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Abstract: Circular Economy (CE) adoption, especially in manufacturing, is gaining momentum thanks to its 
potentials in enhancing environmental, social and economic sustainability of this sector. In this context, CE is also 
named as Circular Manufacturing (CM), and by relying on several strategies it allows to reduce resource consumption 
and to extend their lifecycle towards lowering the greenhouse gases emissions too. The adoption of CM, among all, 
requires managerial, organizational, and technological changes and supports. In particular, in the scientific literature, 
researchers underlined the relevant role that digital technologies, spanning from Industry 4.0-related technologies to 
software and information systems, have in the implementation of CM with a special attention on data. Although this 
general awareness is present, in the scientific literature is still scarce research dealing with information systems usage 
to empower manufacturing companies in embracing CM. Therefore, the present contribution, based on both 
scientific and grey literature, aims to structure the extant contributions by elucidating which information systems can 
support CM adoption, by underling their role in respect to the specific CM strategy embraced by the company and 
the potential benefits obtained. In particular, the present contribution shows which information systems can be used 
for the advancements of the manufacturing companies’ daily activities covering the aspects characterizing CM 
without being limited to economic benefits only. As a conclusive remark, this research not only aims to cover a 
research gap, but it empowers practitioners creating awareness about the importance of technological investments to 
keep high their companies’ competitive advantage including CE values in their strategic plans.  
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1.Introduction 

In the last decades, the diffusion of digital technologies in 
the manufacturing sector has been considered the gear 
boosting companies’ productivity improvement, keeping 
high their competitive advantage.  Among all, Industry 4.0 
enabling technologies have seen a wide  diffusion 
worldwide (Erro-Garcés, 2019). Investments  in this 
direction have  been supported by policymakers too, 
understanding the potentialities of these technologies in 
enhancing enterprises’ performances also in terms of  
sustainability (European Policy Centre, 2019). To report 
some example on the social sphere, technologies like 
collaborative robots and exoskeletons can be used to 
physically support the operators during the productive 
activities (Romero et al., 2016), and additive manufacturing 
can be used to develop in a flexible way one-of-a-kind 
products to improve the alignment between the offer and 
the market requests (Brischetto, Maggiore and Ferro, 
2017). These promising technologies are backed by many 
others which rely more on the cognitive sphere and data.   

Indeed, in most of the cases, the power of digital 
technologies stands in the possibility to gather huge 
amount of data and exploit them in a valuable way 
(Schmidt and Lueder, 2018), by providing positive returns 
on the economics too. Therefore, starting from the 

collaborative robots that tend to act as human-beings, 
other technologies, among which artificial intelligence, big 
data analytics, and Internet of Things allow data tracking 
and data analytics, which support the “intelligent” sphere 
of manufacturing companies.  These technologies can be 
even more powerful if integrated with Information and 
Communication Systems (Qu et al., 2019).  

Actually, information systems (IS), being fed with 
appropriate data thanks to the support and the integration 
with Industry 4.0 technologies, can be useful for the 
fulfilment of sustainable and circular goals (Ferrari et al., 
2021; Vidmar, Marolt and Pucihar, 2021). More in detail, 
circularity is highly promoted by policymakers worldwide, 
because of its goal to design on purpose regenerative and 
restorative systems (Ellen MacArthur Foundation, 2015). 
Circular Economy (CE) can be implemented by 
manufacturing companies through different strategies, 
named Circular Manufacturing (CM) strategies, whose 
introduction is highly reinforced by the usage of specific 
data (Acerbi et al., 2021). Therefore, the appropriate 
adoption of IS can be a good mean to reach circularity.  
Nevertheless, the extant literature is scarce in terms of 
researches dealing with this issue (Zeiss et al., 2021). 
Therefore, the research objective of this contribution is to 
cover this gap by elucidating what are the ISs to be used 
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to support the adoption of the CM strategies in 
manufacturing companies, investigating IS functionalities 
and benefits in this context. 

The remainder of the paper is organized as follows. 
Section 2 elucidates the research background on CE and 
IS, both in the manufacturing sector. Section 3 outlines 
the methodology adopted. Section 4 reports the results of 
the literature review, while Section 5 provides the 
discussion about these results. Last, Section 6 concludes 
the article underlining the managerial and the scientific 
outcomes, delineating future researches. 

2. Research background 

This chapter aims first to provide the reader with the basic 
knowledge about CE in manufacturing, thus CM, and 
second to elucidate what are the most diffused IS in 
manufacturing companies. This creates the ground to 
investigate their interaction and integration. 

2.1. Circular Economy in manufacturing 

Even though the concept behind “circular economy” is 
quite old, this  term was coined quite recently and even 
more recently was defined as an industrial economy 
designed on purpose to be regenerative and  restorative by 
the Ellen MacArthur Foundation (Ellen MacArthur 
Foundation, 2015). It is based on the idea to extend as 
much as possible the resources lifecycles retaining the 
maximum value from them, to make recirculate resources 
in sub-sequent cycles and to put efforts in reducing the 
consumption of natural resources in all the industrial 
activities. More specifically, these values are applicable to 
the manufacturing sector through different strategies (i.e. 
reuse, recycling, remanufacturing, disassembly, circular 
design, resource efficiency, cleaner production, 
servitization, industrial symbiosis, closed-loop supply 
chain), which have been detected and elucidated in the 
systematic literature review proposed in (Acerbi and 
Taisch, 2020). These strategies, named Circular 
Manufacturing (CM) strategies, require the sharing of 
information among the actors involved, about for instance 
product characteristics and conditions, to facilitate the 
resources circulation (Acerbi et al., 2021).  

2.2 Information systems in manufacturing  

The diffusion of researches dealing with IS can be dated 
back in the 1970s in alignment with the introduction 
worldwide of computers in industries (Gorry and Morton, 
1971). Although the potentialities are quite known, their 
usage in daily business activities must be not taken for 
granted since often, especially small and medium 
companies, consider these systems as costs and use them 
only for administrative tasks (Ramdani, Lorenzo and 
Kawalek, 2009). In particular, looking at the 
manufacturing sector, this can be considered a later 
adopter in respect to the service one, and the systems 
being initial diffused were mainly the Enterprise Resource 
Planning (ERP), the Customer Relationships Management 
(CRM) (Ramdani, Lorenzo and Kawalek, 2009), the 
Material Requirement Planning  (MRP), and the 

Computer Aided Design (CAD) (Kling et al., 1992). More 
recently the Product Lifecycle Management (PLM) has 
started its diffusion in manufacturing companies (Terzi et 
al., 2010). 

Below their key characteristics and functionalities are 
described: 

• CAD: supports the engineering department in 
the product design and allows the firm to be 
aligned with the external changes and demand 
from consumers about technical requirements 
and consumers preferences in product design 
characteristics (Kling et al., 1992). 

• MRP: helps the monitoring of the material 
consumption, and the inventory level to schedule 
production and the purchase of materials in 
alignment to the requests from the market. This 
system improves the firm flexibility, since the 
firm’s scheduling of the production activities 
depends on the changes in consumers’ demand 
(Kling et al., 1992; Singh, Singh and Singh, 2013).  

• ERP: (an evolution of the MRP, more complex 
but broader, with less granular data) helps to 
have a complete view over firms’ resources (e.g. 
human, material, finance etc.) analysing data 
about for instance business performance, 
production, spare parts, maintenance, etc. It 
supports different functions, such as the 
distribution and sales respectively with order 
fulfilment and billing, and to be more effective 
and efficient it can be integrated with the other 
systems (Singh, Singh and Singh, 2013; Haddara 
and Elragal, 2015). The Supply Chain 
Management (SCM) information system might 
be embedded in the ERP too (McLaren, Head 
and Yuan, 2004). 

• CRM: helps the marketing department in 
monitoring consumers’ behaviours. It supports 
the tailored advertisement of the products and 
services sold, by targeting consumers in a 
customised way (Rajendiran, Sekar and 
Manikandan, 2017). 

• PLM: integrated with the Product Data 
Management (PDM) system, extends its view 
over the entire product lifecycle. This is possible 
since PLM supports the collaboration among 
different functions stimulating a concurrent 
engineering approach. It allows  internal 
coordination of the several activities impacting 
on the product development and on the product 
entire lifecycle (Terzi et al., 2010). 

3. Methodology 

Once outlined the characteristics of CE in manufacturing, 
thus CM, and the most diffused ISs in manufacturing 
companies, the present contribution operated a review of 
the extant scientific literature to investigate what has been 
so far proposed in terms of researches dealing with IS 
exploitation for CM purposes, to clarify how the usage of 
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IS can support the adoption of CM strategies. This allows 
to cover a research gap by grouping and structuring the 
scattered knowledge already available, and to help 
manufacturers in this domain in understanding how the 
single IS can contribute in empowering the adoption of 
the distinctive CM strategies. 

Therefore, an initial research has been performed on 
Scopus with the following keywords: TITLE-ABS-
KEY ( “remanufactur*”  OR  recycl*  OR  reus*  OR  dis
assembl*  OR  "cleaner production"   OR  "industrial 
symbiosis"  OR  "closed-loop supply chain"  OR  "circular 
design"  OR  "servitization"  OR  "circular  economy"    
OR  "resource efficiency"   AND  ( "information 
system"  AND  manufacturing ) ) to explore, for each CM 
strategy taken from (Acerbi and Taisch, 2020), the IS to 
be adopted according to the scientific literature. The initial 
output was 250. Only English written documents were 
selected reducing the sample to 236 (the most meaningful 
contributions are summarised hereinafter while the 
remaining part are not reported due to space constraints). 
In addition, the grey literature (e.g., software companies 
web-sites, consultant companies reports etc.) has been 
investigated as well, to evaluate what has been so far 
developed in an industrial domain observing the 
experience from the market. 

4. Review on information systems supporting CM 

The use of IS for CM purposes has been recognised as a 
powerful mean by scholars, even though very few studies 
have been so far developed (Zeiss et al., 2021).  

Looking at the remanufacturing strategy, to be put in 
place it is first necessary to have information about 
product characteristics, and to encounter this need the 
CAD has been considered essential for the correct 
implementation of this strategy. CAD is especially useful 
to encounter the possible reverse engineering issues in 
giving the initial quality to the restored products (Dekhtiar 
et al., 2016). In addition, it is relevant to have under 
control the inventory level of the remanufacturing parts  
(Turki, Hajej and Rezg, 2015) to obtain also an economic 
favourable condition in remanufacturing the returned 
products, which can be done through the appropriate 
usage of specific ISs. Moreover, new ISs have been 
proposed, as the case for example of the one by Tateno 
and Kondoh, (2010) that have introduced the eco-agents 
systems as new IS to search for instance for new users 
while the product is in use. This would allow to reduce the 
lead time to remanufacturing and perform in advance an 
inspection of product modules to reuse or recycle them. 
In addition, remanufacturing requires also the correct 
alignment with the other actors in the supply chain 
entailing marketing activities too (Li et al., 2009) which 
require ad hoc systems pursuing their engagement.  

Actually, remanufacturing strategy as well as the recycling 
and the reuse ones require to have under control the 
product return flows to try to reduce the uncertainty with 
the final aim to schedule accordingly the internal activities 
(Aydin et al., 2018). In line with that, for the recycling 
strategy is fundamental to encounter the consumption 
pattern of consumers to obtain positive outcomes from 

the selling of recycled products, and of products 
containing recycled materials. In addition, ERP systems 
can be used to support the extend producer responsibility 
strategy by tracking business resources and commitments 
to finally evaluate the convenience in recycling products 
(Singh and Saha, 2018) and it can also allow the producer 
to have under control the recycling content of each item 
(Syspro, 2019). Moreover, PLM system can be used to 
track information along the entire product lifecycle, until 
the material recycling, by integrating different views and 
requirements coming from the company’s functions 
(Zhang et al., 2012).  

Products can be recycled only if they have been 
disassembled first. Therefore, to support this issue, so far 
in the extant literature examples of 
recycling information systems are proposed to provide 
useful information about the product to be disassembled 
for recycling purposes (Naito and Kashima, 1999). 
Actually, these systems rely on product characteristics data 
and can be also integrated with the Product Data 
Management systems (PDM) to have retrieved 
information about the disassembling process required for 
a specific product (David et al., 1999). Moreover, the 
disassembling strategy requires the usage of CAD to allow 
the gathering of information about the parts to be 
disassembled of the product (Yamada, Igarashi and Inoue, 
2013). In addition, the information about the 
disassembling process need to be integrated with the other 
ISs present in the company to support an improved 
product end-of-life management and product design 
based on the product Bill of Material (BOM) (Zhuang et 
al., 2006) available in the MRP.  

ISs cover a relevant role for the correct management of 
product recovery (Toyasaki, Wakolbinger and Kettinger, 
2013), but also for the monitoring and management of 
production activities. In particular, cleaner production 
adoption is supported by the gathering of data through 
cyber-physical production systems which are then stored 
and used through several ISs enabling the internal sharing 
of information (Leiden, Herrmann and Thiede, 2021). 
Moreover, to monitor the environmental impacts of the 
company’s production activities, environmental 
management systems are suggested to be introduced 
based also on the ISO 14001 (Nikolic et al., 2013). These 
are useful for both resource efficiency and cleaner 
production, and can be also backed by PLM systems 
allowing to integrate during product development process, 
an extended and comprehensive view coming from the 
different functions (Zhao et al., 2012). MRP is useful too, 
to balance the production and reduce avoidable waste 
generation (Dassault Systems, 2017). 

The introduction of circular design strategy is supported 
by the CAD, that can be integrated with the PLM system. 
Therefore, the PLM allows to integrate environmental 
product attributes to support the decision-making process 
enhancing sustainable performances of products along 
their lifecycle (Diakun, Dostatni and Talarczyk, 2018). The 
servitization strategy can be enhanced by the adoption of 
ISs since they sustain innovation in this field (Chen et al., 
2020) allowing also to deploy tailored services based on 
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reliable data. It’s indeed, important to establish strong 
relationships with customers (Ellen MacArthur 
Foundation, 2018). 

Industrial Symbiosis networks creation can benefit from 
the adoption of information-sharing tools which can be 
based on integrated ISs allowing the correct exchange of 
resources flows (Fraccascia et al., 2019). The sharing of 
information aids also the establishment of closed-loop 
supply chains. In this case, the exchange is performed 
among actors belonging to the same supply chain which 
might be consumers (Hong et al., 2021) or suppliers 
(Golinska, 2009). Therefore, ERP system, which might 
embed SCM too, can benefit the sharing of information 
both internally and externally to the company, especially in 
the discrete manufacturing sector, to allow manufacturers 
to make coherent decisions about production planning, 
procurement etc. (Venkatesh et al., 2008). In particular, in 
this context IS must consider also the return of products 
and materials to make decisions about the planning of the 
activities (Karacapilidis, Adamides and Pappis, 2004). 

Wrapping up, the type of IS required by manufacturing 
companies can be different according to the strategy to be 
adopted. Nevertheless, in most of the cases, their 

integration can facilitate the adoption of more than one 
strategy per time enhancing the CM benefits. Indeed, each 
system has specific functionalities which can better 
encounter different strategies, and vice versa the data 
required for the adoption of a specific strategy might be 
collected through different systems (Acerbi et al., 2021).  

5. Discussion  

As just stated in the extant literature, CM requires the 
concurrent adoption of more than one CM strategy per 
time to fully address the circular values. This need can be 
highly empowered by the appropriate usage of data relying 
on the simultaneous usage of several IS (as reported in 
Table 1). In particular, on the left side of Table 1 are 
reported the traditional ISs already adopted by 
manufacturers for other purposes (e.g. ERP for efficiency 
and effectiveness improvement, and CRM for consumers’ 
engagement). On the right side instead are reported the 
new-born ISs developed on purpose with the goal to 
support companies in undertaking a sustainable and 
circular path (e.g. the recycling information system 
developed to ensure the gathering of data on the 
disassembling of products). 

Table 1: IS and CM strategies 

CM strategies Traditional manufacturing IS New-born sustainable and circular - oriented IS 

 CAD PLM 
(PDM) 

CRM MRP ERP  
(SCM) 

Eco-Agents 
information 

system 

Recycling 
information 

system 

Environmental 
information 

system 

Remanufacturing x    x x   

Recycling  x  x x x x  

Reuse   x  x x   

Disassembling x x  x   x  

Circular Design x x  x    x 

Servitization   x x      

Cleaner 
Production 

   x x   x 

Resource 
Efficiency 

   x x   x 

Industrial 
Symbiosis 

    x   x 

Close-loop 
supply chain 

  x  x    

Each system has specific characteristics exploitable in CM. 

• CAD allows to have under control the product 
design characteristics. It is important during the 
design phase to facilitate the disassembling, 
recycling, remanufacturing and reuse of the 
product at the end of its useful life; 

• MRP allows to keep track of data about the 
materials and components for each product type 
which enables to verify the material recyclability, 

materials consumption and waste. It also 
encounters the requirements of cleaner 
production and resource efficiency; 

• PLM allows to have a broader view covering 
different functions requirements. This enables 
to have a long-term perspective facilitating the 
resource cycling starting from the product 
beginning of life and selecting the most 
appropriate materials and components; 
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• CRM allows to engage consumers. This 
facilitates the deployment of tailored services 
needed for the product lifecycle extension, and 
supports a reduction of uncertainty about 
returned products; 

• ERP allows to keep track about the resources 
needed and consumed within the company 
boundaries supporting the implementation of 
different CM strategies. It enables to align 
internal activities with those of the suppliers and 
the consumers creating a value chain 
perspective, with the SCM, by facilitating the 
extension of resources lifecycle. 

In most of the cases, more than one system can be used 
for a certain strategy, but the integration of different ISs, 
starting at least from those internal to the company, would 
allow to create internal cohesiveness towards circularity. 
More in detail, their integration allows to have under 
control all the resources of the enterprise making firms 
more flexible and reactive against the market needs, and 
against the requests from the society in terms of moderate 
and optimised usage of resources. This indeed allows to 
obtain benefits from environmental and social point of 
views, which directly impact on economic positive 
outcomes. Therefore, considering that each strategy can 
be supported by the usage of different ISs, the integrated 
usage of these systems also facilitates the concurrent 
adoption of the several CM strategies requiring sometimes 
similar data. In addition, the internal cohesiveness is 
important and needs to be extended also to the external 
stakeholders as the case of the establishment of an 
industrial symbiosis network or a closed-loop supply 
chain, the integration of systems should be also external. 
Therefore, the ERP, and in most of the cases also the 
SCM, are adopted and the integrations among systems 
belonging to different companies are required to be 
established. This external integration allows to always have 
the necessary information without replicating data 
avoiding possible non-alignment among enterprises. 
Actually, some traditional manufacturing IS have not been 
mentioned in the literature as supporting tools for CM, 
even though what is required for circularity can be found 
in all of them. It is usually spoken about IS in general 
without entering in detail about the specific system. To 
report an example, CRM often is not mentioned as a 
relevant IS, although its potentialities in engaging 
consumers are many. This characteristic is extremely 
important in CM, since there is the need to involve 
consumers in this transition ensuring their acceptance of 
the undertaking of this path by companies and stimulating 
their willingness to purchase the innovative circular 
products developed by manufacturing companies. 
Moreover, CRM might be adopted also to reduce the 
uncertainties related to the return products having under 
control consumers’ behaviours.  

Beyond the traditional manufacturing ISs, others are 
mentioned to support CM adoption, such as the Eco-
Agent to track data about product usage to evaluate 
possible future reuse or recycling instead of 
remanufacturing, but also the recycling information 

system which can be integrated with the traditional ones, 
such as the PLM, to exploit the information about 
product disassembling, facilitating materials recycling. The 
development of specific systems might be reflected into 
the raising awareness about the need to use data to 
successfully enable the extension of the resources 
lifecycle. These new proposed ISs are reported below: 

• Environmental Information System has been 
developed ad hoc to keep track about 
sustainable performances of the company 
covering in particular the environmental sphere; 

• Recycling Information System enables to keep 
track about disassembling process requirements 
of the single products to be recycled; 

• Eco-Agents allows to keep track of product use 
to evaluate in advance requests for reuse, 
recycling or remanufacturing. 

6. Conclusions 

The present contribution outlined the importance of ISs 
in managing and sharing, both internally to the company 
and externally along the value chain, the data required for 
the implementation of the different CM strategies. More 
precisely, traditional ISs, already known by manufacturers, 
have been analysed for their promising role in this 
direction. In addition, other new-born ISs, developed on 
purpose to encounter the needs of manufacturers to 
improve their sustainable and circular performances, have 
been detected as empowering tools in embracing the CM 
strategies. Actually, relying on the findings from the extant 
scientific and grey literature, it has been shown for each 
strategy the most coherent IS to be adopted grounding on 
their characteristics. Therefore, this contribution has two-
fold implications: managerial and scientific. From a 
managerial perspective, this research elucidated the main 
ISs usable to adopt the different CM strategies. It can be 
used as a reference for manufacturers interested in 
exploiting the potentialities of the IS to encounter circular 
values. This opens new opportunities for manufacturing 
firms towards circularity, empowering their competitive 
advantage. From a scientific perspective, this contribution 
covers the scientific gap detected referring to the lack of 
studies dealing with the exploitation of IS potentialities for 
CM embracement. Therefore, this research enabled to 
structure and analyse the scattered knowledge already 
available in this domain, clarifying the exploitable ISs, 
both traditional and new-born, supporting the transition. 

Last, to reinforce the findings and concretely evaluate the 
benefits in using ISs for CM, empirical investigations will 
be developed in future works. Moreover, the specific 
system functionalities required in CM, independently from 
the single IS, will be analysed in future research allowing 
to explore the potentials of other software applications.  
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