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ABSTRACT 

One of the important technologies in Industry 4.0 is Additive Manufacturing, 

which makes it possible to manufacture objects layer by layer continuously or 

incrementally. Circular economy aims to improve resource efficiency, leading to 

an evolution from the current linear model of extraction, transformation, and 

elimination to the model where resources flow in a circular manner. Many early 

studies have pointed to Additive Manufacturing as a technology that promises the 

environmental sustainability and the development of circular material flows. 

However, there is still great uncertainty about the relationship between circular 

economy goals and 3D printing goals. From this context, a Systematic Literature 

Review was performed by applying the Method Ordination multicriteria 

methodology in order to map the main publications. Then, 10 articles were 

analyzed to obtain relevant information about the relationship between Additive 

Manufacturing and Circular Economy. 

Keywords: Additive manufacturing; Circular economy; Systematic Review  
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1. INTRODUCTION 

 The manufacturing processes comprise several moments since the beginning of the 

advance of the industrial era, which took place in England in the 18th century. Since that time, 

technology has advanced so that its evolution is divided into phases, called industrial 

revolutions. 

               The first Industrial Revolution can be defined as the era of mechanization. The 

second, stood out for its intensive use of electric energy; and the third for the widespread 

digitalization. More recently, based on advanced digitization within the factories, the 

reconciliation of internet technologies and future-oriented technologies in the field of “smart” 

objects (machines and products) seems to result in a paradigm shift in industrial production. 

Representing the future expectations, the term “Industry 4.0” was created to refer to a fourth 

industrial revolution (LASI et al., 2014)   

 The concept of Industry 4.0 is quite new. It was launched in Germany in 2011 

representing the current production paradigm, which combines information and 

communication technologies with digital production technologies (KANG et al., 2016). 

 According to Shrouf et al. (2014), the main characteristic of industry 4.0 is the 

connectivity between machines, orders, employees, suppliers and customers due to the Internet 

of things and electronic devices. Kang et al. (2016) includes in the main industry 4.0 

technologies: internet of things, big data, data analysis, Cyber-Physical systems (CPS) and 

systems integration, sustainable manufacturing and Additive Manufacturing (AM). 

 Shipp et al. (2012) suggests one of the technologies that should be highlighted is 

Additive Manufacturing, since in recent years the intensification of competition, combined 

with the challenge of increasing the complexity of manufactured products has required 

companies and designers to substantially change the process of product development. In this 

context, interest in so-called Additive Manufacturing (AM) or 3D printing processes is 

growing. 

 Additive manufacturing is defined by the ISO / ASTM terminology standard as the 

“process of joining materials to manufacture parts from 3D model data, usually layer upon 

layer, as opposed to subtraction and formative manufacturing methodologies” (ASTM, 2013). 

This requires the use of a computer to translate a solid model into a real part. In other words, 

3D printing allows objects to be manufactured layer by layer in a continuous or incremental 

manner, allowing three-dimensional objects to be "printed" on demand (PETROVIC et al., 

2011).  
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 The development of cheap 3D printing hardware has equipped consumers with tools 

that allow them to influence product innovation and manufacturing processes. However, with 

a forecast of rapid growth in the near future and the technology maturing, 3D printing is likely 

to result in a significant product output and therefore also a significant environmental impact 

(CERDAS et al., 2017). 

 This impact of technological advances can bring potential benefits to sustainability 

(GEBLER et al., 2014). Such benefits include the potential to move towards a Circular 

Economy (CE), which aims to radically improve the efficiency of society's resources, 

eliminating the concept of waste and changing from the linear model of take-make-waste to a 

circular model (DESPEISSE et al., 2017). 

 Yuan et al. (2006) say the core of the circular economy is the circular flow of materials 

and the resources and energy use through multiple phases. The circular economy is beneficial 

to society and the economy as a whole, since it can reduce the use of the natural environment 

as a waste sink and reduce the use of virgin materials for economic activities (ANDERSEN, 

2007). 

 According to Loy and Tatham (2016), the relationship between the objectives of 

circular economy and the economy of 3D printing as a production system is just beginning to 

be articulated in the literature. 

             There is great doubt whether the current trajectory of adopting additive manufacturing 

is creating more circular material flows or leading to an alternative scenario in which localized 

production is less eco-efficient. Therefore, it is still unclear whether 3D printing technology 

can realistically allow a more circular use of resources, and under what circumstances they are 

truly beneficial from the point of view of sustainability (DESPEISSE et al., 2017). 

 Evans et al. (2009) argues this clarity requires a better understanding of information 

flows and of the relationships between stakeholders throughout the product and material life 

cycles. 

 According to Despeisse et al. (2017) and Unruh (2018) it is essential that the principles 

of CE are incorporated into the new manufacturing system before the adoption of AM reaches 

a critical turning point in which negative practices entrench themselves. 

 In addition, according to Loy and Tatham (2016), even less has been debated about the 

effects of the circular economy in the context of a production based on Additive Manufacturing. 

 In view of these current studies, it can be seen that there is a two-way gap in the 

literature on the relationship between Additive Manufacturing and Circular Economy. In other 
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words, how Additive Manufacturing influences and Circular Economy and how Circular 

Economy influences Additive Manufacturing are little studied relations. 

 Given the previously presented, the present work aims to fill this gap and has the 

objective of describe the general effects of the relationship between Additive Manufacturing 

and Circular Economy. Within this proposed context, it is define the research question to be 

explored through a Systematic Review of the Literature: what are the effects of the relationship 

between Additive Manufacturing and Circular Economy? 

2. ADDITIVE MANUFACTURING 

This subsection presents a brief history of the emergence of AM, its definition and AM 

stages. 

2.1. Brief history of AM 

 According to Bourell, Rosen and Leu (2014), the first records on the use of three-

dimensional technologies to create objects, date back to the second half of the 19th century, 

more precisely in 1860, when François Willème conducted initial trials in the creation of 

replicas of 3D objects. He was a then French artist from Paris who was developing 

photosculture. Willème used the newly invented photography and combined it with the 

principles of optics and sculpture to create three-dimensional replicas of objects and even 

people (ZHAI et al., 2014).  

 From this technique, others were developed. Then, in the late 1980s and early 1990s, 

3D technology was finally patented and commercialized by companies such as 3D System, 

Stratasys and EOS (BANDYIPADHYAY et al., 2015). Ruffo et al. (2006) point out that these 

technologies were called for many years rapid prototyping tools. However, technological 

maturation has stimulated the development and use of 3D technology for rapid manufacturing, 

and not just for the prototype. 

 Despite this development, even today the use of 3D printing for the final use of products 

and components is strongly limited to some industrial niches. For example, for the production 

of tools on the international space station the application is logical, but the commercial viability 

of manufacturing is still questionable in some cases (HOLWEG, 2015). 

 Since the commercialization of 3D technologies, its construction methods have been 

quite developed and diversified with the use of greater number and more refined processes, as 

well as sophisticated materials. 
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2.2. AM definition 

 Constructive layers are the basic principle of 3D printing, as it consists in the 

manufacture of an item from the deposition of a certain material in overlapping layers 

repeatedly until the complete part is obtained. Additive manufacturing differs from traditional 

production processes for not being subtractive. It means material is not removed progressively 

until the desired part is obtained; and this makes 3D printing a “disruptive” technology 

(KIETZMANN et al., 2015). 

 So, additive manufacturing can be understood as a technology that uses an additive 

process to manufacture three-dimensional objects, from a digital model (NYMAN; SARLIN, 

2014). It means the printing of a complete product or part of a product using materials that are 

deposited within the limits of the printer. These machines can not only create objects without 

grooves, but also mold complex shapes resulting in a final product or an item that can be 

integrated into a set with other items (GRESS; KALAFSKY, 2015). 

 Modern AM technologies need to have four resources to achieve the creation of the 

three-dimensional object: a computerized system; a software for editing three-dimensional 

designs; an equipment with the ability to print in layers ; and the appropriate input resource to 

form the layers of the object to be created. In addition, the central principles of AM are the 

same in all technologies (SIN, 2016). 

2.3. AM Steps 

 The three-dimensional printing process has common steps in all its variants and it starts 

in a virtual model of a part to be materialized. So, it does not matter the machine used to build 

the model. 

 The stages of the MA process are: digital or design, manufacturing or printing and post 

process (KIETZMANN et al., 2015). They are explained below: 

• Digital or Design: This stage is formed by two main activities: Computer Aided Design 

(CAD) and Standard Triangle Language (STL) (KIETZMANN et al., 2015). In this 

way, the user creates his project in 3D drawing by computer in the CAD phase and in 

the next phase he exports the project to an STL file extension, which is a legible 3D 

printing form. 

• Manufacturing or Printing: In this stage, the machine is configured and the part is 

produced. That is, before printing layer by layer, it is necessary to have a machine 

configuration to adapt the print nozzle (KIETZMANN et al., 2015). 
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• Post-process: In this step, post-processing is performed separately to create the final 

object. This is necessary because some operations require surface treatment or other 

manufacturing procedures in order to improve the shape of the printed objects 

(KIETZMANN et al., 2015). 

3. CIRCULAR ECONOMY 

 We currently live in a linear economy model, but this has proven to be unsustainable, 

as it is based on the theory that resources are inexhaustible. In this model, first there is the 

extraction of resources from the ecosystem. From that, the products are fabricated and 

consumed. Finally, when they reach the end of their useful life, they are considered waste and 

eliminated without creating any additional value. 

 Therefore, The market economy assumes that natural resources are inexhaustible and 

inexpensive, disregarding the degradation of natural resources, as well as the growing 

accumulation of waste. This linear model is structured taking into account extraction, 

transformation and elimination. Thus, the move to a circular economy is essential for a smart, 

sustainable and inclusive growth. 

 Circular Economy aims to create circular flows of resources in the economy (as opposed 

to currently dominant linear flows ranging from resource extraction to landfill disposal). It is 

framed as an economic imperative rather than an environmental imperative. Also, it has been 

described at three special levels: The individual level of the company using cleaner production; 

Level of the eco-industrial park with grouped or linked industries (responsible supply chain); 

Between production and consumption systems in regions (YUAN et al., 2006). As such, the 

circular economy differs from industrial ecology through a more economical approach. 

 The concept of circular economy has deeply rooted origins and it is gaining more and 

more prominence, especially in China (MATHEWS, 2011). Its practical applications for 

modern economic systems and industrial processes, however, have gained strength since the 

1970s by a small number of academics, thinkers and companies. The expression "Cradle to 

Cradle" (C2C), conceived by Stahel in the late 1970s, indicates the development of a "closed 

loop" approach to production processes (MACARTHUR, 2013). 

 The Ellen Macarthur Foundation's report (2013) highlights four sources of value 

creation for business models, in which initiatives to "close the cycle" of products can be very 

profitable: maintenance, redistribution, remanufacturing and recycling. A general illustration 

of the concept of circular economy is given in Figure 1: 
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Figure 1: Circular economy for renewable and non-renewable resources. 

Source: Ellen Macarthur Foundation report (2013). 

 The utility of cascading in Figure 1 is to illustrate that smaller loops (closer to the user) 

generally have less impact. The Ellen Macarthur Foundation Report (2013) further identifies 

that new business models will be part of the new economic approach and that the sources of 

value creation in a circular economy can be identified as: 

a) Internal circles: offer greater substitution of embedded costs for materials, labor, 

energy; 

b) Circulating longer: Through better design to make products last longer; 

c) Cascading uses: like transformating old clothes made of fibers in furniture; 

d) Pure and non-toxic inputs: to have purer material flows, improving the potential for 

reuse and recycling. 

 The last point in particular represents a point of tension between designing high-

performance systems with inputs of complex materials that are also complex to recycle, rather 

than simpler systems that are simpler to recycle. 

4. RESEARCH METHODOLOGY 

 Due to the amount of information currently available, there was a need to perform a 

literature review in order to cover a large number of works without favoring those aligned with 

the researchers' point of view (BADGER et al., 2000). 
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 According to Biolchinni et al. (2005), the systematic literature review (RSL) is a 

research approach that has well-defined steps, planned according to previously established 

protocol and objectives. The systematic review is recognized for being methodical, transparent 

and replicable, according to Cooper (1998). In some areas, such as medicine, the use of 

Systematic Review is quite frequent, however, recently other areas have also started to enter 

this type of research, such as management research (TRANFIELD et al., 2003). 

 This review is structured following the method described in the PRISMA statement 

(Preferred reporting items for systematic review and Meta-Analysis) (MOHER et al., 2009). 

The PRISMA flowchart reporting the different phases of this systematic literature review is 

shown in Figure 2. 

 The four stages of PRISMA that are performed in the Systematic Review are: 

Identification, Screening, Eligibility and Inclusion. In the first stage there is the identification 

of the relevant literature in the area and elaboration of the Strings developed in the databases 

to be used. In the next stage, of Screening, there is a selection of articles, removing non-

adherent ones, according to inclusion and exclusion criteria. In the Eligibility stage, there is a 

full reading of previously filtered articles, with the removal of non-adherent articles. Finally, 

in the inclusion stage, articles are included in the quantitative and qualitative analysis. 

 
Figure 2: PRISMA flowchart Practical steps.  

Source: Adapted from Moher et al. (2009) 

 For this work, the multicriteria methodology Methodi Ordinatio was used to compose 

the bibliographic portfolio. Methodi Ordinatio is a multi-criteria decision-making methodology 

that was born from the need to qualify the articles obtained in a systematic bibliographic review 
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(PAGANI et al., 2015). After applying the filters, when there is already a defined article base, 

the calculation of InOrdinatio is performed. 

 Some authors, like Vinkler (2012), discuss the importance of a publication's impact 

factor. Bornmann (2010) and Antelman (2004) emphasize the importance of the number of 

citations, given the recognition by the scientific community. In addition, the year of publication 

is also seen with great relevance, since it is a parameter that evaluates the actuality of 

information and data. According to Pagani et al (2015) there is a high probability that the most 

current articles are based on methodologies which have already been validated, reinforcing the 

importance of extolling the most recent research. 

 Thus, the Methodi Ordinatio methodology was conceived based on these three analysis 

criteria identified in the literature: number of citations, impact factor and year of publication. 

After the criteria are identified, the articles are ordered by calculating the InOrdinatio, using 

the following equation: 

InOrdinatio= [(Fi/100)*α*[10-(apes-apub)]+nc]                                                           (1) 

 In the equation, the Impact Factor is divided by 1000 so its value is normalized against 

the other criteria. The weighting factor is given by α and is assigned by the researchers, varing 

from 1 to 10. The closer to 1, the lower the importance attributed by the researcher to the year 

of publication criterion and the closer to 10, the greater the importance. 

4.1. Systematic literature review 

 The main point of interest in this review is to investigate the link between Additive 

Manufacturing and Circular Economy. To achieve this goal, a simple conceptual framework 

was initially developed, in figure 3, to summarize the findings in the literature. 

 
Figure 3: Relationship between additive manufacturing and circular economy.  

Source: Authors 

 From this, it was possible to elaborate the research questions, which, according to figure 

3, are: 

 (a) How does Additive Manufacturing (AM) Enhance or Restrict the Circular Economy 

(CE)? 

 (b) How does the Circular Economy Enhance or Restrict Additive Manufacturing? 
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 From a literature search, the Keywords (table 1) were defined so the string were 

developed. For Additive Manufacturing, the various synonyms found in the literature were 

used as keywords and for Circular Economy, the principles of CE, found in the work of 

Ghisellini et al. (2016) were used. 

Table 1: Search keywords 

 

Source: Authors. 

 From the keywords, the search strings were elaborated and inserted in 3 search engines 

or databases: Engineering Village, Scopus and Web of Science. After being inserted into each 

database, the strings returned the articles. Each database returned the following number of 

articles: Spcopus (337); Web of Science (219) and Engineering Village (128), as seen in Figure 

4: 

 
 Figure 4: Number of documents returned in each database.  

Source: Authors 
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Based on the strings, the databases returned 684 articles. After removing duplicate 

articles, 584 articles remained to be filtered applying the inclusion and exclusion criteria. 

Figure 5 shows the quantitative list of duplicate articles in the databases. As can be seen, the 

base that returned the greatest number of articles was Scopus; and the majority of duplicate 

articles were found in Scopus and Web of Science. 

 
Figure 5: Quantitative relationship of duplication in the databases  

Source: Authors 

 To ensure objective reasoning in the selected readings, the inclusion and exclusion 

criteria (BUER et al., 2018), presented in table 2, were used. 

 In the screening stage, the exclusion and inclusion criteria were applied to the articles 

returned from databases by reading the Abstract, keywords and title. Then 65 articles were 

selected for the full reading of the text in the next step. As can be seen in Figure 6, there has 

been an increasing trend in publications on the subject over the past few years. This trend in 

publications is proportional to the adoption curve of 3D printing in organizations (UNRUH, 

2018). According to the aforementioned author, managers who want to guide their companies 

towards a sustainable future begin to turn their attention as the additive, distributed and circular 

future unfolds. 

Table 2: Inclusion and Exclusion Criteria 

Inclusion Criteria 

(I-1) Partially relates to Additive Manufacturing and Circular Economy; 
(I-2) Partially relates some circular economy construct to Additive 
Manufacturing; 
(I-3) Partially relates environmental factors to additive manufacturing; 
(I-4) Strongly relates to Additive Manufacturing and Circular Economy; 
(I-5) Strongly relates some circular economy construct to Additive 
Manufacturing; 
(I-6) Strongly relates environmental factors to additive manufacturing. 

   

Exclusion Criteria (E-1) The article is not from a journal; 
(E-2) The article is not in English; 
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(E-3) The article does not relate Additive Manufacturing to Circular 
Economy or its constructs; 
(E-4) The article is only loosely related to additive manufacturing or 
circular economy. 

   
Source: Authors 

 
Figure 6: Number of Publications per year  

Source: Authors. 

 In the eligibility stage, the articles were fully read. Those who met all the inclusion 

criteria were considered in the systematic review in order to guarantee the quality of the 

selected materials (TRANFIELD et al., 2003). This filter resulted in 27 articles for final 

analysis, as shown in Figure 7. 

Figure 7: Summary of the search in the databases 
Source: Authors. 

 24 out of the 27 articles to be included in the analysis can be found on Scopus database. 

This result was verified by inserting all titles in the Scopus database one by one. Replicating 

the insertion of the titles of articles accepted in the other two databases, it was possible to verify 

the contribution of each one in the present review (figure 7). This result demonstrated the 
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Scopus database was the most relevant academic database for finding articles related to the 

relationship between AM and CE among the bases considered. 

 The inclusion stage represents the analysis, synthesis and communication of the results 

of the two proposed questions. For this, the content analysis methodology is applied, following 

Krippendorff (2018). This step is recommended to facilitate the rigorous exploration of 

complex issues in management area (DURIAU et al., 2007). 

 In the inclusion stage, an ordering of the articles was made through the In Ordination 

calculation, with an α equal to 10. After that, the 10 most relevant articles were prioritized for 

qualitative analysis. Thus, the base of articles obtained through the application of the Method 

Ordination is shown in Table 3, with the respective authors and year, title, Journal and 

keywords. 

 
Table 3 : Base of articles based on the In Ordination calculation  

Source: Authors 
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 In general, it can be seen from the articles analysis the current industrial applications of 

3D printing are already enabling a circular production system with the use of recycled and 

recovered materials as an input for additive manufacturing processes. The process not only 

uses less material due to its additive nature (the material is added only when necessary), but 

the system around the process is designed to allow material loop. 

 Therefore, additive manufacturing has been identified as having the potential to provide 

several sustainability advantages. These advantages include the generation of less waste during 

manufacture; the ability to optimize geometries and create lightweight components that reduce 

material consumption in manufacturing and energy consumption in use; the subsequent 

reduction in transportation in the supply chain; and reduced inventory waste due to the ability 

to create spare parts on demand. 

 Despite this, Rejeski et al. (2018), in his work on the environmental implications of 

Additive Manufacturing,  summarizes the current state of the art and research needs and points 

out that AM can announce the apotheosis of consumerism, instant gratification and the 

disposable society. All of this can have negative impacts on the environment. 

 In addition to this work, which points out research needs in the area, the research by 

Despeisse et al. (2017) also presents a research agenda to explore the means by which 3D 

printing can enable more sustainable modes of production and consumption and unlock value 

in the circular economy. The article explores six areas of research identified as critical to 

understanding how 3D printing can enable them for a CE, namely: (1) product, service and 

system design, (2) material supply chains, (3) information structure and flows, (4) 

entrepreneurial responses, (5) business model transformations and (6) skills and education 

development. 

 Ford and Despeisse (2016) discuss how AM creates opportunities for sustainability and 

what types of organizations are doing them. They also discuss the possible sustainability 

benefits that may arise in the future through the adoption of new business models and the 

redistribution of manufacturing. They investigated the adoption of AM from a life cycle 

perspective. Four main categories have been identified in which MA is enabling sustainability 

benefits to be achieved: redesign of products and processes; material input processing; 

manufacture of components and products to order; and closing the loop. 

 In spite of the aforementioned authors conclude that AM is inherently a technology 

which will support sustainable production and consumption, they reveal the role played by AM 

in the transition to a more sustainable industrial system remains uncertain. According to them, 

its adoption and application can safeguard dangers and unintended consequences from negative 
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impacts to sustainability. In this way, they make it clear that although the benefits of 

sustainability are evident, there are also substantial challenges, among them: high volumes of 

machinery costs; lack of knowledge and understanding of the environmental performance of 

technologies, supply chains and products manufactured through AM; AM integration with 

hybrid technologies in design ; and limited automation production. 

 Garmulewicz et al. (2018) also identifies as opportunities and barriers that 3D printing 

imposes on the Circular Economy. Thus, they pose a question of whether or not 3D printing 

can act as a facilitator of the circular economy. His findings confirm that 3D printing, in fact, 

has a strong potential for acting as a facilitator of the circular economy for three reasons. First, 

3D printing has the potential to alter the economics of the existing manufacturing value chain, 

so, at least in principle, it can enable economically viable small-scale local production. Second, 

all the technologies needed to collect and process waste plastics to transform primary 3D 

printing materials are now available. Third, waste streams can provide plastic raw materials of 

minimal quality and quantity. 

 In addition, Garmulewicz et al. (2018) offers a vision of how the circular economy 

could affect Additive Manufacturing through the recycling of plastic materials for 3D printing. 

The technologies needed to transform plastic waste into raw material for 3D printing are 

available today, albeit on a small experimental scale. In addition, some technological barriers 

were cited. First, the functional quality of 3D printed products, their high cost and, in turn, the 

limited consumer demand for these recycled products were mentioned. The group reached a 

consensus that this represented the biggest barrier of all, but also recognized the fast pace of 

innovation in printing technology. In addition, the general lack of suitable materials for 

recycling to be used in 3D printing and the availability of local materials were seen as a major 

barrier. 

 Sauerwein et al. (2019) and Yang et al. (2019) explore the AM opportunities for 

sustainable design. The first explores if AM opportunities for sustainable design are also useful 

when designing for a circular economy. Also, it is explored the extent to which AM can support 

design for a circular economy. The second, develops a comprehensive decision support tool to 

select a more sustainable assembly design solution in the initial product design stage. 

 Sauerwein et al. (2019), through an analysis of design projects, shows that AM creates 

opportunities to allow circular design strategies, such as updates and repairs which extend the 

life of a product, even if they have not been considered in the original product design. This can 

be attributed to characteristics of AM, such as digital production and adaptability and digital 

product files which allow changes and repair. This is essential for extending product life. 
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 Peng et al. (2018) studies the issue of sustainability in AM, focusing on its 

environmental impact. The study provides the latest developments on the Sustainability of 

Additive Manufacturing. In this work, the context of sustainability was introduced and 

elaborated with a focus on energy demand and environmental impact. 

 Cerdas et al. (2017) compares two different ways to manufacture a product that offers 

the same equivalent function. Using glasses frames as an example, the environmental 

implications related to the 3D printed product produced under a distributed manufacturing 

system (DMSs) and the equivalent product manufactured in a conventional centralized 

manufacturing system are investigated. Although the general results of the study do not indicate 

precisely whether one production system has potential environmental advantages over the 

other, this article identified the main relevant aspects in a DMS to understand how this 

technology can also impact the environment. 

 Finally, Unruh (2018) proposes a guide for the implementation of a CE built on a 3D 

printing base. The author brings together two fields in an existing structure - the rules of the 

biosphere and an industrial model inspired by ecology. 

5. CONCLUSIONS 

 This work approached how Additive Manufacturing and Circular Economy are related. 

The results showed many opportunities for future research, since the subject is not yet at an 

advanced stage. Initial studies indicated that Additive Manufacturing has the potential to 

provide the advantages of sustainability and the circular production system. However, more 

recent studies have highlighted some barriers that can prevent this vision from becoming a 

reality.  

 Other studies have indicated that AM may evolve into a trend to encourage 

consumerism, instant gratification and disposable society, which also goes against the 

principles of circular economy. Among the 10 studies analyzed, only one showed how circular 

economy is capable of enhancing additive manufacturing with the idea of recycling plastic 

materials for 3D printing. The same study, however, highlights the barriers found for such an 

idea. 

 Regarding the limitations of the work, it wasn´t used a software for content analysis and 

it was only analyzed ten articles so far. 
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