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ABSTRACT 

One of the issues in the area of sustainability concerns circular economy (CE), which consists 

of the conscious use of concentrated resources, the reduction of waste generation, and the 

minimum use of primary resources. In this sense, one of the areas affected by the CE is 

product development, notably in the material selection process, which is currently being 

designed taking into account CE processes, such as recycling, reuse, and remanufacturing. 

Therefore, to map the methods of material selection used in the product development process 

while also identifying the adopted principles of the CE, this article develops a systematic 

review of the literature. The results point to an approach that utilizes CE-related concepts, in 

special recycling and energy, the two most prevalent concepts, as criteria for using material 

selection tools. 
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1. INTRODUCTION 

One of the issues in the area of sustainability concerns the circular economy (CE). According 

to Bovea and Pérez-Belis (2018), there has been a growing trend in recent years for the 

development and conceptualization of CE models. Morseletto (2020) defines CE as a model 

directed at the efficient use of specialized resources, aiming at minimizing waste, reducing 

primary resources, and having closed-loop production processes and material cycles within 

the limits of environmental protection.  

For He et al. (2020), reducing the impact on the manufacturing process is seen as one of the 

best practices to reach sustainability. The concept of sustainability for a product or process is 

related to restricting the consumption of resources and the generation of waste to an 

acceptable level. It requires positive contributions that satisfy human needs and provide 

sustainable economic values for companies (Bakshi & Fiksel, 2003; Genç et al., 2015). 

In this context, a CE interferes with the material selection process, since, according to De 

Schoenmakere and Gillabel (2017), the use of circular materials has the potential to bring 

economic and environmental benefits, being increasingly recognized as the mechanism for 

using resources that will enable social-ecological sustainability. 

One of the areas where sustainability and CE interfere more directly is in the product 

development process, which is described as the process that comprises the initial recognition 

of a market opportunity plus technical strategies and capacities of the production, sale, and 

delivery of a product until its discontinuity (Pessôa & Trabasso, 2017). 

In their studies, Liu and Bai (2014) show a gap concerning CE in companies, as it is not part 

of their cultural behavior. The authors mention there is no eagerness to adopt the principles of 

CE, indicating that it is not a matter of increasing knowledge. The CE as a subject has limited 

itself to references to existing research areas, such as projects for recycling, disassembly, and 

remanufacturing (Van Den Berg & And Bakker, 2015). 

Given this, concepts related to the CE still do not have enough tools to assist in product 

development, especially in relation to the material selection process, which, as shown in the 

literature, is limited to indirectly employing the concepts related to this theme. 

For instance, there are different frameworks related to the CE, including extending the life 

cycle of resources, reducing, reusing, recycling, remanufacturing, maintenance, repair, 

transforming waste into energy, and increase product longevity (Blomsman and Brennan, 

2017). These frameworks, however, lack specific tools for the material selection process. The 

present study is based on exploring the following question: 
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• How are CE actions included in the methods for selecting materials in product development? 

Based on this issue, the objectives consist of: 

• Mapping the methods and tools for selecting materials used in the product development 

process; 

• Identifying which CE principles are most effective in selecting materials. 

The present study is justified by the importance of material selection in the design of a 

product and also by the relevance of strategies adopted to close and slow down the resource 

cycle, as shown by Vogtländer et al. (2014). To explore this unresolved issue, a systematic 

review of the literature has been done. 

2. THEORETICAL REVIEW  

2.1 Circular Economy 

The CE is a regenerative system in which the emission and leakage of energy and the entry 

and waste of resources are minimized, whether by the deceleration, closure, or narrowing of 

material and energy loops (Geissdoerfer et al., 2017). CE can be achieved through repair, 

reuse, remanufacturing, and long-term recycling (Geissdoerfer et al., 2017; Mesa et al., 2018).  

According to Reike et al. (2018), the process of reduction means buying products less often 

and being mindful of their use so they have greater durability. In relation to designers, there 

should be some concern about the use of less material per production unit. 

MacArthur (2020) reports that the reuse process involves the use of a product again for the 

same purpose with few changes or improvements, or even in its original form. Recycling, 

however, is the process of recovering materials for their original purpose or other purposes. 

According to these authors, remanufacturing is defined as a disassembly and recovery process 

at the component or subassembly level, the reusable and functional parts being removed from 

a used product and rebuilt into a new one.  

This process guarantees the quality of the component and of any potential changes or 

improvements. One of the strategies towards CE concerns products having durability, 

extending their life cycle as in the study by Kalmykova et al. (2018) that used modularity as a 

strategy. Products with functional modules accept being updated with other resources or new 

functionalities. These modules can be replaced or repaired, thus increasing the longevity of 

the product. 
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2.2 Product development 

The development of sustainable products refers to a strategic concept of sustainability that is 

consolidated and carried out in the initial phases of the product innovation process, including 

its life cycle (Hallstedt & Isaksson, 2017). Rozenfeld et al. (2006) divide product 

development into three macro phases and then into smaller stages, which are: 

• Pre-development, which involves strategic product and project planning; 

• Development, with the stages of informational design, conceptual design, detailed design, 

preparation of product production, and product launch; 

• Post-development, whose phases consist of monitoring and improving the product and 

discontinuing it. 

Given the importance of each phase in product development and the necessary information 

(Cui et al., 2014), the initial stage requires attention, given the amount of knowledge it 

involves. The initial development can influence the degree to which information is understood 

and the developers’ experience can interfere with whether the product design will be 

successful or not. 

It is essential to understand the criticality of materials from a complete perspective—

economically, environmentally, and socially—so decisions are made in the phases when 

materials are selected, that is, in the first phases of product development (Hallstedt & 

Isaksson, 2017). 

2.1 Material selection 

Material selection procedures depend on several types of criteria, such as dimensional 

considerations, knowledge of variables of operation, mechanical strength, durability 

requirements, among others. In this sense, the material is selected from a set of conflicting 

parameters that must be found concurrently. Material selection tools must consider functions 

and suggest proposals for different but equally satisfactory alternatives (Ferrante, 2002). 

In the material selection process, the problem consists of identifying the desired attribute and 

comparing to other materials to find a better combination. The material selection strategy 

consists of four fundamental steps (Ashby et al. (2004): 

 Translation of design requirements into parameters, which identifies the restrictions that 

must be met and the desired objective; 

 Exclusion of all materials that do not meet the restrictions; 
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 Classification of materials that remain on the list by the fulfillment of its objective; 

 Documentation of the best-ranked candidates to analyze them more deeply. 

In the material selection process, a series of variables are considered in decision making 

(Karande & Chakraborty, 2012). In this context, according to (Jahan et al., 2011), multi-

criteria decision-making methods such as AHP, VIKOR, and TOPSIS can help designers 

choose the best material to meet their needs. 

3. MATERIALS AND METHODS 

Systematic reviews (SR) aim at reducing the influence of subjectivity. The best and most 

useful ones utilize selected and revised literature to evaluate an existing theory or even to 

create a new one (Siddaway et al., 2019). In this sense, SR are a type of research that follows 

specific steps and seeks to understand and logically explain a large documentary corpus 

(Galvão & Ricarte, 2019). 

3.1 Article selection process 

To accomplish the proposed SR, it was necessary to choose databases with a large volume of 

journals on the most diverse subjects, including the theme of this work. As such, Scopus and 

Web of Science were chosen, as they meet this requirement. The article selection process was 

divided into four stages: selection by title, abstract, methodology, and complete reading.  

Initially, the articles were selected through the titles available in the chosen databases between 

2010 and 2020. For that, some keywords were chosen because of their relation to material 

selection and product development. Chart 1 presents these keywords, and inclusion and 

exclusion items of this stage. During the selection by summary, items were deemed inclusion 

items if related to product development or material selection and exclusion items in the 

absence of such content. 

The next step was to select the materials and methods used in the articles with the objective of 

distributing them among the following categories: presents a case study, proposes or evaluates 

material selection, or develops a product. The selected items proposed a material selection 

methodology and presented a case study; those that did not fit were excluded. 

The last step was to select the articles via their complete reading, accepting studies that 

present material selection methods in the product development process and excluding those 

that did not fit such requirements. To illustrate the steps mentioned above, a flowchart was 
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created, Figure 1. The first step returned 14,766 articles; after completing the remaining steps, 

20 papers met all the criteria. 

CHART 1 – Criteria used in the first stage of analysis. 

 

From the reading of the complete papers and the elaborated codifications, a matrix was drawn 

considering the methods adopted for material selection and the parameters of the CE, such as 

reuse, remanufacture, recycling, reduction, energy, and life cycle. 
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FIGURE 1 – Flowchart of methodological processes. 

4. RESULTS AND DISCUSSIONS 

Table 1 describes the 20 articles selected. The studies were codified and listed by authors and 

by year, also containing the products analyzed in each one. As noted in Table 2, the studies 

were classified according to material selection tools/methods identified during reading based 

on the principles of the CE adopted as criteria in the articles. 

TABLE 1 – Selected articles.  
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In the results, it is seen that the tools support CE actions, adopting their approaches as a 

criterion in the stages of material selection. As such, the most addressed topic was recycling, 

and the second was energy; for instance, energy used to produce the product or the material. 

The methods that stood out in the approaches were the new ones, AHP and QFD.  

Third is the life cycle analysis approach, in which the new ones, the AHP, QFD, and LCA, 

stood out as the best-known methods. Another point to be highlighted is that the 

remanufacturing criterion is used in only a few studies that involve material selection 

processes, more specifically in those that deal with component disassembly and 

reconstruction.  

TABLE 2 – Results.  
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In the case of the studies selected in this review (Dos Santos et al., 2016; Hallstedt & 

Isaksson, 2017; Yang et al., 2017), the remanufacturing criterion is used on studies of 

structural panels for aeronautical furniture, of engine blocks and intake manifolds, and on 

studies of components used on aircrafts, which demonstrates the applicability of this criterion 

Tools/Methods of 

material selection 
Reduce Reuse Recycle Remanufacturing Life cycle Energy

Analytic Hierarchy 

Process (AHP)
[2, 17] [2, 3, 7]

[2, 3, 7, 

17,18]
[18]

[2, 3, 7, 

17,18]

Artificial neural networks 

(ANNs)
[13] [13] [13]

Critical Raw Materials 

(CRMs)
[11]

Fuzzy Complex 

Proportional Assessment 

(COPRAS)

[20] [20]

Fuzzy Technique of 

ranking Preferences by 

Similarity to the Ideal 

Solution (Fuzzy TOPSIS)

[14, 17] [14] [14, 17] [14] [14] [17]

Grey-based decision-

making model 

(GBDMM)

[6] [6]

General regression (GR) [13] [13] [13]

Grey relational analysis 

(GRA)
[2] [2] [2] [2]

Life Cycle Assessment 

(LCA)
[13,18] [13, 15, 18] [13, 15, 18]

Material durability 

indicator (MDI)
[5] [5]

Multi-Criteria Decision 

Analysis (MCDA)
[15] [15]

Multi-Criteria Decision 

Making (MCDM)
[14] [14] [14] [14] [14]

Principal component 

analysis (PCA)
[17] [17] [17]

Preference selection 

index (PSI)
[17] [17] [17]

Quality Function 

Deployment (QFD)
[17] [10] [10, 17, 18] [10] [10, 18] [10, 17, 18]

Technique for Order of 

Preference by Similarity 

to Ideal Solution 

(TOPSIS)

[17] [17] [15] [17, 15]

VIseKriterijumska 

Optimizacija I 

Kompromisno Resenje 

(VIKOR)

[3] [3] [3]

New methods [10, 19] [9, 10]
[1, 8, 9, 10, 

12, 16, 19]
[10, 19]

[1, 9, 10, 

12, 16, 19]

[1, 4, 8, 9, 

10, 12, 16]
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in products that feature a set of components. These articles used the new methods and the 

Fuzzy-TOPSIS and MCDM methodologies, respectively. 

Many studies have opted for the creation of new tools and methods for the selection of 

materials. Some studies (Dos Santos et al., 2016; García-Gil et al., 2020), presented new 

methods to meet the specific needs of the products developed in each study. 

In case Prendeville et al. (2014), the material selection process needs to reflect the sector’s 

behavior, legislation, trade-offs, access to knowledge, networks, and stakeholders. As such, 

that study presents SPICE, a new conceptual model that connects stakeholders, material 

selection, sustainable development, and trade-offs to assist in strategic project management 

and material selection for ecological innovations. 

In work Zarandi et al. (2011), cited as justification for creating a new tool the fact that the 

selection of materials through life cycle engineering has a high cost; therefore, a new method 

has been developed, one that takes into account the knowledge of specialists on sustainable 

development.  

Dos Santos et al. (2016) claim that no established procedures can help product designers 

reassess their previous designs and assist in making design decisions. As a result, they 

proposed a new method to select and change the materials used for vehicle components, one 

that is useful to alert and assist designers in updating their pre-existing designs. 

For Djassemi (2012), eco-sustainability factors in product development may require 

manipulating enormous data and executing numerous calculations. The difficulty in 

incorporating quantitative data in evaluating the life cycle of a product is evident. Given this, 

the study presents a practical computer-aided procedure capable of assisting designers in the 

material selection process, one that incorporates environmental considerations in the analysis 

of a product’s life cycle. 

Studies have used more than one tool in the selection of materials. According to Mayyas et al. 

(2016) using more than one method is justified by their inclusion of several attributes in 

decision making. As each has its pros and cons, the comparison would ensure an efficient 

decision-making process when selecting the product’s material. Ghose et al.  (2019), used two 

methods to help designers integrate customer needs into the product. 

5. CONCLUSION  

The present study sought to answer the following research question: How are CE actions 

inserted in the methods for selecting materials in product development? Through a SR of the 
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literature, we identified the most frequently used tools in the studies, namely AHP, QFD, 

LCA, and new ones that were developed in the papers. 

One of the features of the AHP that justifies its use by developers of products is that it can be 

characterized as a tree, containing levels and sections. In which in the top section they can 

define and add the objectives or goals of the product, and in the second level can correspond 

the factors or criteria that interfere with the goals (Mansor et al., 2013). The RFD provides 

space to relate engineering parameters and customer needs through scores and weights for 

each (Mayyas et al., 2011). 

The integration of the CE in material selection took place in the studies by adopting CE 

approaches as a criterion in the used tools. Although means to achieve sustainability have 

gained attention over the years, CE approaches show a difference in their integration in 

studies, with recycling and energy being more prominent in this research. 

This study will contribute to designers and other professionals in the area, as materials 

selection has a primordial relevance to the CE strategy chosen for product development. The 

study contributes to the CE literature, as it advances it by offering more support for the 

development of products that fit the CE models. Its limitation was the quantity and quality of 

published studies on material selection in product development. 

We can see the need for CE studies to address the tools for selecting materials for new 

products and not just reduced use strategies. Dematerialization is still a long-range objective, 

and material selection can strongly support other EC strategies. It can be seen in the research 

that the material selection tools focus on some CE strategies implicitly, addressing 

sustainability as a whole.  

We emphasize how the selection of materials favors the CE and, through this study, other 

researchers can further direct design studies, contemplating how these tools help on the 

transition to the CE. This study helps other researchers and policymaker’s direct strategies to 

facilitate the transition to the CE, not only to indicate material selection practices that are 

more sustainable but also to verify which methods are more consistent with the principles of 

the CE. 
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