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ABSTRACT

Due to the technologies diversity on the rise nowadays, it is becomes necessary to investigate how to use them
in sustainable practices. The present study is a Systematic Bibliographic Review (SBR) that verified how Additive
Manufacturing/3D Printing technology is being associated with sustainability in scientific productions in Brazil.
The sixteen (16) selected papers were published in Encontro de Sustentabilidade em Projeto (ENSUS), Congresso
Brasileiro de Pesquisa e Desenvolvimento em Design (P&D Design), Simpédsio de Design Sustentavel (SDS) annals
and Mix Sustentavel magazine, between the years 2018 to 2023. The results show (1) papers analysis, aiming
to identify its central themes, most recurrent were: Product-Service System (PSS), Waste Reduction, Ecodesign
and Recycling; (2) Keywords definition, most used being “3D Printing”, “Additive Manufacturing”, “Biomimicry”,
“Filaments” and “Recycling”; (3) understanding studies focus through Design for Sustainability strategies; (4) gui-
delines for applying 3D printing sustainably.

KEYWORDS
Additive Manufacturing; 3D Printing; Sustainability; Systematic Bibliographic Review.

RESUMO

Com a diversidade de tecnologias em ascens@o na atualidade, torna-se necessdrio investigar como utilizd-las em
prdticas sustentdveis. O presente trabalho trata-se de uma Revisao Bibliogrdfica Sistemdtica (RBS) que verificou como
a tecnologia de Manufatura Aditiva/Impressao 3D estd sendo associada a sustentabilidade em producées cientifi-
cas no Brasil. Os dezesseis (16) artigos selecionados foram publicados em anais do Encontro de Sustentabilidade em
Projeto (ENSUS), Congresso Brasileiro de Pesquisa e Desenvolvimento em Design (P&D Design), Simpdsio de Design
Sustentdvel (SDS) e na Revista Mix Sustentdvel, entre os anos de 2018 e 2023. Os resultados apresentam (1) andlise do
artigo, objetivando identificar seus temas centrais, os mais recorrentes foram: Sistema Produto-Servico (PSS), Reduc¢éo
de Residuos, Ecodesign e Reciclagem; (2) defini¢do de palavras-chave, sendo as mais utilizadas “Impresséo 3D’
“Manufatura Aditiva”, “Biomimética”, “Filamentos” e “Reciclagem”; (3) compreensdo do foco dos trabalhos mediante
estratégias do Design para a Sustentabilidade; (4) diretrizes para aplicar a impressédo 3D de modo sustentdvel.
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RESUMEN

Con la diversidad de tecnologias en auge hoy en dia, es necesario investigar cémo utilizarlas en prdcticas sostenibles. Este
trabajo es una Revision Bibliogrdfica Sistemdtica (RBS) que investigd cémo la tecnologia de Fabricacién Aditiva/Impresién
3D estd siendo asociada a la sustentabilidad en producciones cientificas en Brasil. Los dieciséis (16) articulos seleccionados
fueron publicados en los anales del Encontro de Sustentabilidade em Projeto (ENSUS), del Congresso Brasileiro de Pesquisa
e Desenvolvimento em Design (P&D Design), del Simpésio de Design Sustentdvel (SDS) y de la Revista Mix Sustentdvel,
entre 2018 y 2023. Los resultados muestran (1) andlisis de los articulos, con el objetivo de identificar sus temas centrales,
siendo los mds recurrentes: Sistema Producto-Servicio (PSS), Reduccion de Residuos, Ecodiserio y Reciclaje; (2) una defi-
nicién de palabras clave, siendo las mds utilizadas "Impresién 3D", "Fabricacién Aditiva", "Biomimética", "Filamentos" y
"Reciclaje"; (3) una comprension del enfoque de los trabajos a través de estrategias de Disefio para la Sostenibilidad; (4)
directrices para aplicar la impresién 3D de forma sostenible.

PALABRAS CLAVE

Fabricacién Aditiva; Impresién 3D; Sostenibilidad; Revision Sistemdtica de la Literatura.
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1. INTRODUCTION

In a world with increasingly evident social and environ-
mental problems, affecting the relationship between the
environment, human beings and other species, it is es-
sential to turn attention to actions linked to sustainability,
reevaluating forms of production and consumption, in an
attempt to minimize negative impacts.

In the production and consumption model adopted,
mainly since Industrial Revolution in 19th century, natural
resources waste generates high levels of residue, which in
2018 already reached 1.3 billion tons per year across the
planet, including mining, livestock, agriculture, industries,
civil construction, demolition and urban solids, and with
the depletion of such riches there is a tendency towards
scarcity and depletion (Sampaio et al., 2018).

Therefore, manufacturing systems encompass socio-
-environmental factors and consequences, as they de-
pend on natural resources, such as raw materials, inputs
and/or energy, causing, in addition to waste, other health
risks (Riul; Silva; Ribeiro, 2011).

Given this context, it is necessary to seek more sustai-
nable standards for both production and consumption, as
proposed in the twelfth (12th) Sustainable Development
Goal of United Nations (2015), which is possible by streng-
thening scientific and technological capabilities.

Regarding technologies related to production proces-
ses, 3D Printing, an Additive Manufacturing system in whi-
ch material is gradually added in several layers to make
a physical object based on a digital model (Morandini;
Del Vechio, 2020), emerges as an alternative that can be
aligned with strategies in line with environmental requi-
rements, such as reducing the use of materials and elec-
trical energy (Manzini; Vezzoli, 2002).

The aforementioned manufacturing method also
fits into the trends of bringing people and things toge-
ther, reducing the need for transportation, and sharing
instruments and equipment, avoiding excess products
(Manzini, 2008).

Recognizing that the technology in question has a
promising character in the field of sustainability and to
encourage research uniting these themes, this study se-
eks to investigate, with the aim of exposing guidelines
for practice: how Additive Manufacturing/3D Printing is
being linked to sustainability in scientific studies?

https://doi.org/10.29183/2447-3073.MIX2023.v10.n2.81-90

2. DESIGN AND SUSTAINABILITY

When approaching Design and sustainability, it is essen-
tial to understand some relevant concepts. The following
topics are sustainable practices in the environmental di-
mension present in the results of this research, which is
why they are used for theoretical basis.

« ECODESIGN

Ecodesign is characterized by considering the entire life
cycle, involving energy, material and spatial impacts, in
the development of products, systems, services or infras-
tructure, directing projects with an interest in eco-effi-
ciency (Platchek, 2012).

To carry out projects based on ecodesign, it is crucial
to consider some guidelines, including (Pazmino, 2007):

+ Reduce the use of natural and energy resources;

« Use inexhaustible, non-damaging, recycled, recy-
clable and/or renewable materials;

+ Use only one material;

+ Reduce weight and volume;

+ Minimize production processes;

+ Increase safety and durability;

« Eliminate packaging or design it to be recyclable or
reusable;

- Facilitate maintenance and repairs;

- Enable the replacement of components or refills.

As fundamental objectives, ecodesign seeks to reduce
consequences for the environment, reduce production
costs and promote a competitive advantage for compa-
nies, in a market in which the appeal for sustainable de-
velopment grows increasingly, bringing contributions at
a global level, due to the capacity to extract raw materials
tends to be exhausted quickly (Menezes; Vilaga; Reis, 2010).

« PRODUCT-SERVICE SYSTEM (PSS)

A Product-Service System (PSS) consists of material pro-
ducts together with intangible services, designed so that
together they satisfy the specific needs of users, while
also aiming to achieve sustainable goals (Brandstotter et
al., 2003).

There are three categories of PSS, each with specific
activities, they are (Tukker, 2004):

« Product-oriented services: service related to the
product and advice + consultancy;
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« Use-oriented services: product rental, rental or sha-
ring of products and product grouping;

+ Result-oriented services: management/outsour-
cing of activities, payment per unit of service and func-
tional results.

The essential aspects of eco-efficient PSS innovations are:
support in an economic model that has satisfaction as its
focus, meeting specific satisfaction demands, and the ba-
sis on the interactions of stakeholders, enabling radical in-
novations such as new relationships and partnerships wi-
thin a certain productive network of satisfaction (Vezzoli
et al., 2018).

« WASTE REDUCTION

Waste refers to a vast group of materials discarded by di-
fferent social agents, generated by the many activities of
human beings, such as agriculture, livestock farming, mi-
ning, among others (Sampaio et al., 2018).

In general, to reduce such waste it is necessary to chan-
ge the patterns in which society produces and consumes
goods, with actions that include waste control, product
reuse and recycling (Ribeiro; Besen, 2007).

This reduction can start with simple actions such as
using cloth napkins, not using plastic bags and straws and
avoiding food waste, thus contributing to the rationaliza-
tion of nature's resources (Pozzetti; Caldas, 2019).

In addition to education for responsible consumption,
covering all sectors, adequate management of natural
capital is essential, an action that needs to be taken and
maintained in companies and also in public administra-
tion (Figueiredo; Nascimento, 2021).

« ADDITIVE MANUFACTURING/3D
PRINTING

The timeline of 3D Printing begins in the 1980s, with the
patent application for a rapid prototyping system by
Japanese doctor Hideo Kodama, from Nagoya Municipal
Industrial Research Institute. Describing this technology
as “a vat of photopolymer material (type of resin), with
exposure to UV light, which stiffens the part, producing a
certain model in layers” (Figure 1). However, the registra-
tion was not successful (Lonjon, 2017).
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Figure 1: Photopolymer material vat with UV light exposure,
by Hideo Kodama.
Source: Institute of Electronics, Information and Communication

Engineers [IEICE] (2014).

3D Printing is a manufacturing process through gra-
dual addition of material in layers, receiving information
from a 3D computer representation of the component.
The stages of this production means can be listed as
follows (Carvalho; Volpato, 2017):

(1) Three-dimensional (3D) modeling;

(2) Conversion of the three-dimensional geometric
model to a format suitable for printing;

(3) Slicing and delimiting support structures and
techniques for material to be deposited;

(4) Object manufacture on 3D printer;

(5) Post-treatment.

Figure 2 illustrates how this process occurs.

&

»— N

3
5 | T3

There are several types of Additive Manufacturing
technologies and, consequently, 3D Printing techniques,
both indicated with their acronyms by the standard
“ISO/ASTM 52900-15: Standard Terminology for Additive
Manufacturing” (Mousapour, 2020).

3D printing is presentin several areas such as Medicine:
transplants with personalized structures for each patient;
Biology: researchers can study types of fossils or bone
structures through copies; History: replicas of value or im-
portance items from other centuries are capable of being

Figure 2: 3D printing steps.
Source: Authors (2023).
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produced; Nutrition: food solutions can be developed in
laboratory; Robotics: improvements to mechanical parts
and electronic components; Design: designing higher
quality prototypes for projects (Erickson, 2012).

Checking so many examples, it is clear how 3D Printing
has revolutionized the market and even science on a glo-
bal level, contributing to the advancement of various seg-
ments. In this scenario, it becomes of great relevance to
understand it based on sustainable precepts, which are
capable of making it less harmful to environment, since
sustainable development has been established as a goal
for contemporary society and new production processes
must be aligned with these objectives.

« METHODOLOGICAL PROCEDURES

This research can be classified, with regard to its purpose,
as pure (Gil, 2008), as it seeks to produce scientific knowle-
dge by investigating the state of art about relation betwe-
en 3D printing and sustainability, but without claiming
real applications and consequences. In a philosophical
conception, it can be seen as pragmatic, because it comes
from actions consequences and is oriented towards prac-
tice in the real world (Creswell, 2010). Its nature is mixed
as it includes collection, analysis and integration of qua-
litative data, referring to papers content, and quantitati-
ve, relating to percentages of subjects covered in them
(Sampieri, Collado; Lucio, 2013). The research is also cha-
racterized, in terms of scope, as descriptive (Gil, 2008), as
it reports how interest themes are treated in the academic
studies evaluated.

Itis defined as a Systematic Bibliographic Review (SBR),
a verification model that highlights its steps, making it
possible to track the criteria taken into consideration for
execution, thus allowing other researchers to be able to
replicate it (Santos, 2018).

Figure 3 shows how methodological processes are
organized.
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Figure 3: Methodological flowchart.
Source: Adapted from Santos (2018).

In Phase 1, with research question already defined,
presented previously in the introduction topic, the sour-
ces for searching for papers were determined, being an-
nals those events/journals: Encontro de Sustentabilidade
em Projeto (ENSUS), Mix Sustentavel Magazine - from the
Federal University of Santa Catarina (UFSC) -, Congresso
Brasileiro de Pesquisa e Desenvolvimento em Design
(P&D Design) and Simposio de Design Sustentavel (SDS),
covering the period from 2018 to 2023. The keywords
used were “Impressao 3D” and “Manufatura Aditiva”, also
in english: “3D Printing” and “Additive Manufacturing”,
since some sources have studies in that language. The
criterion for screening papers was that scope should con-
cern Additive Manufacturing/3D Printing associated with
sustainable solutions.

Table 1 presents the systemic survey with amount of
publications found and how many were selected, after
reading the title, keywords, introduction and conclusion,
as described in Phase 2, from each database, as well as pa-
pers total number.

TABLE 1: Systemic Survey

Data Base Publications found Selected publications
In screening
ENSUS 3 5
MIX SUSTENTAVEL 4 4
P&D DESIGN 7 3
SIMPOSIO DE DESIGN 1 1
SUSTENTAVEL
TOTAL 25 16

Source: Authors (2023).

Thirteen (13) papers were found from ENSUS and nine
(9) were selected, as the others were also published, with
their more complete contents, in magazine included in
the review, two (2) of which were from 2019, one (1) from
2020, two (2) in 2021, one (1) in 2022 and three (3) in 2023,
in Revista Mix Sustentavel four (4), one (1) from 2019, two
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(2) from 2021 and one ( 1) from 2023, from P&D Design
seven (7), but only two (2) were chosen, following the es-
tablished criteria, one (1) from 2018 and one (1) from 2022,
and in SDS one (1), from 2019.

After reading full studies text, a classification was
carried out based on guiding themes of each of them,
with respective percentages structured in infographics,
following a thematic grouping report, a strategy focused
on describing main various themes characteristics, but
about a common research problem (Santos, 2018), and
development of a framework with guidelines for sustaina-
ble practices in the context of 3D printing, as determined
in Phase 3. This investigation will be presented in below
topic.

3. RESULTS AND DISCUSSIONS

With the completion of Planning and Conducting Search
phases, an investigation began on the previously selected
papers, with intention of recording sustainable themes
that were associated with Additive Manufacturing/3D
Printing, also based on subjects discussed in theoretical
references. The results were divided into databases, pu-
blication year, title, authors and central theme(s) (Chart 1).

Through this investigation it was noted that there is a
trend towards some themes and following what was de-
termined in Phase 3, Report and Disclosure, themes and
their quantities were gathered in a bubble chart (Figure 4).

Recycling T sustainable

(3} Development

(2)

Waste
Reduction

(3)

Figure 4: Central themes of studies.

Source: Authors (2023).

The results indicated Product-Service System as five (5)
papers theme, Ecodesign as four (4), Recycling and Waste
Reduction as three (3) each and Sustainable Development
as only two (2).

In studies centered on Product-Service System, the
practices were focused on health and veterinary areas, in
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manufacture of prostheses, orthoses, among others, and
ways of distributing them to users, which may include la-
boratories, thus offering services. Ecodesign was appro-
ached based on products improvement, in aspects such
as customization, flexibility, lightness and resistance, and
Waste Reduction was mostly linked to civil construction,
in cementitious materials design. Recycling was related
to creation of filaments derived from waste, such as poly-
mers and wood, and Sustainable Development through
residential projects analysis and businesses mapping that
include 3D printing in the scope of their service provision.
The keywords of papers were also investigated, conside-
ring their frequency (Figure 5).

Among44terms,themostrecurrentwere “3D Printing”,
appearina nine (9) times. “Additive Manufacturina” three

e 3D Printing

% (9)
Figure 5: Keywords of studies.

Source: Authors (2023).

(3), “Biomimetics”, “Filaments” and “Recycling” two (2)
each. There are only one (1): “3D Concrete Printing”,
“3D Digitization”, “Additive Manufacturing”, “Adhesion
Between Layers”, “Agave”, “Ankle-Foot Orthosis”, “Assistive
Technology”, “Bird Limb”, “Case Study”, “Cementitious
Material”, “Cementitious Materials”, “Ceramics”, “Circular
Economy”, “Civil Construction”, “Design”, “Design for
Sustainability”, “Digital Manufacturing”, “Fabrics”, “Fashion
Design”, “FDM (Fused Deposition Modelling)”, “Graphic
Geometry”, “ Legal Aspects”, “Maker Culture”,
“Material Design”, “Mechanical Properties”, “Medical-
hospital Equipment”, “Mineral Additions”, “Ortheses”,
“Orthesis”, “Polypropylene”, “Porcelain”, “Precious Plastic”,
“Product Quality”, “Prosthetics”, “Prosumism”, “Public
Healthcare”, “Rapid Prototyping” and “Sustainability”.

]

Housing”,

Finally, it was found out what studies resulted in/focused
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Data Base

Publications
year

Title

Authors

Central
theme(s)

ENSUS

ENSUS

2019

Prétese de membros em
péssaros: estudo de caso de
aplicagao da Biomimética e

impressao 3D

Rayane Franga Paes Queiroz,
Cynara Fiedler Bremer e
Fernando José da Silva

Product-Service
System (PSS)

Da Representagéo Gréfica 3D a
Fabricagao Aditiva de Cerdmicos
Industriais de Forma Complexa

José Manuel C.B.C. Frade e
Josiane Wanderlinde Vieira

Ecodesign

2020

Uma Revisao Sistematica da
Literatura sobre os Processos de
Design direcionados a
Manufatura Aditiva em Fab Labs
para melhoria da qualidade do
produto e redugéo de residuos

José Ignacio Sanchez e
Germannya D' Garcia
Araujo Silva

Ecodesign +
Waste Reduction

2021

Utilizagao de cinza
volante (CV) para
impressao 3D

Livia Fernanda Silva, Gustavo de
Pinho Tavares Filla, Ester Meira
Ramos Amorim, Monique de Brito
Filgueiras e Berenice Martins

Waste Reduction

Elementos de concretos
produzidos por impressdo 3D
com foco na aderéncia entre

camadas: uma revisao

Toranes
Monique de Brito Filgueiras,
Livia Fernanda Silva e
Berenice Martins Toralles

Waste Reduction

2022

Digitalizagdo 3D e impresséo
3D de baixo custo voltada a
satde publica: estudo de
aplicagao em ortese infantil

Leonardo Teixeira
Bortoleto e Claudio
Pereira de Sampaio

Product-Service
System (PSS)

2023

Desenvolvimento de Ortese
Pediatrica do Tipo Tornozelo-Pé
com uso de Impressao 3D

Herbert Renato Coelho
Gomes, Claudio Pereira de
Sampaio, Sénia Maria Fabris e
José Antonio Vicentin

Product-Service
System (PSS)

Pesquisa, Desenvolvimento &
Fabricagao Digital com uso da
Impressao 3D: desafios para o
desenvolvimento e
regulamentacao de dispositivos
na area da satide

Sonia Maria Fabris Luiz, José
Antonio Vicentin e Claudio
Pereira de Sampaio

Product-Service
System (PSS)

Sustentabilidade e materiais:
Viabilidade da producgao de
filamentos para impressao 3D
através da utilizagdo de
polipropileno reciclado

Tauana Batistella e
André Canal Marques

Recycling

MIX
SUSTENTAVEL

2019

Investigagao de Estratégias de
Leveza e Resisténcia das
Fibras de Agave para Material
de Impresséo 3D Bioinspirado

Amilton José Vieira de Arruda,
Emilia Cristina Pereira Arruda e
Rodrigo Barbosa de Aratjo

Ecodesign

2021

Estudo da Viabilidade de
Fabricagao de Filamento
Compésito Sustentavel para
Impressao 3D a partir de uma
Matriz PLA Reforgada com
Residuos de Fibras de Madeira

Daniel Lauxen Spohr, Felipe
Antonio Lucca Sdnchez e
André Canal Marques

Recycling

Design e Impressao 3D na

Pandemia: Uma Analise de

Possibilidades a partir do
Modelo Teérico DFSS

Claudio Pereira de
Sampaio e Sonia
Maria Fabris Luiz

Product-Service
System (PSS)

2023

Impressao 3D com
Materiais Cimenticios: Uma
Analise Comparativa de
Projetos Residenciais

Luana Toralles Carbonari,
Berenice Martins Toralles, Livia
Fernanda Silva, Lisiane Ilha
Librelotto e Thalita Gorban

Sustainable
Development

P&D
DESIGN

2018

Tecido Impresso em 3D
para a Industria do
Vestuério

FerrerrGigito
Lais Estefani Horngurg, Carine
Rorato de Oliveira, Arlete
Ehlert de Souza, Jeferson
Daronch e Danilo Corréa Silva

Ecodesign

2022

A impresséo de Artefatos 3D
como Alavanca Social: 0 3DP
e 0 movimento maker no
contexto pernambucano

Luiz Valdo A. Maciel,
Amilton Arruda e Thamyres
Clementino Oliveira

Sustainable
Development

SIMPOSIO DE
DESIGN
SUSTENTAVEL

2019

Pléstico Precioso:
prototipagem répida e
reciclagem de residuos
de manufatura aditiva

Mario Ruiz Manrique, Leticia Teixeira
Mendes, Auta Luciana Laurentino e
Sadi da Silva Seabra Filho

Recycling

CHART 1: Systematic Bibliographic Review Detailing

Source: Authors (2023).
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on, whether product or service (Figure 6).

Figure 6: Result/focus of studies.

Source: Authors (2023).

It was found that of sixteen (16) studies, fourteen (14)
resulted in or focused on product, only one (1) on servi-
ce and another (1) about the union of product and ser-
vice. The only study focused on service is “A impressao
de Artefatos 3D como Alavanca Social: o 3DP e o movi-
mento maker no contexto pernambucano”, by Luiz Valdo
A. Maciel, Amilton Arruda and Thamyres Clementino
Oliveira, and on product + service: “Design e Impressao
3D na Pandemia: Uma Analise de Possibilidades a partir
do Modelo Teérico DFSS”, by Claudio Pereira de Sampaio
and Sonia Maria Fabris Luiz.

Based on the cases presented in analyzed studies,
some guidelines are proposed for the application of
Additive Manufacturing/3D Printing in sustainable pro-
jects/businesses, mainly taking into account environmen-
tal dimension (Chart 2).

CHART 2: Guidelines for Additive Manufacturing/3D Printing Sustainable

How to use Additive Manufacturing/3D Printing in a sustainable way?

1. Give preference to printing in
Fab Labs/Digital Manufacturing Laboratories.
2. Use sustainable [biodegradable or recycled] filaments/liquid resins.
3. Adjust print settings appropriately to avoid wasting
material and save energy.
4. Develop products with a minimum of components.
5. Offer replacement parts.
6. Pay attention to expiration date of liquid resins to
avoid unnecessary disposal.
7. Enable disused/damaged products collection for recycling.
8. Adopt recycling techniques for leftover materials and discarded products.
9. Correctly dispose of unusable liquid resins, preferably at collection points.

Source: Authors (2023).

4. FINAL CONSIDERATIONS

Through the Systematic Bibliographical Review (RBS)
carried out, a relevant overview was obtained to unders-
tand, and at the same time demonstrate, how Additive
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Manufacturing/3D Printing is capable of being used for
sustainability. It was found that Product-Service System,
Ecodesign, Recycling and Waste Reduction were promi-
nent themes and that focus on products is greater in rela-
tion to services, taking into account that results prioritized
tangible goods.

Other points to highlight are areas variety, such as de-
sign, architecture, health, fashion, which include sustaina-
ble projects with technology mentioned, and that data
obtained highlights gaps to be filled, such as deficit of
initiatives based on sustainable development and those
that essentially result in service, in addition to low annual
scientific production on subjects reviewed, and can con-
tribute as guidelines.

Given this, it can be stated that initial objective, veri-
fying how two areas that supported this review are rela-
ted, was achieved, taking into account detailing studies
scientific selected and information extracted from them.

The main difficulties involved accessing studies in da-
tabases whose annals are divided into several platforms
and, in some cases, characterizing papers central themes.

For future study, it is suggested that RBS be carried
out at other events and periodicals, including outside the
Brazilian context, aiming for greater understanding and
coverage, and possible updates to proposed guidelines.
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