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ABSTRACT

The application of tools in the production process in pursuit of sustainability in companies
generates not only environmental benefits, but also social, economic and governance ones.
The main objective of this study was to identify and analyze the relationship between the
themes of sustainability and eco-design in production processes, relating them to
environmental management tools. The methodology used in the research was the Systematic
Literature Review (SLR), and through the PRISMA meta-analysis it was possible to consider new
aspects to answer the research question: “What relation exists between the topics of
sustainability and eco-design in productive processes?” and “Which environmental
management tools are related to these topics?”. Based on the articles studied, it was possible
to verify that tools and techniques applied to the production process, such as the use of eco-
design concepts and techniques in the conception of products, and the identification of
environmental impacts through inventories of procedures and Life Cycle Assessment (LCA)
management, all of which improves processes, and reduces energy consumption, waste
generation, production cost and raw materials.

Keywords: sustainability; eco-design; tools; production process; life cycle analysis.

RESUMO

A aplicacao de ferramentas no processo produtivo buscando a sustentabilidade nas empresas
gera ndo apenas beneficios ambientais, mas também sociais, econémicos e de governanca. O
objetivo principal deste estudo foi identificar e analisar a relacdo entre os temas da
sustentabilidade e do ecodesign nos processos produtivos, relacionando-os com ferramentas
de gestdo ambiental. A metodologia utilizada na pesquisa foi a Revisdo Sistematica da
Literatura (RSL) e através da meta-analise PRISMA foi possivel considerar novos aspectos para
responder as questées de pesquisa: “Qual a relacdo existente entre os temas sustentabilidade
e ecodesign em processos produtivos?” e “Quais ferramentas de gestdo ambiental estao
relacionadas a estes temas?”. Com base nos artigos estudados, foi possivel verificar que
ferramentas e técnicas aplicadas ao processo produtivo, como a utilizacdo de conceitos e
técnicas de ecodesign na concepcdo de produtos e processos, e a identificacdo de impactos
ambientais por meio de inventarios de processos e de Andlise de Ciclo de Vida (ACV)
melhorando processos, reduzindo consumo de energia, geracao de residuos, custo de producao
e uso de matéria prima.

Palavras-chave: sustentabilidade; ecodesign,; ferramentas; processo produtivo; avaliacdo do
ciclo de vida.

1. INTRODUCTION

Technological advancements in industries have grown a lot in the last decades,
generating environmental disturbances. As a consequence, companies are becoming
more responsible with the environment, aiming to reduce environmental impacts
through development of clean technologies (Casner; Livotov; Silva, 2018; de Mello
Santos et al., 2022; Sahoo; Kumar; Upadhyay, 2023). The global scenario has been
encouraging more and more industries and service providers to consolidate new
economic, social and environmental drivers that are capable of being managed,
aiming to make the production processes more sustainable, and with that, keeping
perpetuity in the organizations (Franciosi et al., 2020).
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The need for companies to become sustainable, from an economic, social,
environmental and governance point of view has been growing through the years, and
so did the need to encourage the development of new technologies, able to expand
the management of externalities (impacts), enabling not only, for example, the
removal of pollutants and the modifications of a determined degraded area (because
they are visible to society), but also to expand and to engage the many stakeholders
to have a systemic view of improvement opportunities in the risks produced in each
process by the various actors that participate in the value generation for clients
(Clément; Robinot; Trespeuch, 2022; Golroudbary; El Wali; Kraslawski, 2019). The
establishment of more sustainable and lasting business procedure models reduces
environmental and social impacts, bringing more value to the client (Bjgrnbet et al.,
2021).

Organizations, in worldwide scope, have been getting more and more concerned about
environmental management. The sustainability advancements in industries instigate
to reflect and practice actions to reduce negative impacts related to economic,
environmental, social and governance issues. Thus, since companies have
commitment to preserve their image and stay sustainable (generating value, which
gives them a competitive differential), it is important to engage the commitment
assumed with the environmental preservation, showing it to suppliers, clients,
investors, society and other stakeholders (Fontoura; Coelho, 2022; Lahti; Wincent;
Parida, 2018; Yong et al., 2022).

The process of materiality (identification of positive and negative impacts present in
organizations), will help companies to be assertive when choosing the paths to be
taken, in search of a management form that creates value for itself and other
stakeholders. The agroindustry sector is very relevant for the environmental
sustainability issue, because it is presumed that food production collaborates with
about 25% of gas emissions in the whole world, generating considerable impacts
relating to use of soil and water (Hoek et al., 2021; Laca et al., 2021). In this sense,
the objective of the sustainability theme is to orient public and private sectors about
economic, social, environmental and governance problems, and with it, provide an
environmental management plan with a holistic view of the whole context, making
companies stimulated to include naturally all these aspects in their processes
management (Babbitt et al., 2018).

Organizations which aim to perfect their productive processes through sustainable
actions tend to apply eco-design, with focus on where the environmental factor is of
strategic relevance. The benefits of this action are acquired by reducing the
environmental impact and expenses during the product’'s life cycle. Environmental
weighting must be considered throughout the product’s use phase in order to improve
its energetic capacity and extend its lifespan (Kamble et al., 2021).

The government’s actions to favor sustainability are dedicated basically to recycling
and reuse of products, therefore, waste disposal is in the last stage of linear processes.
However, the attention of researchers, organizations and governments is directed to
the system of circular economy (Kamble et al, 2021). Moreover, applied literature
reveals that there is demand in the introduction and conception of the life cycle for
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fabrication, providing the discovery of solutions for processing models and for more
effective energy use (Morales-Mendoza et al., 2018).

It is visible that sustainability has acquired a prominent place in regards to debates
about natural resources and energy sources, the connection between the environment
and humans and between economic evolution and global ecology. This way,
preservation and a better selection of the theme of materials is the solution for
scarcity of natural resources, which aims to identify potential impacts that
organizations make and to know how to monitor them through effective management;
thereby, we will give conditions so that future generations can also utilize these same
materials; this being the principle of sustainable development (de Melo et al., 2022).

The technique which associates the themes of eco-design and Life Cycle Assessment
(LCA) aims at quantitative analysis and advancing product sustainability in the process
stages. A set of procedures is applied during the productive processes, aiming to
quantify the life cycle’'s inventory that is being structured. It identifies the impacts
generated in each stage of the productive processes, and thus, it becomes possible to
monitor the most adverse impacts through the product development (Santolaya et al.,
2019).

Studies present coherence relating sustainability and tools, in which both topics can be
applied together, having favorable impact on the operations (Farias et al., 2019). Due
to issues regarding environmental impact, companies have done modifications in their
activities in order to comply with legal requirements, and so, be able to meet
consumer demands for sustainable products (Kaswan; Rathi, 2019).

Researches show that tools, such as the LCA, help to favor eco-design, obtaining
changes in management and improvement opportunities assessments (Pereira et al.,
2020). Furthermore, eco-design aims to find equality between environmental,
economical, technical and social matters, evaluating and selecting elements from the
products (Chun et al., 2018).

This tool aims to expand the effectiveness and determine ecological alternatives for
points related to operation requirements and investments, as for example, raw
material, water, energy and further outputs implied in production procedures, such as
waste water, solid waste and emissions (lfiarra et al., 2022). The objective of eco-
design is to reduce environmental impact during the product’s life cycle, increase its
use, and provide more life cycles through, for example, the sharing and reuse of
materials and energy (Aquiar et al., 2021).

Eco-design has the objective of improving environmental behavior through
environmental weighting in every phase of the execution of processes and products
(Kurdve; Hildenbrand; Jonsson, 2018). Based on the intention of reducing
environmental impacts produced by their business, many industries have employed
redesign in their procedures in order to become perennial in the market in which they
operate, and so, become sustainable (Ramos et al, 2018). The same can be
elaborated with the help of softwares (tools and methods), for example, those
regarding the principle of life cycle of the process and/or product (Manzardo et al.,
2021). The tools are used as support to analyze raw material reduction and map the
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processes in which occurs elevated consumption of materials, water and energy, and
so identify which activities cause more impacts (Fresner; Krenn, 2018).

This paper aims to identify and analyze the relation between the themes of
sustainability and eco-design in productive processes, connecting them with
environmental management tools.

2. MATERIAL AND METHODS

Aiming to make a critical analysis about the addressed topics and to answer the
research questions: “What relation exists between the topics of sustainability and eco-
design in productive processes?” and “Which environmental management tools are
related to these topics?”, a Systematic Literature Review (SLR) was made. Known as
an important research model, SLR seeks to contribute to establishing and elaborating
practices supported by fundamentals, helping in the identification of gaps, consensus
and problematics, and aiding the researcher to make new discoveries (Brizola; Fantin,
2016).

Therefore, this study has the objective to assess articles that have been developed
about the topics: sustainability and eco-design in industrial production processes;
identifying the most used environmental management tools. To better organize the
research data, the methodology was organized in the following stages:

» Stage 1 - Identifying the research bases: The chosen journal databases were
Scopus, Science Direct and Web of Science, due to their good conceptualization
in the academic field and their volume of published articles associated with the
research topics.

» Stage 2 - Research period: The research was made in February of 2023; being
considered only documents published in the years of 2010 through 2022, since
before this timeframe the quantity of articles on this topic is scarce.

» Stage 3 - Criteria for choosing search terms: In the article search were used the
keywords “Tools”, “Eco-design”, “Sustainability” and “Production process”. In the
search field was used “Article title”, “Abstract” and “Keywords”, utilizing the
Boolean operator AND. The type of selected document was “Article”. Table 1
shows the documents found in the searched databases.

The criterion for the search of articles is related to the keywords, in which it was
sought to extract documents pertinent to sustainability and productive processes. 13
articles in the Scopus database were found, 296 articles in the Science Direct base and
1 article in the Web of Science base, totaling 310 articles. In the Science Direct base
more documents were found, since it searches for sought words throughout the whole
text.

In order to organize the found data in the SLR and systematize the study, the meta-
analysis methodology PRISMA was used (Galvao; Pansani; Harrad, 2015). Through this
method it was possible to make the quantitative treatment of the documents,
performing a flowchart with four stages. Figure 1 presents a graphic summarizing the
developed stages in the sorting of analyzed articles.
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Table 1 - Number of documents found in the databases.

Databases (journal) Keyword Results

Scopus ecatainabiiy" and “eco-design’ 13

Web of Science "production process" and "tools" and 1

"sustainability" and "eco-design"

Font: authors.

After selecting the articles for the research, the repeated documents were excluded, to
the others can later have their titles and abstracts read in order to verify if they were
related to the research objective. Lastly, a complete reading of the articles was made,
analyzing which of them answered the study’s questions, thus coming to the final
number of sixteen articles.

Figure 1 - Quantitative analysis of the PRISMA model of research.
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The VOSviewer software was used in the qualitative analysis of the documents. This
stage considered 310 documents found in the search performed in the databases.
VOSviewer is a tool that aims to create maps based on previously treated data,
assisting the researcher to analyze a determined topic. It also allows to identify the
authors who publish the most in the field and their quantity of studies over the years
(Van Eck; Waltman, 2011). For this, the following sequence was used:

1) Identification of articles about the topic in the Scopus, Science Direct and
Web of Science databases, already excluding duplicate documents, resulting in

a total of 309 articles.
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2) Grouping the terms based on found data, unifying similar ones and keywords
in plural, as for example: “eco-design” and “ecodesign”; and “environmental
impact” and “environmental impacts”.

3) Definition of methodology: to choose the occurrence of words, the counting
was defined to be made three times in order to better observe the graphic in
the software.

4) To visualize the results, two graphics were generated, in which the first one
shows the clusters through the occurrence of keywords and the second shows
which words are being studied more per period.

3. RESULTS AND DISCUSSION

3.1. SEARCH FOR ARTICLES IN THE JOURNALS

A total of 310 articles were found in the Scopus, Science Direct and Web of Science
databases, encompassing about 1.016 authors and co-authors. Figure 2 shows the
papers’ publications in the last thirteen years, taking into account the period between
2010 and 2022.

Figure 2 - Quantity of publications in the Scopus,
Science Direct and Web of Science databases per period.
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The period of 2010 and 2011 were the first years when there was a considerable
quantity of studies on the research topic, totalizing 24 articles. In the timeframe of
2012 through 2013 it is observed that there was a publication increase from 14 to 24
articles, meaning a 71,43 % increase from a year to the next. During the time between
2014 to 2015 it is possible to verify that there was an increase in the publication
quantity of articles from 18 to 32 in the addressed topic, representing in this time
interval 77,77 % of more published works. In the period of 2016 through 2017 it is
noted that the publication number about the topic is practically maintained, from 26 to
24 articles. In the timeframe between 2018 and 2019 it can be observed that a
reduction in documents published occurred from 34 to 19, representing 44,12% less
publications from a year to the next. And lastly, in the period from 2020 to 2022 it is
initially noticed that the publication number was stable, with 26 publications in 2020
and 27 in 2021, ending with an increase of quantity in 2022 with 40 articles published,
this being the year with the most published studies about the related topic.

3.2. ANALYSIS IN THE VOSVIEWER SOFTWARE

Every article found in the journal databases were analyzed in the VOSviewer software
in order to verify recurrence of words at least three times, and so generate clusters
with the most quoted words in the selected documents for the study (Figure 3).

Figure 3 - Clusters generated through recurrence of words.
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As it can be verified in Figure 3, through the selected articles four clusters of greater
relevance were generated, those being: sustainability, eco-design, LCA and circular
economy. These topics are directly related as they seek to discuss improvement in
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sustainability, whether in the production and management of a product, service or
system.

The red cluster demonstrates the use of environmental impact assessment, in which it
is sought energetic efficiency, reducing its consumption in processes of sustainable
product manufacturing, through raw material recycling. The green cluster
demonstrates the use of environmental management to have better decision-making
in procedures regarding environmental aspects through a green supply chain, thus
improving its environmental performance in products. The dark blue cluster brings us
to the present topic, that is the circular economy, in which the objective is to bring
sustainable innovation through reuse within production processes, seeking maximum
efficiency of available resources.

The yellow cluster illustrates the search for the ecological footprint in processes, in
which an environmental risk assessment is carried out to obtain a decision support
system, aiming to practice sustainability within the organization. The purple cluster
brings the theme of sustainable design into the process, through the development of
sustainable products from the project to its final phase, putting into practice the
intensification of processes, and thus innovating its sustainable systems. The light
blue cluster presents the use of the LCA tool in construction industries, with the aim of
reducing the environmental impact generated, through reduction of carbon use in its
procedures, avoiding environmental pollution.

The orange cluster showcases innovation in the development of green products, using
mainly the matter of recycling, in search of sustainability in production processes. The
brown cluster brings sustainable development of processes related to industry 4.0,
which aims to create sustainable products, achieving this through changing product
design in pursuit of sustainability. The pink cluster illustrates the concerns that
companies have with corporate social responsibility, and to achieve this improvement,
cleaner production and eco-design are being applied in their processes and products in
favor of environmental sustainability.

By prioritizing sustainability in the processes, it is possible to think about aspects of
eco-design and product life cycle, observing environmental impacts at all stages of
production. LCA makes the creation of a database possible, which can facilitate
decision-making, leading companies to obtain environmental, economic and social
advantages, mainly related to recycling materials and reduction of raw material use
(Bonoli; Zanni; Serrano-Bernardo, 2021).

Figure 4 highlights the evolution of the topics over the vyears, enabling the
identification of the most current topics that are being discussed and published.
Through this research it can be observed that the most current topics are circular
economy. The circular economy is employed for material reuse in production
processes, increasing products’ lifespan, aiming to reduce or eliminate waste,
generating economic advantages for the company (Ghisellini; Ripa; Ulgiati, 2018).

Other topics such as industry 4.0, sustainable products and environmental
sustainability have also been mentioned recently, although still infrequently.
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Figure 4 - Relevancy of words by period.
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3.3. ANALYSIS OF DOCUMENTS BASED ON THE SELECTED

From the analysis carried out on the selected documents using the PRISMA
methodology, 16 were validated as eligible. They were analyzed and discussed with
the purpose of understanding the relationships between the topics of sustainability
and eco-design in production processes. Table 2 highlights the title, objective, authors
and year of publication of the chosen documents.

Table 2 - Articles selected for research discussion.

Title Objective Author/Date
Redesign of a component Identify how eco-design is applied in the redesign
based on eco-design practices: of a footwear item to reduce environmental (Borchardt et al.,

environmental impact and cost impact and at the same time minimize production 2011)
reduction achievements costs.

Eco-design maturity model: a
management framework to
support eco-design
implementation into

Present an eco-design implementation model
based on the development of a company's
products, aiming to suit practices and improving

(Pigosso;
Rozenfeld;
Mcaloone, 2013)

. . processes.
manufacturing companies
Key elements for implementing . oo rate key elements for the successful (Hallstedt;
a strategic sustainability . . . - .
erspective in the product implementation of a sustainability strategy in the Thompson;
persp P early stages of the product innovation process. Lindahl, 2013)

innovation process
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Eco-design for Production
Plants

Develop a methodology for the development of
energy-efficient production plants, with the
objective of minimizing energy consumption and
carbon dioxide emissions.

(Stoffels; Vielhaber,
2014)

Empirical study on integration
of environmental aspects into
product development:
processes, requirements and
the use of tools in vehicle
manufacturing companies in
Sweden

Obtain insights into how Design for Environment
(DfE) is organized at four vehicle manufacturing
companies in Sweden, indicating the processes of
identification and integration of environmental
aspects in product development, the type of
environmental requirements considered and the
use of different types of DfE tools.

(Poulikidou;
Bj€0rklund;
Tyskeng, 2014)

Success factors for
environmentally sustainable
product innovation: a
systematic literature review

Aggregate existing research and findings from
various studies on innovation of environmentally
sustainable product through published literature
on the topic, and identify critical factors for
success that drive the increase of product
innovation developed in this new logic of
production and consumption.

(de Medeiros;
Ribeiro; Cortimiglia,
2014)

An approach to Sustainable
Product Lifecycle Management
(Green PLM)

Describe a perspective on the green product life
cycle involving the main phases: project,
manufacture and service, including usability and
renewal, suggesting a framework for sustainable
product development that takes into account its
entire life cycle.

(Vila et al., 2015)

Fostering selection of
sustainable manufacturing
technologies e a case study
involving product design,
supply chain and life cycle
performance

Compare a technology for manufacturing
thermoplastic sandwich structures with three-
dimensional contours with two technologies
commonly used to produce similar components
based on life cycle.

(Ribeiro et al.,
2016)

Integration of environmental
aspects into R&D inter-
organizational projects
management: application of a
life cycle-based method to the
development of innovative
windows

Analyze the structure of a project of solar energy
harvesting with multifunctional glass polymer
windows, which aimed to design innovative smart
windows with glazing and frames composed of
glass and polymer, with the objective of
identifying strong and weak points for the
integration of environmental and LCA aspects.

(Baldassarri et al.,
2016)

Review of eco-design methods
and tools. Barriers and
strategies for an effective
implementation in industrial
companies

Carry out a new literature review on the main
eco-design methods and tools published in the
literature in the last twenty years, seeking to

understand the main obstacles that limit their real

and effective implementation in industrial
companies.

(Rossi; Germani;
Zamagni, 2016)

Measuring the implementation
of eco-design management
practices: A review and
consolidation of process-
oriented performance
indicators

Provide organizations with a set of process-
oriented indicators to support and enhance eco-
design implementation and management.

(Rodrigues; Pigosso;
Mcaloone, 2017)
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Improving sustainability Develop a new checklist for Sustainable Product
performance in early phases of Development (CSPD) with the collaboration of
product design: A checklist for designers and engineers to overcome the (Sch€0ggl;
sustainable product disadvantages of tools used in eco-design. Baumgartner;
development tested in the Hofer, 2017)

automotive industry

Obtaining improved products throughout their
production stage through the application of a
methodology, which consists of three distinct
phases: sustainability assessment; product
redesign; and comparing designs.

A practical methodology to
project the design of more
sustainable products in the
production stage

(Santolaya et al.,
2019)

Smart circular product design  Explore the relationship between lean eco-design
strategies towards eco- and 14.0 strategies to design eco-efficient

; . . . Dahmani et al.,
effective production systems: products based on a literature review. (

L 2021
A lean eco-design industry 4.0 021)
framework
Achieving sustainable Understanding the computer, communications
industrial ecosystems by and consumer electronics industries in Taiwan can (Suppipat; Hu,

design: A study of the ICT and move from a business as usual model to a more 2022)
electronics industry in Taiwan  sustainable business through design.

Sustainability Failure Mode and Demonstrate that the FMEA is being increasingly  (Von Ahsen;
Effects Analysis - A systematic modified in order to additionally align company Petruschke; Frick,
literature review decisions with ecological and social criteria. 2022)

Font: authors.

The study of Borchardt et al. (2011) has its main focus on eco-design, with the
purpose of verifying the redesign of products in the footwear sector, analyzing the
advantages and benefits related to the economic and environmental aspects of the
company. The company investigated had a history of environmental concern, focused
on developing innovative products and wanted to reduce costs in the production
process. As a result of having employed eco-design and management system in its
processes, the company managed to obtain economic gains of around 10%, and even
so, it managed to reduce the use of raw materials and non-recycled materials. And in
addition, it eliminated all use of toxic materials in the process.

The article Pigosso, Rozenfeld and Mcaloone (2013) emphasizes that, through the
management and implementation of eco-design along with the use of tools such as
PDCA and BPM (Business Process Management), it is possible to improve processes. In
order to obtain better environmental gains, it is preferable to think about eco-design
practices already in the product development phase, providing greater organization for
the subsequent phases of the process. Thus enhancing environmental performance
and reducing environmental impacts in the life cycle of products, always seeking
continuous improvement in the procedures. The study highlights that there are issues
that can be better explored such as: culture, hierarchy, organizational structure and
company financial issues, since these aspects can influence the implementation of
eco-design.

In Hallstedt, Thompson and Lindahl (2013) interviews were made in six companies
with the purpose of improving their sustainable strategic developments, which were
was carried out in four stages: search for favorable points to implement sustainability
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and innovation strategies in company processes; verify challenges with the aim of
producing the right products; carry out the production process correctly; and identify
the methods and tools. Based on the assessment of the environmental impact of
products, the study orients decision-making in their development stage, showing how
to use the results obtained in the interviews in your process in search of more
sustainable products, thus having an advantage over its competitors.

According to Stoffels and Vielhaber (2014), this study, through the use of tools, verifies
the energy consumption of production. Eco-design was used with the objective of
reducing the environmental consequences in the life cycle of goods. Through redesign
it was possible to develop more ecological products that affect less the environment,
using LCA aiming to compare the goods in the process and know what causes the
most environmental impacts. By analyzing the inputs and outputs and increasing the
energetic efficiency of the production plant, it is possible to reduce energy
consumption. This research shows that the production plant can be viewed as a
product which, seen as a whole, generates less possible environmental impacts, being
able to use renewable energy. It was concluded that layout changes improve the
quality of life cycles.

The study of Poulikidou, Bjorklund and Tyskeng (2014) was made in car factories in
Sweden, concerning the environment and the final cost of the product. Data collection
was carried out through interviews, in a qualitative way, with the objective of
obtaining more effective projects related to the environment. From the companies in
which the research was carried out, two demonstrated environmental requirements
that should be followed; one stipulates environmental goals included in their planning,
and the last one debates environmental improvements aiming to implement in the
process. Based on this, it was possible to identify the importance of requirement
implementations in the beginning of the planning. As a result, it was verified that the
vehicle manufacturers have the objective of reducing environmental impacts,
especially in the operation stage of the product, using tools such as Failure Mode and
Effect Analysis (FMEA) and LCA, and obtaining useful suggestions for those in charge
of companies, providing basic information about the items to be considered.

In de Medeiros, Ribeiro and Cortimiglia (2014) the issue of environmental responsibility
in companies is discussed, unraveling that there are organizations that analyze the
market first to know the acceptance or rejection of sustainable goods, and those which
are concerned with the environmental aspect regardless of the market, because this
matter becomes a competitive differential in relation to competitors. In Brazil, one of
the difficulties to implement sustainable products is data collection, which is often not
done in a proper way. Consumers play an essential role in the sustainability of
companies, because they are the ones who select brands and the developed products,
helping to build an ever-growing sustainable market. And industries have an important
role in sustainability, in which they must maintain a culture, proactivity and
management tied to environmental aspects for the success of sustainable
development.

The article from Vila et al. (2015) addresses the life cycle of a green regarding the
phases of the project, fabrication/service, usability and renewal. It is suggested a
model which points the stages of a product’'s life cycle, demonstrating the use of
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methods, tools and knowledge aiming to achieve sustainability. The procedures
utilized are managed through eco-design, thus increasing efficiency in product
production and a sustainable life cycle. The use of management tools of a product’s
life cycle is evident, tools which contribute to the organization of processes and stages
of the cycle.

According to Ribeiro et al. (2016), the objective of this study was the fabrication of
more sustainable bicycle frames, in which the LCA method was used, aiming to
analyze technical, economic and environmental results, providing decision-making
through indicators. It was possible to observe several parameters of the life cycle of
the products, for example, production volume, cycle duration and labor cost. By
reducing energy and material consumption, it was possible to carry out an
environmental assessment, reducing impacts and enabling the reuse of 20% of
materials. It was concluded that by redesigning the dimensions of the product it was
possible to generate greater environmental and economic gains instead of consuming
first-use materials.

Baldassarri et al. (2016), deals with environmental weighting in the design of
innovative windows. In this project the LCEA tool was developed, which is used to
execute an environmental assessment of life cycle. Five objectives were defined using
the tool in the production of innovative windows: minimizing weight, increasing
rigidity, attending environmental requirements, reducing stress and verifying the
fabrication capacity. Based on this, a bespoke window design was developed, with the
aim of reducing environmental impacts, since it possesses a smaller quantity of
material, but with higher thermal capacity. In conclusion, this bespoke window design
model met all the proposed objectives, satisfying environmental requirements during
production, use phase and end of life.

In Rossi, Germani and Zamagni (2016), it is demonstrated tools applied to eco-design
in industries through LCA, quantifying the environmental performances of the life cycle
of products and processes. Several studies show that through the selection of
materials it is possible to reduce environmental impacts, and that the use of eco-
design enhances the items, thus making the company become more economically and
environmentally competitive. To improve sustainability in companies, recovery and
recycling are widely used, as well as the reduction of energy consumption. Through
the application of eco-design, it is possible to face some obstacles, such as the time to
apply the tools, the availability of financial resources, the application of the best tool,
the amount of products and people committed to the environment.

According to Rodrigues, Pigosso and Mcaloone (2017), this research deals with the
importance of eco-design, with the objective of improving sustainability in companies.
In order to do this, indicators of eco-design management were used, which should
reach the parameter of three or more specialists to evaluate them positively. The
indicator is a form of managing the way sustainability is carried out, and not just the
final result. By measuring the performance of processes, it is possible to achieve
sustainable performance through continuous monitoring, and so, it is of paramount
importance that companies develop environmental policies. Regarding sustainability,
eco-design can measure, monitor and improve the procedures and product, and in this
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way, companies can check their capabilities, determining what to keep and what to
improve.

In Schéggl, Baumgartner and Hofer (2017), study, through the use of eco-design it was
possible to bring a sustainable perspective in the development of items in the
automotive sector. In order to collect data in the chosen company, research and
workshops were carried out, and the LCA tool was used, with the aim of creating more
sustainable products. A checklist for creating sustainable products was created, which
resulted in exchange of information among the company’s departments, encouraging
the active participation of everyone in the making of the product. This way, it was
possible to verify in a more forceful way the possible lack of sustainable aspects in the
many production stages, especially in regard to decision-making at the beginning of
the process.

In Santolaya et al. (2019), a quantitative methodology was used, that unites eco-
design with information about sustainability of the item’s life cycle in its fabrication.
This research carried out a production inventory defining inputs and outputs, reaching
indicators with the objective of measuring the sustainability of the process - in which it
was pointed out the greatest impacts - and so putting eco-design in practice. The
redesign of the product considered impact elements regarding sustainability. The
article analyzes items such as use of energy, waste generation and production cost,
thus making not only environmental benefits, but economic ones too. Aiming to reduce
production of waste and increasing production, changes occurred in the choice of raw
materials. With this study it was possible to reduce the use of energy in 51% and the
loss of raw material in 13,2% after the redesign of the process, thus obtaining a lesser
environmental impact.

According to Dahmani et al. (2022) it is demonstrated how eco-design has been
stimulating companies to enhance their environmental performance, mainly reusing
and recycling products in its process, giving it focus on sustainability. With its use, it
becomes possible to reduce waste, increase product life cycle, reduce the use of raw
material and energy, bringing long-term economic and sustainable benefits to the
organization. It is important to emphasize that for the implementation of eco-design,
suppliers and customers of the company must be involved, and so having success in
its application.

According to Suppipat and Hu (2022), a survey was carried out with the twelve
companies judged as the most ecological in the electronics area of Taiwan. The usage
of eco-design collaborates with the reduction of environmental impact and in
economic items of production. The tools adopted in the procedure with the objective of
increasing sustainability fit in three groups: those for thinking of life cycle; those for
thinking of design; and those of business models. Tools of the first group, such as LCA,
are utilized for evaluation. Those of the second group aim to discover problems in the
process and thus generate possibilities for innovation. The third group of tools are
applied to the company’s business, social and sustainability matters. This research
enables companies to be aware of the life cycle of products, saving energy and
reducing the use of materials by the means of recycling and reuse, and thus reducing
waste generated.
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In the article of Von Ahsen, Petruschke and Frick (2022), it is discussed how the FMEA
tool can be used for sustainable development in products and procedures. This tool is
easy to comprehend and execute, as it is widely applied in quality issues, thus making
its adaptation can facilitate its insertion in sustainability. It is already used for the
matter of sustainability in car manufacturers, because of ecological factors about
emissions resulting from its process. Furthermore, the tool can be employed in any
type of industry, generating environmental benefits, and being able to be analyzed in
particular. A great advantage of FMEA is that it can be applied along with LCA in order
to assess environmental risks of products, thus emphasizing that the tool can be used
in issues related to sustainability management.

Table 3 shows the relation between eco-design and, highlighting which tools were used
and the sustainable impact obtained in the articles.

Table 3 - Relation between eco-design and sustainability in the articles.

Relation between eco-design and sustainability

Author/Date

Tools/Techniques

Sustainable Impact

(Borchardt et al.,, 2011) Eco-design » Cost reduction
+ * Reduction of non-recyclable materials
Management systems * Raw material reduction

(Pigosso; Rozenfeld; PDCA cycle * Improvements in processes

Mcaloone, 2013) + * Reduction in environmental impacts in the
Eco-design life cycle of products
+ * Environmental gain
BPM (Business process
management)

(Hallstedt; Thompson;
Lindahl, 2013)

Environmental Impact
Assessment (EIA)

+

Life Cycle Analysis

+

» Development of more sustainable products
* Improvements in processes

Inovation
(Stoffels; Vielhaber, Eco-design * Reduction in environmental impacts in the
2014) + life cycle of products

Life Cycle Analysis
+
Layout changes

* Reduction of energy consumption

(Poulikidou; Bjorklund;
Tyskeng, 2014)

Life Cycle Analysis
+

FMEA (Failure Mode and Effect

Analysis)

* Reduction of environmental impacts
* Improvements in the life cycle of products

(De Medeiros; Ribeiro;
Cortimiglia, 2014)

No tools

* Implementation of sustainable products
» Material recycling
* Improvements in the lifespan of products

(Vila et al., 2015)

Life Cycle Analysis

+

PLM (Product Lifecycle
Management)

+ Eco-design

 Effectiveness in production of more
sustainable products
» Organization of processes
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(Ribeiro et al., 2016)

Life Cycle Analysis
+

* Assistance in decision-making
* Reduction in energy and material use

Indicators * Environmental and economic gain
(Baldassarri et al., Inovation * Reduction of environmental impacts
2016) + * Reduction of raw material

LCEA
(Rossi; Germani; Eco-design * Reduction of energy consumption
Zamagni, 2016) + * Adoption of material recovery and recycling

Life Cycle Analysis

practices

(Rodrigues; Pigosso; Eco-design * Improvement of processes

Mcaloone, 2017) + * Measuring and monitoring of sustainable
Indicators products
+

Continuous monitoring

(Schéggl; Baumgartner; Eco-design
Hofer, 2017) +
Life Cycle Analysis

* Identification of failures in decision-making
* Identification of lack of sustainable aspects in
the productive process

(Santolaya et al., 2019) Life Cycle Analysis * Reduction of energy consumption

+ * Reduction of waste generation
Inventory * Reduction of production cost
+ * Reduction of raw material use
Definition of inputs and

outputs

(Dahmani et al., 2022) Eco-design * Reduction of wastes in the process
* Increase of product’s life cycle
* Reduction of raw material and energy use

* Involvement of suppliers and customers

(Suppipat; Hu, 2022) Life Cycle Analysis * Energy saving

+ * Reduction of natural resources use
Design * Recycling and reuse of materials
+ * Reduction of waste generation

Business Model

(Von Ahsen; Petruschke; FMEA
Frick, 2022) +
Life Cycle Analysis

* Improvement of sustainability of products
* Improvement of processes

Font: authors.

Based on the articles studied, it is possible to verify that tools and techniques applied
to the production process are very important to improve the sustainability of the
company, thereby reducing environmental impacts. Eco-design is also of great
importance for the processes and the products’ sustainability, in which it is identified
their possible failures and gains, in order to make improvements.

The use of the LCA is more applied in the environmental management area, for being
able to identify and evaluate environmental impacts, through the inventories carried
out. Another important point is that it can be used together with other tools, not only
in the environmental area, but in other ones as well. With this, it is possible to raise
the standards for sustainability, reducing the impacts generated in the production
process and in addition, it is possible to improve the layout of the organization,
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reducing failures and waste and achieving economic, social and environmental gains
for all the interested parties.

It is noted in the articles studied for this research the scarcity of the use of action
plans related to sustainability in companies, this is due to the fact that most industries
focus on an economic objective first and then on the environmental factor. With the
use of the action plan aimed at making decisions related to sustainability and eco-
design of the process, it is possible to manage tasks that need to be improved in the
company, thus obtaining a good economic results.

4. CONCLUSIONS

Some companies have been using the sustainability issue as differentiation advertising
in the market, trying to attract customers to more sustainable products, and so
making their processes more efficient and generating less impact on society and the
environment. From this research, it was found that the use of eco-design associated
with sustainability brings results such as: reduction of waste in the process, reduction
in the use of raw materials and energy, process improvement, measurement and
monitoring of sustainable products and cost reduction.

Through this study, it was observed that the application of tools in the production
process in search of sustainability in companies generates not only environmental
benefits, but also social, economic and governance ones. The tools that are most used
in production processes related to sustainability and eco-design according to the
research are: PDCA cycle, Business Process Management, Life Cycle Assessment,
Failure Modes and Effects Analysis and Business Model.

It is also evident that through the use of LCA and eco-design it is possible to improve
the lifespan of goods cycle, making them more sustainable. This happens by reducing
the use of raw materials, reducing waste generation and mainly reducing energy
consumption, both in the production of a new product and in the recycling of
materials. Another important point is that it was possible to visualize existing
improvement opportunities within the process, thereby avoiding waste and
consequently reducing the company's environmental impacts.

It is important to point out that there are many materials and theoretical references for
the application of tools in processes, which aim for a path towards full sustainability,
and that many have already been applied with positive results regarding
environmental, social, economic and governance issues. Through the qualification and
development of teams, it becomes possible to improve topics such as: sustainability,
eco-design, management tools and production process. In this way, organizations
generate added value for themselves and their image that will be perceived by their
customers, which will differentiate them in relation to their competitors, as they are
increasingly paving a road of no return for the EESG (Economic, Environmental, Social
and Governance), that must be improved by everyone.
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