrability-based Energy
Minimization in a Reconfigurable Manufacturing Environment: A Non-linear Mixed Integer
Formulation. IFAC-PapersOnLine. 2020;53(2):10726-31.

Khettabi I, Benyoucef L, Boutiche MA. Sustainable reconfigurable manufacturing system design
using adapted multi-objective evolutionary-based approaches. International Journal of Advanced
Manufacturing Technology. 2021;115:3741-59.

Singh PP, Madan J, Singh H. Economically Sustainable Configuration Selection in Reconfigurable
Manufacturing System. Lecture Notes in Civil Engineering. 2021;113:457-66.

Singh A, Gupta S, Asjad M, Gupta P. Reconfigurable manufacturing systems: journey and the road
ahead. International Journal of Systems Assurance Engineering and Management. 2017;8:1849-57.



	1. Introduction
	2. Reconfigurable manufacturing systems and sustainable manufacturing
	2.1. Reconfigurable manufacturing systems
	2.2. Sustainable manufacturing

	3. Research methodology
	4. Classification of literature
	4.1. Economic sustainability
	4.2. Environmental sustainability
	4.3. Social sustainability

	5. Discussion
	6. Conclusions and future research

