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ABSTRACT

Concern for the environment and the future of the next generations has been increasing in
recent years, creating pressure for companies to adopt eco-innovation practices. The
construction sector is one of the most responsible sectors in the world for resource
consumption, waste production and greenhouse gas emissions. However, the adoption of
eco-innovation practices in this sector, especially in developing economies, such as Brazil,
remains little explored in the literature. Thus, the present study aims to propose a method
for the development of eco-innovations that are capable, throughout their life cycle, of
reducing the environmental impact in the sector. To respond to this objective, a Systematic
Review of the Literature was carried out through which it was possible to evaluate the state
of the art of eco-innovation in civil construction. Subsequently, a complementary review of
the literature was carried out to understand how similar development proposals are
constructed. With this information, a method was proposed and validated by three doctors
who are experts in the area. As a practical implication, the work presents a method
composed of five stages of proposed activities that, in a clear and didactic way, allows the
creation of a schedule to guide managers in the implementation and management of eco-
innovations in the Civil Construction sector. As a theoretical implication, the research aims
to advance scientific knowledge on how to implement, manage, and evaluate this type of
innovation, filling a gap in the existing literature.
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INTRODUCTION

For more than a decade, institutions such as the United Nations (UN) have
highlighted the impact of climate change on daily life and have influenced the development
of international public policies. The impacts of climate change are increasing in terms of
severity and reversal is becoming unlikely, driving a paradigm shift in environmental
conservation to facilitate inevitable transitions, particularly in more vulnerable areas
(Keppel et al., 2024), health impacts are increasing and intensifying with rising global
temperatures, necessitating urgent research to emphasize these issues scientifically,
politically and technically.

In recent years, the growing global concern with environmental issues, the strict
regulations arising from international conventions for sustainability and environmental
protection, and an increase in the number of pro-environmental consumers have led
industries to dedicate significant efforts to the development of sustainable practices. Until a
few years ago, however, the academic community paid little attention to the role of
organizations in protecting the environment (Albort-Morant et al., 2017).

In this way, and despite recent attempts by many researchers to understand and
explain the subject, the construct of eco-innovation (El) remains open to interpretation even
in relation to its most necessary aspects. aspects, including the definitions or types of
innovation, measurement, selection, and management. This ambiguity has led to a
significant escalation in the number of research papers, conference sessions, and
workshops on El around the world. Special issues focused on EI are beginning to appear in
academic books and scientific articles. The wide variety of studies contributes to the vitality
and richness of IE research, but also creates some confusion as to the meaning and
usefulness of the construct (Albort-Morant et al., 2017).

Eco innovation aims to improve the environmental performance of organizations by
decreasing or changing the consumption of natural resources and reducing negative
environmental impacts (Hermosilla et al., 2010), on the other hand Pan et al. (2020) define
eco innovation as, an important approach to solve current environmental problems, for
Hizarci-Payne et al. (2021) the term eco innovation has been used interchangeably with
green innovation and sustainable innovation and state that, Although eco-innovation is
considered a category of innovation, it mainly deals with environmental aspects. This article
uses the definition that was most repeated throughout the articles researched in the RSL,

given by Kemp & Pearson (2007) where, for the authors, El is defined by the development
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of a product, production process, service or business management methods new to the
company, which results, throughout its life cycle, in reducing environmental impact
compared to relevant alternatives.

As the sector to be studied in this research, civil construction was chosen because it
generates a significant contribution to the sustainable development of the global economy,
achieving development objectives, including job creation, redistribution, income generation
and production (Durdyev et al., 2017). The construction sector evidently has a strong
relationship with sustainable development in a triple result of: economic growth,
environmental impact and social progress (Durdyev et al., 2017). The look of sustainability
research more focused on industrial or technological sectors, placed the civil construction
sector on the margins of research, observing a lack of studies focusing on sustainability in
the sector, due to its specific characteristics that make it difficult to collect and generalize
data since each product is always different from each other, which makes it difficult to
produce more in-depth studies (Lopes Pérez et al., 2024).

However, its harmful effect on the environment should not be disregarded, and can
be exemplified by the production of 35-40% of CO2 emissions, consumption of 60% of the
raw materials produced, 25% of the total consumption of wood, 40% of the production of
solid waste, consumption of 40% of the total energy production and 16% of the use of
drinking water worldwide (Lépes Pérez et al., 2024).

This subject has been notably discussed over the past decade, as evidenced in
recent literature reviews (Lopes Pérez et al., 2024; Albort-Morant et al., 2017). Part of the
work focused on the barriers and drivers for the adoption of El (Dugonski & Tumelero,
2021; Abdullah et al., 2015; Pourvaziri et al., 2024; and another part, in the factors that
determine the success of ECE (Kesidou & Demirel, 2012; Garcia-Granero et al., 2020).
There is a need in the literature for a methodological approach to guide the process of
selecting and evaluating eco-innovations in companies (Hizarci-Payne et al., 2021).

This article is derived from a doctoral thesis under development by the author
Vinicius Rodrigues Silva Pires — Universidade Nove de Julho (UNINOVE), Sdo Paulo with
a sandwich period at the Instituto Superior de Economia e Gestéo (ISEG), Lisbon,
supervised by Professor Claudia Brito Silva Cirani (UNINOVE) and Co-supervised by
Professor Graga Maria de Oliveira Miranda Silva (ISEG) with a defense scheduled for the
year 2025, develops a methodological framework to support the process of selection,

implementation and evaluation of ECE from a theoretical proposal using the roadmap, a

REVISTA ARACE, Sio José dos Pinhais, v.7, n.5, p.28327-28355, 2025

- 28329



*

Revista

ARACE

valuable tool for organizations, as it provides guidance to progress from one level to
another in the pursuit of specific objectives, resulting in a clear and objective roadmap that
can guide managers (Veile et al., 2019). This tool was chosen because it is frequently
used in research in the civil construction sector such as: Pires 2021; Jiang et al., 2024
Singh etal., 2023 and Budayan & Okudan 2022, for the development of the method and
thus help companies achieve their Sustainable Development Goals (SDGs).

With the result of the Systematic Review of the Literature, it was noted the lack of
research on how ECE can be managed in the context of civil construction, thus arising the
following research question: How should eco-innovations in the civil construction sector be
selected, managed and evaluated? With the general objective of developing a method to
implement eco innovations in the civil construction sector and as specific objectives: to
synthesize the existing notes in the literature on the barriers and drivers of the
implementation of eco innovations, focusing on practices and challenges identified and to
develop a method that guides civil construction managers in the implementation,
management and evaluation of eco innovations.

This study is justified due to the gradual increase in the importance of ECE in
business, especially in a sector as impactful as civil construction (Jiang et al., 2024), in the
face of scarcity of resources and misallocation of waste generated in the sector (Singh et
al., 2023). Although the academic community has been focusing on innovation for many
years (Schumpeter, 1957; Drucker, 1987; Christensen, 1997), studies on eco-innovations
still need to be further developed (Rennings, 2000; Kemp & Pearson, 2007).

Based on the Sustainable Development Goals, the research is justified in its items:

e - 8 which discusses the promotion of inclusive and sustainable economic

growth, full and productive employment and decent work for all where the
improvement in the efficiency of the Civil Construction sector is directly linked to
this achievement.

e - 11 which discusses making cities and human settlements inclusive, safe,

resilient and sustainable directly linked to the development of more sustainable
infrastructure, which is the responsibility of the sector studied.
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THEORETICAL FRAMEWORK

Silva et al. (2006) present innovation as a differential, expansion and customer
loyalty, in addition to having the potential to increase profitability, the authors also mention
that those who innovate faster obtain competitive advantages.

Barbieri & Simantob (2007) point out that for companies to contribute to
sustainability, innovating is essential, establishing new modes of production compatible
with a sustainable extraction of natural resources.

The concept of sustainable performance is defined as the combination of the
economic, social and environmental performance of companies (Chardine-Baumann &
Botta-Genoulaz, 2014). Economic performance is related to the optimization of a
company's financial and economic prospects. Social performance refers to the
consequences of the company's efforts in managing reputation, social image, and
customer relationships (Liu et al., 2023). Social performance is also measured through
indicators such as improvement in employee safety and health, improvement in community
quality of life, improvement in working conditions (Afum et al., 2021; Abdul- Rashid et al.,
2017). Finally, environmental performance addresses an organization's ability to reduce the
impact of its activities on the environment. This includes the reduction of solid waste and
pollution, unsafe materials, and environmental accidents (Singh & Chakraborty, 2021; Afum
et al., 2020).

The company's capacity for innovation determines its ability to adopt environmental
practices in management and operational processes (Juarez & Vergara, 2021). Empirical
evidence shows that this company's capacity for innovation is crucial to maintaining
competitive advantage and influences the company's performance (Juarez & Vergara,
2021).

Innovation and design are two words that must go together when we talk about one
of the main drivers of business success (Scarpellini et al., 2020). Innovations become eco-
innovations, also known as green innovations, sustainable innovations, and environmental
innovations (Hizarci-Payne et al., 2020), when they are inspired by an important concept in
this area: ecodesign. According to Garcia-Sanchez et al. (2020), ecodesign is the
development and commercialization of technologies, products, and services aimed at
mitigating the impact they may cause to the environment.

Hand in hand with ecodesign, we find eco-innovation, a concept that has been

discussed numerous times throughout the existing literature and which consists of the use
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of techniques, processes, systems and products in order to reduce or avoid damage and
impacts on the environment (Vence & Pereira, 2018), combining innovation with
sustainability, resulting in new products or processes (Fussler & James, 1996). The term
"eco-innovation" came into use in the mid-1990s, however, this key concept has gained
more interest in the last two decades (Hizarci-Payne et al., 2020).

Eco-innovation has a higher level of complexity compared to other types of
innovations (Perl-Vorbach et al., 2014). They are motivated by different factors and face the
problem of double externality, where involuntary spillovers of knowledge reduce the
incentives of firms to invest in eco-innovations (Rennings, 2000).

Eco-innovation aims to improve the environmental performance of organizations by
decreasing or changing the consumption of natural resources and reducing negative
environmental impacts (Hermosilla et al., 2010). Professional academics see eco-
innovation as an important element in the transition to a more sustainable future (Del Rio et
al., 2015).

The term eco innovation has been used interchangeably with green innovation and
sustainable innovation (Hizarci-Payne et al., 2021). Although eco-innovation is considered
a category of innovation, it mainly deals with environmental aspects, making changes
oriented to the environment, products, services, and marketing strategies (Hizarci-Payne et
al., 2021).

Globally, the building construction sector accounts for approximately 50% of the
demand for cement and 30% for steel. These factors show the importance of extending the
useful life of buildings and replacing their inputs with materials with lower embodied carbon
content (GSRBC, 2023).

Civil construction is responsible for the consumption of 12% of the total fresh water
on the planet, and the cement industry is responsible for 40% of all waste generated in
cities, being one of the most polluting in the world and, according to (Usén et. al., 2011),
60% of the raw materials extracted are used by the sector.

Despite its importance, it is not seen by the consumer as an innovative sector of the
economy (Ferreira & Thedfilo, 2006), it has specific characteristics that hinder the
generation, implementation and management of innovation, such as unique outputs, in
addition to having a complex relationship with the production chain depending on other
companies and other sectors, in addition to its products having a long useful life (Vergna,
2007).
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Strategies to make buildings net-zero energy and zero-carbon are a key part of the
global decarbonization strategy and must become the primary way of constructing
buildings in all economies to achieve net-zero emissions by 2050 (GSRBC, 2023).

Global trends such as urbanization, demographic and climate change create a
growing demand for housing that meets the needs of current and future societies. The
housing sector faces major challenges, such as 3 billion people who will need access to
adequate housing by 2030, a doubling of the world's population aged 60 and over by 2050
(WHO, 2015) and the more frequent occurrence of extreme weather events associated
with climate change (GSRBC, 2023).

Investing in good quality and affordable social housing can significantly improve the
overall health of society. Inadequate housing costs EU economies almost €194 billion a
year in terms of healthcare, social costs and lost productivity. It is estimated that bringing
the housing standard to an acceptable level across Europe will cost around 295 billion
Euros. This implies that the investment can be repaid in just 18 months (GSRBC, 2023).

Global material use is projected to more than double by 2060, and materials used in
the construction sector will account for a third of this increase. CO2 emissions will also
increase as a result of the use of materials Wilts et al. (2013), which increasingly drives
eco-innovations in the sector.

Sustainable building practices were emphasized to start in the planning phase and
continue after the completion of a construction project. The implementation of green
practices in the construction industry can be influenced by factors such as demographics,
culture, norms, and government policies and may vary between regions and countries
(Karji et al., 2020).

Most of the current literature on green practices focuses on developed countries,
highlighting the need to pay more attention to the case of developing countries Zaidi et al.
(2019) since, the excessive rate of construction in developing countries leads to various
sustainable construction management problems, resulting in environmental and ecological
problems (Chang et al., 2016).

Initially, approaches to sustainable construction were more concerned with technical
issues (resource efficiency and reducing the environmental impacts of construction) than
with the economic and social aspects of sustainability. The basics of sustainability are still
in their infancy. For example, in developed countries, efforts are focused on using

resources efficiently while reducing environmental impact, while developing countries have
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a lower degree of achievement (i.e., the lack of energy codes for buildings), which makes
the adoption process challenging (Chang et al., 2016).

In addition, it was discovered that a common problem among stakeholders, the lack
of knowledge about sustainability, where, surprisingly, the construction sector was
considered the least informed. Various sustainability assessment tools and methods have
been introduced, especially by advanced countries and some developing countries, to
assess the sustainability of ventures (Wang & Kim, 2015).

For the construction of the model proposed by this article, the roadmap structure
was chosen because it is a flexible technique widely used in the industry to support
strategic and long-term planning. The approach provides a structured (and often graphic)
means to explore and communicate the relationships between markets, evolving and
developing products, and technologies over time. The roadmap can help companies
survive in turbulent environments by providing a focus for scanning the environment and a
means of tracking the performance of individual technologies, including potentially
innovative and disruptive technologies. Technology roadmaps are seemingly simple in
terms of format, but their development poses significant challenges. In particular, the scope
is generally broad, encompassing a range of complex conceptual and human interactions
(Phaal, 2004).

The roadmap is complex and constantly evolving, it is a process that involves many
parameters at the same time. For example, it should be related to the company's interests
and limitations and government rules, to scientific or technical needs, and to current public
requests (Viola et al., 2020).

Being a set of activities aimed at identifying and selecting technologies, mission
concepts, and organizational capabilities according to specific strategic plans, from the
definition of a set of goals to be achieved, the process identifies the critical requirements of
the system, the product to be achieved, the process to be developed and the technological

alternatives to achieve the goals, being thus chosen in this research (Viola et al. 2020).

METHODOLOGY

To synthesize the existing knowledge about the barriers and drivers that lead
companies to adopt eco-innovations and to discover the research gaps that could be
worked on, an RSL can be defined as a process whose objective is, through basic and

reproductive methods, to identify, evaluate and summarize primary studies related to a
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specific topic (Cerchione & Esposito, 2016). This review method is useful for compiling
research efforts on emerging topics in addition to identifying challenges for future studies
(Potrich et al., 2019).

The string The search engine was formed from the keywords: "Eco Innovation
barriers and drivers" and their synonyms, aiming to cover as many possibilities as possible,
since, by restricting the keywords to the specific sector of the research, not enough results

were found for analysis, Chart 1 describes the research protocol applied.

Chart 1 - RSL Research Protocol

Research Protocol Description
Databases Scopus and Web of Science
Publication type Articles
Languages English
Period There was no restriction regarding the period
Search field Title, abstract and keywords (Scopus) and topic (Web of Science)
Search term In the Scopus database 267 documents

("eco-innovations" OR "sustainable innovations" OR "ecological
innovations" OR "Green innovations") AND ("drivers" OR "motivating
factors" OR "impetuses") OR ("barriers" OR "obstacles" OR
"challenges") AND
("companies" OR "construction industry" OR "civil engineering" OR
"building sector")

Limiting filters:
Areas: Business, Management and Accounting; Environmental Science
and Social Science
Document Type: Article;
Publication stage: Final;
Language: English and Portuguese.

Search term In the Web of Science database 225 documents
("eco-innovations" OR "sustainable innovations" OR "ecological
innovations" OR "Green innovations") AND
("drivers" OR "motivating factors" OR "impetuses") OR ("barriers" OR
"obstacles" OR "challenges") AND ("companies" OR "construction
industry" OR "civil engineering" OR "building sector")

Limiting filters:
Categories: Management, Environmental science, Construction building
technology and Green Sustainable Science Technology;
Document Type: Article;
Language: English and Portuguese.
Inclusion criteria Empirical and theoretical articles, in English, field of study in private and
public capital companies, articles that evaluate eco-innovations in
general in companies as well as articles that evaluated their barriers and
drivers of driving and articles that used quantitative, qualitative and
mixed methods.
Exclusion criteria Articles that mistakenly use the term eco-innovations, or that discuss
eco-innovations in other contexts of application that differ from the
research question of this study, articles that discuss sustainability
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practices and not eco-innovations, book chapters, articles published in a
language other than English.
Source: Prepared by the author (2024).

The search resulted in 1,145 articles, of which 458 were obtained from the Scopus
database and 687 from the Web of Science database. The filters described in table 1 were
applied to the raw results found, resulting in 492 articles that were listed in Excel, the
repeated articles were excluded, allowing a first filtering by reading titles and abstracts. By
the filtering processes demonstrated, 935 studies were cut, leaving 210 studies selected to
contribute to the research in development.

We began by searching for the original and complete texts of the 210 articles for the
reading of abstracts and keywords in order to eliminate studies that:

e - Were not peer-reviewed

e - The content diverged from the research of this RSL, such as studies that did

not contain the barriers or drivers for eco-innovations as well as studies that
used the term as sustainability practices.

This process of prior reading of the studies discarded 168 articles, resulting in 42
studies, after each filtering phase according to the recommendations of the PRISMA
protocol (Page et al., 2020).

For the second stage of the research, the definition of the expected results and the
objectives that the solution should present, a complementary literature review was carried
out focusing on models already proposed similar to the objective of the article, evaluating
their scope, their form of construction as well as their effectiveness.

For the complementary review, the search string was formed from the keywords:
"Eco Innovation, models, framework and roadmap" and their synonyms, with the objective
of finding proposed models with the same or similar themes, which can guide the
construction of the proposed model, chart 2 demonstrates the protocol followed, similar to
that of the RSL.

Chart 2 - Research Protocol of the Complementary Review of the literature

Research Protocol Description
Databases Scopus and Web of Science
Publication type Articles
Languages English
Period There was no restriction regarding the period
Search field Title, abstract and keywords (Scopus) and topic (Web of Science)
Search term In the Scopus database 167 documents
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("eco-innovations" OR "sustainable innovations" OR "ecological
innovations" OR "Green innovations") AND ("model" OR "framework"
OR "roadmap")

AND ("companies" OR "construction industry” OR "civil engineering" OR
"building sector")

Limiting filters:
Areas: Business, Management and Accounting; Environmental Science
and Social Science
Document Type: Article;
Publication stage: Final,
Language: English.

Search term In the Web of Science database 135 documents
("eco-innovations" OR "sustainable innovations" OR "ecological
innovations" OR "Green innovations") AND ("model" OR "framework"
OR "roadmap")
AND ("companies" OR "construction industry" OR "civil engineering" OR
"building sector")

Limiting filters:
Categories: Management, Environmental science, Construction building
technology and Green Sustainable Science Technology;
Document Type: Article;
Language: English and Portuguese.
Inclusion criteria Empirical and theoretical articles, in English, field of study in private and
public capital companies, articles that contained proposals for models for
the implementation and development of innovations and eco-
innovations.
Exclusion criteria Articles that mistakenly use the term eco-innovations, or that discuss
eco-innovations in other contexts of application that differ from the
research question of this study, and articles in languages other than
English.
Source: Prepared by the author (2024).

The search resulted in 302 articles, 167 of which were obtained from the Scopus
database and 135 from the Web of Science database. The filters described in table 2 were
applied to the raw results found, resulting in 84 articles that were listed in Excel, repeated
articles were excluded, which then allowed filtering by reading titles and abstracts, at this
stage another 50 articles were discarded because they did not present similar
characteristics with the research proposal.

The original and complete texts of the remaining 34 articles were found for full
reading, in order to identify and eliminate studies in which the content diverged from the
research, such as studies that did not propose the development of new models for
selection, implementation or management.

This process of complete reading of the studies discarded another 24 articles,
resulting in 10 studies, which were used as a complementary reference for the

development of the model proposed by the article.
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The third stage of the project involved the planning and development of the artifact,
the planning took place in four stages where, step one corresponded to the choice of the
tool that would be used, step two the organization and treatment of the data for inclusion in
the tool, step three the definition of the scope and way in which the tool would be
presented, by observing the existing tools presented and in step four the development of

the model as in figure 1.

Figure 1 - Model construction

Definition of
scope and
presentation
mode

Organization
and processing
of data

Model

Choosing the

tool to be used

development

Source: Prepared by the author (2024).

In step one, the choice of the roadmap as a tool to be used was for some reasons,
such as the author's experience with the tool already used in the development of other
projects, familiarity of the target sector with the tool, since sectoral publications such as
CBIC (2022) present this tool to managers, academic publications focused on the topic
such as Pires 2021; Jiang et al. 2024; Singh etal., 2023 and Budayan & Okudan 2022 and
no less important, the fact that the roadmap is a clear and objective tool because it
presents a graphical approach, presents the information in a logical way and provides ease
of management of the objective by managers (Phaal, 2004).

In the second stage of the artifact development process, the data were organized
and treated, taking into account the result of the RSL, the data resulting from the research
were selected according to the company's possibilities of action, where the barriers
considered were: Organizational Capabilities, Demand, Information, Financial Resources
and Human Resources, and Public Policies were excluded, since, The company has no
control over this. As drivers: Relationships, Organizational Direction and Demands,
excluding Government Incentives and Financial Advantages, one outside the company's
control and the other a result of work.

The strengths of the use of the tool found in the RCL were added, described in the
results, such as: logical organization of the data collected and clarity and simplification of

the demonstration of the objectives to be achieved.
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Concomitantly with the results of the bibliographic research, the premises of the tool
were also taken into account for the construction of the article's roadmap proposal . For
Phaal (2004), the roadmap should contain an overview of the project, a schedule, steps to
be followed, means of evaluations throughout the process, in addition to demonstrating the
necessary resources and stakeholders, and it also needs to be flexible, so that it can be
changed if new demands arise throughout the process.

In the third stage, to define the scope and mode of presentation, the models
exposed in the Complementary Literature Review were taken into account, their positive
points and limitations were discussed, where a sequential method was proposed, with
verification steps along the way, which could encompass as much as possible what was
generated in the bibliographic research and was in accordance with the trend of the
literature exposed in the RSL and RCL.

In the fourth step, the model was generated using a free online tool, Lucidchart, to
draw the roadmap presented in the results.

For its presentation, the generated roadmap went through a checklist to check if it
contained the results of RCL's RSL as well as if it met the premises of a roadmap found in
the literature, thus being described in detail in the results. At the end of the previous stage,
the proposed model and its description were sent to three PhDs who are specialists in the
area and involved with the research, by e-mail, with a request for them to evaluate the
positive points, the limitations, as well as suggestions for possible improvements, which

were promptly incorporated into the model.

RESULTS

The articles that made up the RSL were published between 2010 and 2024, when
analyzing the sample, it is noted that the 42 studies were published in 24 different journals.
Where the journal Sustainability with an impact factor of 3.9 concentrates the majority, with
seven publications, closely followed by the Journal of Cleaner Production with an impact
factor of 11.1 and 6 publications.

The data were extracted based on the literature review and its concepts presented,
some topics were selected to answer the proposed research question, and the following

matrix was created in chart 3.
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Chart 3 - Data extraction matrix
Topic Description
Goals Focused on identifying the real objective of
the study and how much it could contribute to
the answer of the research question
Method It was sought to know which methods are
used to develop research in the area to
support the method that would be used
Barriers to eco-innovation The information present in the studies that
discussed the difficulties faced by companies
for the development and adoption of eco-
innovations was extracted
Drivers for eco-innovation By reading the articles, information regarding
the issues that somehow encouraged and
boosted eco-innovations was separated
Conclusion What was concluded from the study
Reference APA citation of papers
Source: Prepared by the author (2024).

The first data extraction process was carried out based on the complete reading of
the articles, which allowed, following the data matrix presented in Chart 3, to collect the

necessary information to answer the RSL research question.

Table 4 - Barriers to eco-innovations
Barriers pointed out Authors

Organizational capabilities Cristiny et al., (2022), Triguero et al., (2022), Xavier et
al., (2020), Aguilar-Fernandez & Otegi-Olaso (2018),
Amankwah-Amoah (2024), Garcia-Granero et al.,

(2020), Baran (2021), Haggmark & Elofsson (2022)

Demand Pourvaziri et al., (2022), Lopes et al., (2022), Ociepa-
Kubicka & Pachura (2017), Kesidou & Demirel (2012),

Anttonen et al., (2013), Urbaniec (2015)
Information Abdullah et al., (2015), Triguero et al., (2022), Wilts et
al., (2013), Garcia-Granero et al., (2020), Saunila et
al,, (2018), Baran (2021)
Public Policies Zhang & Yin (2023), Cristiny et al., (2022), Abdullah et
al., (2015), Pourvaziri et al., (2022)

Financial Resources Martinez-Martinez et al., (2023), Cristiny et al., (2022),
Abdullah et al., (2015), Pourvaziri et al., (2022), Feng
et al., (2024), Ociepa-Kubicka & Pachura (2017),
Hazarika & Zhang (2019), Aghion et al., (2009),
Aguilar-Fernandez & Otegi-Olaso (2018), Saunila et
al., (2018), Passaro et al., (2023), Haggmark &
Elofsson (2022), Sperotto & Tartaruga (2021), Schéfer
et al., (2024), Rodriguez-Rebés et al., (2024)
Human resources Martinez-Martinez et al., (2023), Rodriguez-Rebés et
al., (2021), Sperotto & Tartaruga (2021), Rodriguez-
Rebés et al., (2024)
Source: Prepared by the author (2024).

In the same way that the barriers to eco-innovation were extracted from the articles,

the same occurred with the drivers, which were grouped into topics: Relationships;
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Government incentives; Organizational direction; Demands and Financial Advantages, in

addition to highlighting the authors who discuss each of them, which can be seen in Chart

5.

Table 5 - Drivers of eco-innovations
Drivers pointed out Authors
Relationships Martinez-Martinez et al., (2023), Cristiny et al., (2022), Triguero

et al., (2022), Fernandes et al., (2022), Rodriguez-Rebés et al.,
(2021), Rodriguez-Rebés et al., (2024)

Government Incentives Zhang & Yin (2023), Cristiny et al., (2022), Triguero et al.,
(2022), Fernandes et al., (2022), Roman et al., (2021),
Hazarika & Zhang (2019), Barforoush et al., (2021), Rodriguez-
Rebés et al., (2021), Amankwah-Amoah (2024), Kesidou &
Demirel (2012), Baran (2021), Qi et al., (2010), Hojnik &
Ruzzier (2016), Anttonen et al., (2013), Hojnik & Ruzzier (2016)

Organizational direction Zhang & Yin (2023), Cristiny et al., (2022), Fernandes et al.,
(2022), Roméan et al., (2021) Xavier et al., (2020), Lugmani et
al., (2017), Aghion et al. (2009), Garcia-Granero et al. (2020),
Qi et al., (2010), Rodriguez-Rebés et al., (2024), Urbaniec
(2015), Peters et al., (2024)

Demands Cristiny et al., (2022), Fernandes et al., (2022), Roman et al.,
(2021), Barforoush et al., (2021), Rodriguez-Rebés et al.,
(2021), Amankwah-Amoah (2024), Garcia-Granero et al.,
(2020), Kesidou & Demirel (2012), Saunila et al., (2018),
Passaro et al., (2023), Urbaniec (2015)
Financial advantages Aguilar-Fernandez & Otegi-Olaso (2018), Barforoush et al.,
(2021), Fang & Lv (2023), Saunila et al., (2018), Baran (2021),
Haggmark & Elofsson (2022), Hojnik & Ruzzier (2016),
Sperotto & Tartaruga (2021), Anttonen et al., (2013)
Source: Prepared by the author (2024).

The articles that made up the Complementary Literature Review (RCL) were
published between 2016 and 2024, with a predominance for the year 2022, with three
articles. The data collected sought to identify the way in which the roadmaps were built
over time, their positive points and their limitations, aiming to help the construction of the
proposed model.

When analyzing the sample, it is noted that the 10 selected studies were published
in eight different journals. Where the journal Sustainability concentrates the majority, with
three publications, indicating its importance in the segment, being highlighted in the two
literature reviews, it is also noted that in the RCL the presence of journals such as
Business Strategy and the Environment and the Journal of Business Logistics stand out

with impact factors of 12.5 and 11.2, respectively.
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The data were extracted following the RSL pattern through a table created in Excel,
some topics were selected to answer the question proposed for this sample, and the

following matrix was then created, shown in chart 6.

Chart 6 - Data extraction matrix

Topic Description
Goals Focused on identifying the actual purpose of
the study
Method It was sought to know which methods are
used to develop the proposed roadmaps
Problems solved The information present in the studies that

discussed the problems that were solved with
the proposed roadmaps was extracted
Article limitations When reading the articles, the information
regarding the limitations that the authors
themselves pointed out in their research was

separated
Conclusion What was concluded from the study
Reference APA citation of papers

Source: Prepared by the author (2024).

The data extraction process was carried out based on the complete reading of the
articles, which allowed, following the data matrix presented in Chart 6, to collect the
necessary information to complement the RSL and allow the proposition of the model, then
the selected models will be detailed.

After describing the main characteristics of the methods proposed in the articles, the
specificities of each one were left aside because they are other contexts that are not part of
the objective of the RCL. The most relevant questions were then selected so that they can
incorporate the research proposal, positive factors and the limitations pointed out by the
authors.

As positive factors, we can highlight that the presence of a graphic model that
clearly incorporates the objectives and directions of the proposal was a relevant factor, as
cited by Cenk & Okudan (2022) and Polas et al. (2022).

Another factor pointed out in the research is the simplicity of the proposed method,
since its common presentation is in graphic mode, simplicity allows the model to be well
understood, which facilitates its acceptance as well as its application by interested parties,
whether they are companies or government sectors, as expressed in the work of Polas et
al. (2022).

Limiting factors were selected in the articles, which allowed us to understand the

challenges to be overcome by the present research. Among them is the regionality of the
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sample, for Cenk & Okudan (2022) and Polas et al. (2022), with a sample selected based
on only one region, the model may present difficulties in adhering to different contexts,
different cultures, and in different sectors.

The complexity of the proposal was cited by Street (2016), demonstrating that the
more complex the roadmap presented, the greater the difficulty of implementing it, to
overcome this difficulty in his research, a parallel group was created to assist in the
implementation of the roadmap.

Another limiting factor pointed out by the authors lies in very generic structures that
end up not taking into account the specificities of the sectors or locations Remi et al.
(2020), causing the result of the research to end up becoming insufficient, Villegas et al.
(2022) suggest that for this purpose, other studies should be carried out to complement the
research, which may point out, for example, other factors to include in the roadmap.

As a last limiting and no less important factor, Hsu et al. (2024) present difficulties in
evaluating the roadmaps generated, either due to lack of practical application in case
studies, as they point out, or because the proposal is very recent and has not given time for

the development of more research in the sector, as in the case of Industry 5.0.

MODEL PRESENTATION
The construction of the model is summarized in Table 1, which presents the

premises reached through the literature review and that were used in the proposition of the

model:
Table 1 - Assumptions for the construction of the roadmap
Origins Resulting notes for the construction of the model
Roadmap Overview of the project, including the timeline, stages to be
followed, points of evaluations, resources needed, and stakeholders
, and is flexible.
Systematic Review of Barriers: Organizational Capabilities, Demand, Information,
the Financial Resources, and Human Resources.
Literature Drivers: Relationships, Organizational Direction and Demands.
Revision Positive points: Logical organization of the data, presence of a
Complementary to graphic model, simplicity of the proposed method, sectoral

Literature coverage.

Limitations: Very generic structures, difficulties in evaluation,
restrictions of the sample evaluated.
Source: Prepared by the author (2024).
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Figure 2 - Proposed model

STAGE 1
DIRECTION

Are the resources in line
with the goals?

STAGE 2
RESOURCES

Are the partnerships in
line with the goals?

STAGE 3
RELATIONSHIPS

Are there viable
options given the goals and
resources?

STAGE 4
INFORMATIONS

No

Did
eco-innovation generate the
expected result?

STAGE 5
ADOPTION

Source: Prepared by the author (2024).

The model proposal was built with a graphical demonstration, presenting stages of
development and evaluation points following the premises of the Phaal roadmap (2004).
This proposal has five stages, following the way of construction of the models presented by
authors found during the RCL such as: Cenk & Okudan (2022), Reim et al. (2020),
Ghobakhloo et al. (2021), Villegas et al. (2022), Hsu et al. (2024) and Richey Jr et al.
(2023). According to these authors, the presentation of the roadmap in stages allows for a
better implementation flow, better manageability, greater clarity in information and ease of

control of the time dedicated to each stage.
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The logical organization of the data collected in both the RSL and the RCL was
divided into five stages that include the results obtained throughout the two stages of
bibliographic research, stage 1 — Direction, stage 2 — Resources, stage 3 — Relationships,
stage 4 — Information and stage 5 — Adoption.

Stage 1 was developed based on the arguments of Roman et al. 2021 and Urbaniec
(2015). For these authors, the desire to innovate in a sustainable way, when incorporated
into the company's guidelines in its strategic planning, tends to motivate the organization in
general in the search for new sustainable solutions. Thus, the first step of stage 1 is the
inclusion of the sustainable development goals (SDGs) in the company's strategic
planning.

For Garcia-Granero et al., 2020 and Qi et al., 2010, a strong corporate culture in
relation to the environment and managerial concern, based on the personal values and
beliefs of the company's leaders about the importance of environmental protection, are
relevant factors for the organization's members to be encouraged to develop new
sustainable ideas, in addition to, facilitate the incorporation of new sustainable procedures
into their routines. Based on these premises, it was proposed that the second step of stage
1 be the prioritization of sustainable decisions.

With the first two steps of stage 1 completed, a report is then produced with the
company's SDGs, this document allows the manager to obtain enough data so that he can
then plan stage 2 of the roadmap.

Stage 2 occurs when, in possession of the SDGs, the company makes available the
necessary resources to achieve the stated objectives, Triguero et al. 2022, state that the
company's transition to more sustainable practices, especially with regard to the
reconfiguration of products and processes to incorporate eco innovations, requires
resources so that they can be realized. Amankwah-Amoah (2024) and Garcia-Granero et
al. (2020) point to the need for strategic planning of human resources to direct the proper
management of the process, as well as the company's material resources, whether space
or equipment, for example, in addition to financial resources to pay for the research,
purchase and implementation of eco-innovations in the company. Based on this
bibliographic finding, stage 2 was constructed, so that the company pays attention to the
availability and evaluation of the necessary resources. The objective is to find out if the

resources made available have the capacity to meet the SDGs. With a positive conclusion,
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the company moves on to stage 3, with a negative conclusion, the company returns to
stage 2 to provide the necessary resources for the adoption of eco-innovations.

In stage 3, with the necessary resources available, the company begins to develop
its relationships, a priori in three different areas presented by the proposal: research
institutions, suppliers and customers. Fernandes et al. (2022) expose that the relationship
with research institutions such as universities has the power to foster the development of
eco-innovations by sharing resources. For Cristiny et al. (2022), the relationship between
companies, from the early stages of product or service development, is recognized as a
driver of eco-innovations. For Martinez-Martinez et al. (2023), active engagement with
customers and attention to their expectations is a strategy for fostering eco-innovations,
since knowing the demand facilitates the process.

After the establishment of the partnerships, the roadmap proposes another moment
of reflection for managers, in which the partnerships developed must be evaluated as to
their ability to contribute to the SDGs, if the answer is positive, the company moves to
stage 4 if the answer is negative, the company resumes the development of partnerships.

In stage 4 is when, after the establishment of partnerships, information is collected,
Abdullah et al. (2015) and Baran (2021) point out that the lack of information on the
benefits of using eco innovations contributes to their low adoption, since the literature
points to the difficulty in accessing this information. In addition, the lack of knowledge and
understanding about the possibilities of eco-innovations also hinders their adoption (Wilts
et al., 2013). Stage 4 was therefore proposed, so that the company, through its
partnerships, seeks from customers the real demand for its projects, from the government
the real legal needs for the adoption of sustainable practices and the possible benefits
generated by this adoption in the sector, and from its suppliers and educational institutions
the possibilities of eco-innovative products or processes that may be adopted, thus
generating a report with these possibilities for the evaluation of managers.

If the solutions reached in the survey are feasible and in line with the company's
SDGs, it moves on to the fifth and final stage. If the solutions, for any reason, do not meet
the SDGs or it is not possible to adopt them, the company returns to the research step.

In stage 5, the last stage of the proposal, the company based on the possibilities
report chooses, acquires and implements the selected eco-innovation. After this process,
the eco-innovation is monitored and evaluated to find out whether or not it is meeting the

company's SDGs, if it does not, the company returns to stage 1 choosing another eco-
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innovation proposal, if it does, a report is generated containing the results of the adoption
of eco-innovation, its positive points and possible limitations, a report that returns to feed

the company's SDGs.

FINAL CONSIDERATIONS

The low number of publications that deal directly with the civil construction sector is
a counterintuitive finding if the impact of the sector is taken into account. Scientific research
discusses in many articles and reviews a diversity of barriers and drivers, which were thus
grouped and presented in the RSL, to later be incorporated into the proposed method.

With the RCL it is possible to understand how the literature built and presented
solutions close to the research problem, having then been synthesized its positive and
negative points that contributed as premises for the development of the method proposed
in this article.

With the presentation and description of the proposed model based on the results of
the RSL, RCL and the premises of the roadmap , it is understood that the research
question of the work has been answered satisfactorily, having been delivered as an answer
a method that encompasses the findings in the literature and capable of helping managers

to better and more safely manage eco-innovations in their corporations.

LIMITATIONS OF RESEARCH AND FUTURE STUDIES

On the assumption that this study did not focus on gray literature, which in some
way, can present complementary information with the possibility of contributing to the
understanding of eco-innovations in civil construction. This limitation may inspire further
research or further research.

The proposed method was developed in a theoretical way based on the
bibliographic research that was carried out throughout this work, it is suggested for future
research that the method can be tested and evaluated in the practical context of

companies.
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