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ABSTRACT

Purpose - To analyze the evolution of Environmental, Social and Governance (ESG) and innovation
in the civil construction industry, focusing on innovative and sustainable practices, as well as ways of
measuring the level of construction companies in these themes.

Design/methodology/approach - A Systematic Literature Review approach was used. The Web of
Science and Elsevier Scopus Databases, from 2017 to 2022, were used for data collection, based on a
set of keywords and Boolean operators (“sustainable development” & “framework” & “measurement”
& “environment”). Using the Zotero Software, 488 papers were classified and organized according to
the publication date, main content, proposals for sustainable and innovative tools and techniques. The
papers were analyzed in the VOSviewer Software.

Findings - There is an Asian predominance in the volume of publications and networks of strong
connections in clusters by countries. The authors tend to look for papers from the same region as a
reference, going against the concept of globalization of ESG and innovation themes and the condition
of replicability of practices. Among the exemplified practices, there are replicable models and initiatives,
as well as incipient innovative construction materials and methods in search of consolidation.
Originality/value - Amid the current and growing discussion about innovation and ESG in organizations,
it is noted that the civil construction sector still lacks better performances in these themes. This paper
aims to contribute to the advancement of the discussion in the sector, bringing together works found
in recent literature.

Keywords: Performance measurement; Civil construction; Socio-Environmental Governance (ESG);
Innovative and sustainable practices
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RESUMO

Objetivo - Analisar a evolu¢do dos temas de ambiental, social e governanca (ESG) e inova¢do na
industria da construcado civil, com foco em praticas inovadoras e sustentaveis, bem como formas de
mensurag¢do do nivel das construtoras nos temas.

Desenho/metodologia/abordagem - Utilizou-se uma abordagem de Revisao Sistematica da Literatura.
As bases de dados Web of Science e Elsevier Scopus, de 2017 a 2022, foram utilizadas para coleta de
dados, combase no conjunto de palavras-chave e operadores booleanos (“desenvolvimento sustentavel”
& “framework” & “medicao” & “ambiente”). Foram classificados 488 artigos, descritos quanto a data
de publicacdo, conteudo principal, propostas de ferramentas e técnicas sustentaveis e inovadoras. O
Software Zotero foi utilizado para classificar e organizar as publicacbes, que posteriormente foram
analisadas no Software VOSviewer.

Resultados - Ha predominancia Asiatica no volume de publicacdes e redes de conexdes em clusters por
paises. Autores tendem a buscar artigos da mesma regiao como referéncia, ndo seguindo o conceito de
globalizacdo dos temas ESG e inovagdo e a condicdo de replicabilidade das praticas em outros paises
guanto as tematicas. Em meio as praticas exemplificadas, encontram-se modelos e iniciativas replicaveis,
além de materiais e métodos construtivos inovadores incipientes em busca de consolidacado.
Originalidade/valor - Em meio a discussdo atual e crescente sobre inovagdo e ESG nas organizagdes,
nota-se que o setor da construcdo civil ainda carece de melhores desempenhos nesses temas. Este
artigo visa contribuir para o avanco da discussdo no setor, reunindo trabalhos encontrados na literatura
recente.

Palavras-chave: Medicdo de desempenho; Construcao civil; Ambiental; social e governanca (ESG);
Praticas inovadoras e sustentaveis

1 INTRODUCTION

Civil construction companies are among the main drivers of global
development, contributing to the transformation and growth of cities, to the lives of
citizens who live from this sector and to the development of the economy through
the generation of jobs and income and the consumption of materials, energy,
water and raw materials (Gomes, 2018). In Brazil, the construction sector is quite
comprehensive. According to data from the 2019 Annual Survey of the Construction
Industry - (PAIC) (IBGE, 2019), 125,067 companies in the civil construction sector
employed just over 1.9 million people and had costs and expenses of approximately
USD 67 billion, of which USD 46 billion in incorporations, works, construction
services and building materials, and USD 21 billion in personnel expenses, such as

salaries, withdrawals and others.

Rev. Adm., UFSM, Santa Maria, v. 16, n. 4, e1, 2023



Cruz, P. L., AVILA, L. V., Dinis, M. A. P., & Baggio, D.K.| 3

However, due to the highly voluminous construction process, the civil
construction sector has the potential to have a great impact on the environment.
According to the World Bank's What a Waste 2.0 report (Kaza et al., 2018), in 2017,
approximately 2 billion tons of construction and demolition waste were generated
worldwide. In addition to this, the same report presents a projection that by 2050 this
number will reach 3.4 billion tons, which would represent an increase of 70%. Of this
high estimated volume, 31% comes from building construction, 46% from road and
bridge construction, and 23% from other types of construction (EPA, 2020). In Brazil,
the scenario is not so different. Brazilian cities generate 79 million tons per year of
Construction and Demolition Waste, mainly composed of mortar (63%) and concrete
and blocks (29%), given the predominance of construction standards in Brazil that
use concrete (ABRECON, 2015), with 92% of the total CDW being collected by certified
companies. However, only 60% of the material collected were disposed of in sanitary
landfills (ABRELPE, 2019).

In addition to the volume of CDW generated, the construction sector is one of the
human activities that generate most liquid and gaseous waste, and is also one of the
main consumers of raw materials, water and energy. According to Resende et al. (2021),
the high generation of both kinds of waste comes from renovation, demolition and lack
of efficient management in the sector. Regarding construction inputs, The American
organization US Green Building Council reports that civil construction currently
consumes 21% of all treated water on the planet, with 14% being the responsibility of
buildings (UNESCO, 2021). In Brazil, and according to the water thematic committee
of the Brazilian Council for Sustainable Construction (CBCS), 50% of the drinking
water supplied to urban areas is destined for civil construction, on average. Regarding
energy consumption, it is estimated that buildings are responsible for approximately
40% of global energy expenditure (Li et al., 2021). As a result of the aforementioned
factors, several authors agree that this sector is inherently connected to the topic of

sustainable development (e.g. Capaz & Nogueira, 2015; Gomes, 2018; Isik & Aladag,
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2016; Pacheco Jr., 2020; Resende et al., 2021; Ripardo, 2022; Sousa-Zomer & Miguel,
2018; Vieira, 2021; Zhou et al., 2020).

Thus, one of the main challenges of the civil construction industry is to keep
a constant growth, emphasizing its importance for the development of societies,
but consuming less material resources and generating less waste in its processes.
To achieve this challenge, as shown by Kneipp et al. (2017), two terms have gained
attention over the past decade: ESG and innovation. In this sense, the innovation
necessary for the growth of corporations must come from a perspective of sustainable
and social development.

The main objective of this paper is to analyze the evolution of the socio-
environmental governance (ESG) and innovation in the civil construction industry,
focusing on sustainable practices, from an environmental, social and governance
point of view, and ways of measuring the performance - mostly economic/financial
- of construction companies in these areas. Starting from this point, it is expected to
contribute to the advancement of the discussion on the subject, bringing together

recent works and analytical results on main publications, authors and journals.

2 ENVIRONMENTAL, SOCIAL AND GOVERNANCE AND INNOVATION
IN CIVIL CONSTRUCTION COMPANIES

According to Costa and Ferezin (2021, p.2), “in the 21st century, the simplistic
ideathatonlythe produced capital cansustainanorganizationisnolonger adequate.
At this moment, organizational communication finds its due place, showing aspects
that support important decisions for the growth of institutions”. In this scenario,
organizations have widely discussed the ESG concept, due to the exercise of citizen
awareness or what the literature defines as consciousness. The ESG encompasses
the criteria related to the Environment, Social and Governance of organizations
(Purvis et al., 2019; Alexandrino, 2020). ESG, used at a United Nations meeting in

2004, to discuss environmental issues and guidelines for solving problems, has
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become one of the main ones to address the 2" issue and has become intrinsic
to the concept of sustainable development in organizations and in society as a
whole (Gillan et al., 2021). Then, a decade later, in 2015, in agreement with the 193
nations present at the assembly, the UN launched the Sustainable Development
Goals, proposing the SDG 2030 agenda, with goals and indicators for each area
of development, so that all SDG could move towards a globalized sustainable
panorama (ONU, 2018d).

The constructionsectoris partof SDG 9 onindustry, innovation andinfrastructure
(UN, 2018a), but has secondary targets in SDG 6, drinking water and sanitation, SDG
11, sustainable cities and communities, and SDG 12, responsible consumption and
production (UN, 2018b, 2018c, 2018d). By achieving the SDGs related to the civil
construction sector, the construction companies will be able to respond not only to
the UN's global SDGs but also to their stakeholders, i.e., governments, shareholders,
customers, and society. In addition to the main point, that is contributing to the
preservation of the planet.

However, how to make investments in sustainability and innovation compatible
with financial performance that generates competitive advantage is not yet a
subject fully understood by corporations, especially for smaller companies with less
resourceful financial resources, according to Preston e O'Bannon (Alexandrino, 2020).
To fill this gap, either for society, for the preservation of the environment or for the
future of organizations, several studies were carried out in the last decade, describing
the relationship between innovative and sustainable practices with the performance
and performance of the civil construction industry (e.g. Ajayi et al., 2017; Alexandrino,
2020; Arruda Castro, 2016; Banihashemi et al., 2017; Chen et al., 2016; de Franco, 2020;
Eilers et al., 2016; Julison et al., 2017; Kavishe et al., 2019; Mangialardo et al., 2019; Oke
et al., 2019; Powmya et al., 2017; Xue et al., 2018).

Even so, itis observed that companies in the civil construction area, for the most

part, are in a slow process of evolution in terms of sustainability, compared to the
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speed with which the environment is degraded. Almeida Gil (2021) considers that the
actions of development and construction companies in Brazil are timid in the face of
the movement that companies from other sectors such as financial, banking, hospital,
and manufacturing industry play in the ESG context. According to this author, there is
space to be explored within the sustainable universe of constructions, but for that, the
construction industry needs to fight its own historical conservatism and reticence in

relation to structural changes that need to be implemented.

3 RELEVANT PUBLICATIONS ON ENVIRONMENTAL, SOCIAL AND
GOVERNANCE AND INNOVATION IN CIVIL CONSTRUCTION

In the study by Gonzalez-Caceres et al. (2019), an extensive review of eighteen
tools used for property renovation and retrofit for civil construction was carried
out, grouped into three categories: renovation assessment, financial assessment
and knowledge transfer. From this review, it can be concluded that development
and innovation in retrofitting tools benefit a wide range of stakeholders, including
researchers, organizations and even countries.

These authors concluded that the analyzed tools deliver improvements that
vary depending on the variables of each company. Only a few tools included cost and
payback time as variable to define the best energy efficiency strategy, while others had
more specific physical construction conditions, such as tightness or moisture problem
solving. Regarding the tools for financial assessment, it was observed that all of them
work as an online platform and that they assist organizations to collect information
for the database that allow simulations in specialized software. On the other hand,
knowledge transfer tools proved to be more complex, demanding more detailed
inputs, becoming more attractive to owners with greater knowledge of the subject,
but allowing achieving results that are more accurate.

Regarding the assessment of sustainable constructions, Yadegaridehkordi et

al. (2020) set out to research which were the most used criteria and, despite finding
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in the literature few studies on the use of green building assessment systems, they
selected, through a diffuse multicriterial decision approach, 6 criteria, 17 sub-
criteria and 54 sustainability indicators associated in the manufacture of green
buildings in Malaysia. The results showed that, in the index built by the authors,
energy efficiency and internal environmental quality were the most important
criteria, with the respective sub-criteria design and performance and lighting, visual
and acoustic comfort.

Regarding the economic performance of construction companies considered
sustainable, Onubi et al. (2020) carried out a study to verify whether the adoption of
green practices in construction projects in Nigeria influenced economic performance
through environmental performance. The study was based on sample research
through questionnaires answered by contractors responsible for 168 construction
projects. The questionnaires contained four parts, the first for collecting information
from the projects, the second questions about green practices at construction sites,
the third questions about environmental performance and the last about economic
performance. The results showed that the adoption of green practices directly at
the construction site helps contractors to have less costs with waste management,
litigation, energy consumption, among others, which will offset the cost of adopting
the practices.

During a study on the incorporation of ESG factors in decision-making
investments, Schumacher (2020) compares different approaches in the literature for
analyzing the relationship between environmental and social responsibility and the
financial performance of companies and concludes that the main difference between
research in the ESG area is the way of measuring sustainability. While older authors
focused on single sustainability criteria, such as measures of pollution or waste
generation (see Cohen et al., 1997; Konar & Cohen, 2001) 21st century literature such
as Galema et al. (2008) and Manescu (2011) consider a general sustainability screening,

considering corporate social responsibility classifications.
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Alexandrino (2020) presents another study relating indicators associated with
the topic with the economic-financial performance of organizations and infers that
ESG performance exerts a positive influence, both measured by indicators present
in accounting books, such as Return on Assets and Net Income, and by indicators
measured by the market, which evaluate companies from the point of view from the
point of view of foreign investors.

The common point of the organizational performance of builders, developers
and contractors, regardless of the degree of development of the country in which
they are located, is that it needs to be translated into financial performance (Garcia,
2017), one of the pillars of the Tripod of Sustainability. It is noted, in the publications
found, that the objectives of the authors, although different - improvement in the
level of service, optimization of deliveries, cost reduction, increase in efficiency, use
of collaborative management, valuation of the real estate market - converge to the
metric financial.

Giventhe above, this study aimsto analyze the evolution of socio-environmental
governance (ESG) and innovation in the construction industry, focusing on sustainable
practices and ways of measuring the performance of construction companies in

these areas.

4 METHODS

This work aimed to analyze the evolution of socio-environmental governance
(ESG) and innovation in the civil construction industry, focusing on sustainable
practices and ways of measuring the performance of construction companies in
these areas. The Systematic Literature Review was supported by the methodology
described in Figure 1, based on the steps proposed by Tranfield et al. (2003) and
Denyer & Tranfield (2009).
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Figure 1 - Steps and results of the Systematic Literature Review (SLR)
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The themes - Environmental, Social and Governance (ESG), Sustainability and
Innovation in civil construction - and databases - Web of Science (WoS) and Elsevier's
SCOPUS - chosen for the bibliographical research were defined. The keywords and
Boolean operators used to carry out the research were “sustainable development”
and framework and measurement and environment¥*.

In order to assess the volume of publications in the last decade, a first
baseline survey was carried out considering publications between 2012 and 2022
by authors from all over the world, with 3,255 publications being found. However,
with the aim of evaluating contemporary research with the greatest impact on the
civil construction sector, the same research was carried out considering only the last
5 years (the specific period from January 2017 to March 2022), which represented
64% of the research publications basis performed initially, that is, a total of 2,073
publications.

Publications from any country, in the construction sector, were accepted, which
presented the use of innovative and sustainable construction methods or materials,
as well as performance indicators related to innovation and sustainability factors.
After excluding publications that were duplicated in the databases, the total number
of remaining publications was 1,533.

The publications contained in the bibliography were studied and referenced
as they were considered relevant to the research objective. Subsequently, they were
sorted and filed into folders in Zotero by publication type.

All titles were analyzed using the content analysis method proposed by Bardin
(2011), seeking content related to specific sustainability themes in construction,
complemented with evidence, examples and discussing the general concept of
ESG and innovation topics. In cases of doubt or to confirm the selection made, the
abstracts and introduction or, in some cases, the entire papers were read. In this way,
1,278 publications not focusing on civil construction were excluded, such as those on

architecture, archaeology, biology, medicine, administration, hydrology, chemistry
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and other branches of industry, as well as publications focusing innovative practices
in other engineering areas, such as infrastructure, electrical, naval, mechanical,
automation and mining.

After finishing the classification of publications, considering inclusion and
exclusion criteria, 255 publications were selected and, from theses, searches were
carried out in the bibliographic references, according to the “snowball” methodology
proposed by Ridley (2008), where the publications considered relevant to the objective
of the Systematic Literature Review (SLR) were retrieved until reaching a theoretical
saturation point, when new references did notadd moreimportantand complementary
information, as recommended by Adams et al. (2006).

In this way, another 233 theoretical and empirical papers were included
in the bibliography, which were classified and filed in specific folders for each
factor, as was done with the previous base research. Thus, a qualified base of 488
publications was totaled.

Examples of ESG practices and innovation implemented in at least 80 countries
were found in the selected literature, from the point of view of different stakeholders:
governmentinstitutions,academiaandstudents, buildersand contractors, communities
affected and/or benefited, users of housing units and others.

To perform the qualification of the 488 publications included, during the content
analysis, an electronic spreadsheet was built to identify the main subject of each
publication. Thus, a separation of relevant subjects was carried out, about ESG and
innovation specifically in civil construction and preferably in the residential segment.
Likewise, the separation was carried out in the Zotero software, in order to assistin the
accuracy and agility of searches of reference texts for each subject.

The classification by main subjects of the publications, as shown in Table 1,
resulted in 11 different groups.

The VOSviewer software was used to build and visualize bibliometric networks

on the SLR. VOSviewer is a widely used software tool for bibliometric analysis and

Rev. Adm., UFSM, Santa Maria, v. 16, n. 4, e1, 2023



12 | Environmental, social and governance (ESG) and innovation in the construction sector: Systematic Literature

has dozens of analysis possibilities, as explained by van Eck & Waltman (2010). With
these analyses, the software assists in the understanding of important points of the
systematic review, such as: bibliographic coupling and arrangements of citations and

co-citations by author, by country, by journals, among others.

Table 1 - Publications on Environmental, Social and Governance practices and

innovation in civil construction, by subject (2017-2022)

Addressed topic n (%)

Sustainable construction methods 113 (23%)
Innovative and sustainable materials 89 (18%)
Environmentally and socially sustainable housing 71 (15%)
Financial performance of sustainable buildings 55 (11%)
Innovation in practice at works 38 (8%)
Sustainability assessment and measurement tools 28 (6%)
Building Information Modeling (BIM) 27 (6%)
Energy efficiency 20 (4%)
Social and environmental regulations in civil construction 18 (4%)
Recycling and waste reduction in works 16 (3%)
Sustainable renovation of community buildings 13 (3%)
Total publications 488

Source: elaborated by the authors

The technique of bibliometrics consists of measuring, statistically, the rates of
production and dissemination of knowledge about a certain subject or area (Guedes
& Borschiver, 2005). A good bibliometric analysis can help identify patterns of
collaboration between authors and measure the current coverage of publications on
a given subject, obtaining a global and specialized view of the literature (Bartz et al.,
2019). These techniques have also been used to identify the most productive authors
and journals in each area, in addition to finding paradigms in science that can be

challenged, or gaps to be filled. (Pereira et al., 2019)

Rev. Adm., UFSM, Santa Maria, v. 16, n. 4, e1, 2023



Cruz, P. L., AVILA, L. V., Dinis, M. A. P., & Baggio, D. K.| 13

5 RESULTS AND DISCUSSION

5.1 Bibliometric analysis

The first analysis carried out in terms of bibliometrics of publications was
the bibliographic coupling, consisting of measuring the relationship between two
publications based on the number of common references cited by both, as illustrated

in Figure 2.

Figure 2 - Bibliographic coupling of publications on Environmental, Social and

Governance practices, Sustainability and innovation in civil construction (2017-2022)
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Source: elaborated by the author with the VOSviewer Software from the WOS and SCOPUS databases

Figure 2 demonstrates relevant facts in aspects of bibliographic coupling. In
addition to the predominance of Asian authors (indicated by the colors purple, pink,
blue, orange and red), the networks of connections, represented by these clusters,
are very strong (deducible by the entanglement of connections between authors in
the graph) and grouped by countries and regions. The size of the bubbles in the graph

indicates the concentration of citations to a few authors from each country or region.
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Thus, itis clear that the authors, when carrying out studies, use publications
from the same region as references. This practice goes against the concept of
globalization of the proposed themes of ESG and innovation and the condition of
replicability of the practices.

The second analysis, as shown in Figure 3, shows the most cited authors

publishing in the scope of ESG and innovation in civil construction.

Figure 3 - Most cited authors in publications on Environmental, Social and Governance

practices, Sustainability and innovation in civil construction (2017-2022)
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Source: elaborated by the author with the VOSviewer Software from the WOS and SCOPUS databases

In Figure 3, it is also observed that the most cited authors’ publications on

Environmental, Social and Governance practices, Sustainability and innovation in civil
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construction are strongly grouped by countries and regions. The red, green and dark
blue clusters that represent, respectively, China and neighboring countries, the United
States and, finally, Eastern Europe and North Asia, indicate the countries that have
the most authors publishing. There is a significant concentration in the network of

connections, mainly within the red and green clusters.

Figure 4 - Most used keywords, per year, in publications on Environmental, Social and

Governance practices, Sustainability and innovation in civil construction (2017-2020)
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Afterwards, an analysis was carried out of the most used keywords per period
in the WoS and SCOPUS databases about ESG and innovation in civil construction. The
results are shown in Figure 4.

Observing Figure 4, we can see a mirrored position of the Web of Science (WoS) and
Elsevier's SCOPUS bases. At WoS, terms (in yellow) focused on technology, optimization
and decision-making processes, as well as consolidated themes cited longer ago (in purple
and blue), such as the environment, life cycle assessment, projects and strategies. In the
SCOPUS database, it is possible to identify which technical engineering and/or technology
terms are widely seen in the 2017 publications, while in the most recent publications
there is a greater use of terms such as climate condition and environmental problem

This mirroring of the most cited words, atfirst sight, could be considered as a divergence.
However, when analyzing the entire evolution of the discussion on innovation and sustainability
over the last decades, it is concluded that the journals that publish in each of these databases
are updating and evolving on the themes, making the discussion broad and comprehensive.

Figures 5 and 6 show the evolution of publications in the last 5 years in WoS and
SCOPUS databases, in addition to indicating which journals published the most during
the period inrelation to Environmental, Social and Governance practices, Sustainability

and innovation in civil construction.

Figure 5 - Distribution, per year, of publications on Environmental, Social and

Governance practices, Sustainability and innovation in civil construction (2017-2022)
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Source: elaborated by the author, based on the WOS and SCOPUS databases
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Figure 6 - Frequency, per journal, of publications on Environmental, Social and

Governance practices, Sustainability and innovation in civil construction (2017-2022)

Sustainability

Journal of Cleaner Production

Business Strategy and the Environment
Sustainable Development

Environmental Science and Pollution Research
International Journal of Sustainable Development
Corporate Social Resp. and Env. Management
Environmental Development and Sustainability
International Journal of Environmental Research
Journal of Envirommental Management

Other journals with 3 publications

Other journals with 2 publications

Other jownals with 1 publication

Science of the Total Environmental

Journal of Cleaner Production

Sustainability Switzerland

Resources Conservation and Recyeling

Journal of Physics Conference Series

I0P Conference Series: Earth and Env. Science
Ecological Indicators

International Journal of Environmental Research
Business Strategy and the Environment

Energy Procedia

Environmental Science and Pollution Research
Other journals with 3 publications

Other journals with 2 publications

Other jownals with 1 publication

WoS

SCOPUS

I 11.0%
I .0%

M 31%

B 23%

B 1.9%

] 1.0%

B 15%

I 15%

I 15%

I 1.5%

B 23%
I 16.8%
I, 46.6%%

I 10.0%
I 9.5%
B 7.0%

B 23%

B 23%

B 20%

B 1.8%

B 1.8%

I 1.4%

I 1.1%

I 11%

B s.5%
I 12.0%
I 41.0%

Source: elaborated by the author, based on the WOS and SCOPUS databases

There has been a significant increase in publications relating Environmental,

Social and Governance practices, Sustainability and innovation in civil construction in

the last 2 years, demonstrating the growing relevance of the topics in the academic

context. However, there is a centralization of publications regarding these specific

topics in few journals, such as Journal of Cleaner Production, Sustainability and Science

of the Total Environmental, pointing out a gap to be filled by other high-impact journals

so that the themes are more disseminated. In addition, it is noted fragmentation of the
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topic, with the sum of publications in journals with a maximum of three publications
representing more than 60% of the total. Regarding the authors who published the
most, there was no significance in the results, with only three publications during the
analyzed period.

Figure 7 shows a comparison of the WoS and SCOPUS databases regarding the
number of publications, by country, producing the most publications on Environmental,

Social and Governance practices, Sustainability and innovation in civil construction.

Figure 7 - Publications, by country, of publications on Environmental, Social and

Governance practices, Sustainability and innovation in civil construction (2017-2022)
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Source: elaborated by the author, based on the WOS and SCOPUS databases
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Considering the 15 countries that are most published in each database, there
is @ predominance of China and the United States, followed by the United Kingdom
and lItaly, in both databases. Brazil ranks 12th in WoS and 10th in SCOPUS, with
approximately 4% of publications.

The literature on Environmental, Social and Governance practices, Sustainability
and innovation in civil construction is vast, comprehensive, and contemporary.
Furthermore, the scope of the discussion on the themes is supported by the large
number of countries (77) cited in publications in the WoS and SCOPUS databases.

It can be observed, in Figure 8, that 45 of the 77 countries have a connection
network of citations in publications. These connections, especially between the most
cited countries - China, Australiaand England - corroborates the replicability of practices
in different parts of the world, demonstrating a common interest in improving the

performance of civil construction.

Figure 8 - Most cited Countries in publications on Environmental, Social and Governance

practices, Sustainability and innovation in civil construction (2017-2022)
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Source: elaborated by the author with the VOSviewer Software from the WOS and SCOPUS databases

Another highlight is the favorable condition of practices common to companies

in the sector in several countries. Although each country has unique characteristics
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that impact the civil construction industry, the publications found similarities in some

practices, construction methods and sustainable and innovative materials used.
5.2 ESG practices and innovation in civil construction

Of the 488 publications found on ESG practices and innovation in civil
construction, more than 200 include forms of sustainable housing from an
environmental and social point of view, case studies showing the relationship between
green buildings and financial performance, innovation practices presented in the daily
construction, among others, presented in Table 1. In addition, more than 200 are about
two major themes: the use ofinnovative and sustainable materials; construction methods
directly in construction and renovation works. Regarding innovative and sustainable

materials, several practices were studied and presented, as shown in Table 2.

Table 2 - Innovative and sustainable building materials presented in the publications

(2017-2022)

Building materials Relevant publications

Concrete made with recycled glass

Roofs based on multilayer cement

Thirsty concrete capable of absorbing a large volume of water
Materials based on natural fiber from Phaseolus vulgaris
Bricks based on marble paste and laminated steel scale

Palm bark fly ash as asphalt concrete additives

Wire-bent wood and glass composite elements

Ceramic bricks made with olive pomace

Melt shop slag and blast furnace granulate as an alternative
for fine aggregates

Concrete beams with bamboo reinforcement to increase
earthquake resistance

Concrete embedded with e-waste

Superabsorbent polymers in cementitious matrices with
reduced carbon footprint

Hemp-based sound-absorbing building materials
Nano-silica as a concrete additive

Thermal insulating material made with residual fibers from peas
Structural magnesium oxide insulating panels

(Abelldn-Garcia et al., 2019)
(Angelotti et al., 2018)
(Atakara & Ramezani, 2020)
(Babu et al., 2019)
(Baghel et al., 2019)
(Chaira & Mawardi, 2019)
(Nicklisch et al., 2018)
(Lépez-Garcia et al., 2021)

(Sudarshan et al., 2021)

(Hidayat & Aldo, 2020)
(Gajalakshmi, 2017)
(Weinand, 2020)

(Fernea et al., 2017)

(Pragadeeshwaran & Sattainathan
Sharma, 2019)

(Soto et al., 2020)
(P. Lietal, 2018)

Source: elaborated by the authors
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As for innovative and sustainable construction methods, studies are exemplified,
presented in Table 3, which propose conceptual, design, structural and technological

alternatives.

Table3-Innovative and sustainable construction methods presentedinthe publications

(2017-2022)

Construction methods Relevant publications
Wood frame (Toppinen et al., 2019; Viholainen et al., 2021)
Light steel framing (Dosumu & Aigbavboa, 2018)
Drywall (Imron et al., 2017)
Prefabricated/precast (Liew, 2018; Tazikova et al., 2020)
E:zil; bottle houses with the function of sealing (Adefila et al,, 2020: Oyinlola et al,, 2018)
Modular constructions (Xu et al., 2020)
Green roofs (Yu et al., 2017)
Bubble deck slabs with air bubbles (Oukaili & Merie, 2018)
Smart homes (Kassim et al., 2019; Paparella & Caini, 2018)

Source: elaborated by the authors

The construction industry is in a difficult situation to develop an economic
system of producing low-cost housing, due to the ongoing COVID-19 pandemic, which
has led to a crisis of shortages of building materials and instability. The price of some
inputs, such as oil and steel, suffered an accelerated price increase in the international
market, causing many countries, especially the less developed ones, to suffer an
increase in the housing deficit (Ashiru & Anifowose, 2021). Based on this reality, the
authors proposed the use of dry construction - a concept that encompasses more agile
construction methods, such as steel framing - and concluded that construction time
could be reduced by 70%, making the final value of residential construction cheaper.

On the use of light steel to improve the capacity for sustainable development
in buildings, Dosumu and Aigbavboa (2018) investigated the level of knowledge,
adoption and willingness to adopt the technique, in addition to assessing the benefits

and challenges of the topic. Interviewing companies in the construction sector,
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these authors conclude that there is room in the country to increase awareness and
willingness to adopt projects with steel structures, but there are limiting barriers
related to execution challenges, such as high initial cost and the need for skilled labor.

With regard to green building technologies, Darko et al. (2017) carried out a study to
identify the significant problems associated with the adoption of so-called Green Building
Technologies (GBT). According to these authors, the popularity of the topic depends on
understanding the barriers to technology promotion, but also on the main factors and
strategies that can bring advantages to companies. The main barriers found are the lack
of knowledge and awareness, resistance to change and higher initial construction costs.
The main factors or advantages of promoting technologies for green construction were
greater energy efficiency, water savings and companies’ image and reputation. As for the
strategies, the most important were gaining experience on the cost-effectiveness of GBT
and achieving greater market share after obtaining the green seal.

Combining factors such as the use of innovative and sustainable materials and
construction methods with the sustainable renovation of buildings and a focus on
energy efficiency, Killip et al. (2018) point out that energy consumption in buildings,
especiallyin older ones, is a major contributor to global carbon dioxide emissions. Thus,
these authors studied the association between the renovation of existing buildings
- using technologies - with increased energy efficiency or on-site renewable energy
generation. Their study shows that the concept of energy efficiency, from the point of
view of technological renovation of buildings, needs to move from individual thinking
and to a large scale. It demands an effort in academia to explore, through research,
the role of the supply chain, i.e., manufacturers and distributors of technological
components and materials, as well as government agencies that can assist in making

them more affordable.

Rev. Adm., UFSM, Santa Maria, v. 16, n. 4, e1, 2023



Cruz, P. L., AVILA, L. V., Dinis, M. A. P., & Baggio, D. K.| 23

Table 4 - Publications about energy efficiency in homes and buildings (2017-2022)

Building materials Relevant publications

A synthesized factor analysis on energy consumption, economy growth,

Lai etal., 2019
and carbon emission of construction industry in China ( )

Additive Manufacturing Integrated Energy-Enabling Innovative Solutions for

Biswas et al., 2017
Buildings of the Future ( )

An exploratory study of the South African concentrated solar power sector
using the technological innovation systems framework

Cost and benefit analysis as a tool to support decisions on energetic
streamlining in the green building sector

Design and Construction of a Solar Energy Module for Optimizing Solar

(Potts & Walwyn, 2020)

(Sgandurra et al., 2017)

(Tobias et al., 2020)

Energy Efficiency
Energy consumption of hybrid smart water-filled glass (SWFG) building (Gutai & Kheybari,
envelope 2021)

Energy Savings and Sustainable Construction: Examining the Advantages of

(Oke et al., 2017)
Nanotechnology

Factor space for the development of sustainable energy technologies in (Myshovskaya et al.,
construction 2019)

How can life cycle thinking support sustainability of buildings? Investigating

life cycle assessment applications for energy efficiency and environmental (Ingrao et al., 2018)
performance

Innovation and certification as the basis for the development of energy-

_ . (Trukhina et al., 2019)
efficient construction

Innovation Management in Polish Real Estate Developers in the Renewable (Sitek &
Energy Sources Context Tvaronaviciene, 2021)

Intelligence of LED towards innovative nanotechnologies in the efficiency of

I (Mocerino, 2019)
building envelopes

Key barriers to the implementation of energy-management strategies in

o . . (Enshassi et al., 2018)
building construction projects

Orchestrating households as collectives of participation in the distributed

o . I (Skjolsvold et al., 2018)
energy transition: New empirical and conceptual insights

Parallelism in energy production through interior architecture sustainable

Osama & Helaly, 2017
development ( ¥ )

Performing quantitative analyses towards sustainable business models in
building energy renovation projects: Analytic process and case study
Proposal for efficient use of the green energy on the selected objects of the (Adamuscin et al.,

(Moschetti et al., 2018)

construction equipment 2018)
Smart Lumini: A Smart Lighting System for Academic Environments Using (Gonzalez-Amarillo et
|OT-Based Open-Source Hardware al., 2020)

Technology Frontiers of Building-integrated Photovoltaics (BIPV): A Patent

oL . (Zhong et al., 2020)
Co-citation Analysis

The achievement, significance and future prospect of China’s renewable

. (Sun, 2020)
energy initiative

Source: elaborated by the authors
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In 20 publications, listed in Table 4, the concept of energy efficiency in homes
and buildings was explored in different ways, generating examples of practices tested
in different countries and regions such as South Africa, Australia, China, Colombia,
Egypt, Slovakia, United States, Philippines, Italy, Norway, Palestine, Poland, Portugal
and Russia and that can be replicated in other countries.

Other topics such as sustainable housing, ways to innovate in the day-to-day
work, use of Building Information Modeling (BIM) technology, recycling and construction
waste reduction, models for smart cities, environmental regulations for ESG practices

in construction companies were addressed in the remaining publications.

6 CONCLUSIONS

The research aimed to analyze the evolution of the literature about ESG and
innovation in civil construction, exploring and promoting the discussion of practices in
the sector related to the environment and socioeconomic development of construction
companies. In addition, we sought to explore what are the main subjects addressed in
publications on the proposed topics.

A Systematic Review of the Literature was carried out and the results showed
an increase in the importance of the topics in the academic area, translated into a
constant growth in publications in recent years, considering the WoS and SCOPUS
databases, and a more pronounced increase in 2020 and 2021, in both databases.

The results showed an Asian predominance in the publications, in relation to the
most cited countries and to the authors and co-authors, with emphasis on countries
such as China, Malaysia, Singapore and Taiwan. Regarding the green practices adopted
by construction companies, more than 80 countries were represented with examples
of innovation and sustainability in: construction methods and materials; clean energy;
smart and sustainable home projects; recycling and reuse of materials, among others.

In relation to bibliographic coupling, networks of strong connections in clusters

by countries and regions showed that authors of new publications tend to seek
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publications from the same region as a reference. Even though civil construction
practices can be replicated in different countries and regions, there is a common habit
among researchers to base their work on local publications.

Regarding the number of publications, by country, in relation to ESG and
innovation in civil construction, China predominates and the other 3 largest in both
databases sao USA, Italy and UK, while Brazil occupies only the 12th position in WoS
and the 10th in the SCOPUS, representing approximately 4% of total publications
about these topics.

The journals that published the most in the period on the researched topics were
Journal of Cleaner Production, Sustainability and Science of the Total Environmental,
but there are publications (approximately 63% in WoS and 53% in SCOPUS) in journals
with only one or two publications. This may indicate that ESG and innovation in civil
construction topics are scattered, in addition to showing that other journals are
beginning to publish on these topics.

About the keywords most used in the analyzed publications, a mirroring of the
WoS and SCOPUS databases was noted. In WoS, there was a greater use between 2019
and 2021 of terms focused on technology, optimization and processes, while terms
such as environment, projects and sustainable strategies were more used in 2017 and
2018. In SCOPUS, a more concentrated use of keywords with technical engineering
termswasidentifiedin 2017 and 2018, such as steel structure, fiber reinforced materials
and green chemistry. In later years, from 2019 to 2021, terms such as climate condition
and environmental problems were more used.

As the discussion about ESG and innovation in civil construction was
conducted in each database, between 2017 and 2021, in a different way, when
it comes to keywords, it shows that the research, carried out in more than one
database, becomes complementary. It also reveals an evolution of the themes in
each one of them, since the publications maintained the themes, but with different

approaches over time.
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About the practices exemplified in the 488 publications found in the Systematic
Literature Review, it is concluded that there is much to explore about replicable
initiatives to improve ESG aspects and innovation in civil construction. It was also
observed that some practices are more advanced, such as the use of prefabricated
and wood framing, appearing in several publications, while others are more disruptive
and require a greater number of trial-and-error tests.

This study has some limitations. First, the bibliometric analysis focused on the
literature on practices in residential construction, without an assessment of other
segments of civil construction. Secondly, the publications found show alternatives for
builders to seek sustainable development, but there is no statistical study showing the
effectiveness of the evidenced practices. Finally, the evidenced speed of the evolution
of the discussion about ESG and innovation in the sector is highlighted, indicating that
the same work carried out in this paper will have to, eventually, be redone.

In terms of practical implications, despite the restrictions above, this paper
provides examples of innovative and sustainable practices in civil construction, in
addition to mapping, by specific subjects, the volume of publications in the WoS and
SCOPUS databases. In search of alternatives to keep civil construction constantly
growing in a sustainable way, consuming fewer resources and generating less waste in
their processes, civil construction companies have a vast collection in the literature, as
demonstrated in this paper.

Being the purpose of this research to add to this vast and current discussion
about ESG and innovation, addressing the relevance of these themes to civil
construction through an SLR, the results obtained show an evident need for continuity
of the discussion about these themes.

Giventhe discrepanciesin citations and publicationsinrelation to some countries
and regions, which appear less in the Systematic Literature Review, while others such
as China and the USA are more prominent, some questions arise in terms of furthers

prospects. Is there a relationship between the country’s level of development and the
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level of implementation of ESG and innovation in civil construction? Countries with a
higher level of implementation of the ESG concept actually have more publications
with practices on this topic? Is innovation, when practiced, guided by the principles
of sustainability? What are the biggest difficulties faced by construction companies
in relation to the implementation of ESG and innovation practices? Are companies
operating in more than one country or region able to replicate innovative and
sustainable practices or are there restrictions?

These are pertinent questions, which can be explored with further studies. It would
be important to apply new, more centralized surveys, for example, survey surveys with
companies from specific countries to measure their ESG performance and innovation

and, in addition, specific surveys with leading global construction companies.

REFERENCES

Abellan-Garcia, )., NUfez-Lopez, A., Torres-Castellanos, N., & Fernandez-Gémez, J. (2019).
Effect of FC3R on the properties of ultra-high-performance concrete with recycled
glass [Efecto del FC3R en las propiedades del concreto de ultra altas prestaciones
con vidrio reciclado]. DYNA (Colombia), 86(211), 84-93. doi: https://doi.org/10.15446/
dyna.v86n211.79596

ABRECON. (2015). Pesquisa setorial ABRECON - 2014/2015. Associacao brasileira de reciclagem
de RCD.

ABRELPE. (2019). Panorama dos residuos sdlidos no Brasil 2018/2019.
Adams, R., Bessant, J., & Phelps, R. (2006). Management measurement: A review. 27.

Adamuscin, A., Tien, M. N., Dubek, M., Jankovichov4, E., & Dubek, S. (2018). Proposal for
efficient use of the green energy on the selected objects of the construction
equipment. International Multidisciplinary Scientific GeoConference Surveying Geology
and Mining Ecology Management, SGEM, 18(4.1), 595-602. doi: https://doi.org/10.5593/
sgem2018/4.1/517.077

Adefila, A., Abuzeinab, A., Whitehead, T., & Oyinlola, M. (2020). Bottle house: Utilising
appreciative inquiry to develop a user acceptance model. Built Environment
Project and Asset Management, 10(4), 567-583. doi: https://doi.org/10.1108/
BEPAM-08-2019-0072

Rev. Adm., UFSM, Santa Maria, v. 16, n. 4, e1, 2023



28| Environmental, social and governance (ESG) and innovation in the construction sector: Systematic Literature

Ajayi, S. 0., Oyedele, L. 0., Akinade, O. 0., Bilal, M., Alaka, H. A., & Owolabi, H. A.(2017). Optimising
material procurement for construction waste minimization: An exploration of
success factors. Sustainable Materials and Technologies, 11, 38-46. doi: https://doi.
org/10.1016/j.susmat.2017.01.001

Alexandrino, T. C. (2020). Andlise da relacdo entre os indicadores de desempenho sustentdvel
(ESG) e desempenho economico-financeiro de empresas listadas na B3 [Mestrado em
Ciéncias Contébeis]. UFPE.

Almeida Gil, L. (2021). Andlise da conjuntura de incorporadoras e construtoras frente ao movimento
Environmental, Social and Governance - ESG no Brasil. Universidade Federal do Rio
Grande do Sul.

Angelotti, A., Leva, S., Zani, G., & Di Prisco, M. (2018). Sustainability-oriented innovation of a
multilayered cement-based roof element. In V. Falikman, L. Coppola, P. Hajek,& P.
Riva (Ed.), American Concrete Institute, ACI Special Publication (Vols. 2018-June, Issue
SP 326). American Concrete Institute. https://www.scopus.com/inward/record.
urizeid=2-s2.0-85057602362&partnerID=40&md5=719a7d1455aec990c9a7dc70fe4
b0e29

Arruda Castro, L. (2016). Analise de diferencas de desempenho entre empresas participantes
e ndo participantes do indice de Sustentabilidade Empresarial da BM&FBOVESPA.
Revista Ciéncias Administrativas, 23(1), 128-155. doi: https://doi.org/10.5020/2318-
0722.23.1.128-155

Ashiru, A. R., & Anifowose, K. J. (2021). An investigation into application of dry construction
technique in providing low-cost housing for Nigerians. Civil Engineering and
Architecture, 9(1), 206-213. doi: https://doi.org/10.13189/cea.2021.090117

Atakara, C., & Ramezani, H. (2020). Investigating the important factors of use and replacement
of thirsty concrete materials in urban development. Future Cities and Environment,
6(1), 1-8. doi: https://doi.org/10.5334/fce.95

Babu, B. G., Winston, D. P., SenthamaraiKannan, P., Saravanakumar, S. S., & Sanjay, M. R. (2019).
Study on characterization and physicochemical properties of new natural fiber from
Phaseolus vulgaris. Journal of Natural Fibers, 16(7), 1035-1042. doi: https://doi.org/10
.1080/15440478.2018.1448318

Baghel, R., Pandel, U., & Vashistha, A. (2019). Manufacturing of sustainable bricks: Utilization of
mill scale and marble slurry. In S. K. K. Singh S.K. Akinlabi E. T. ,. Kumar K. ,. Davim J.
P. (Ed.), Materials Today: Proceedings (Vol. 26, p. 2136-2139). Elsevier Ltd. doi: https://
doi.org/10.1016/j.matpr.2020.02.460

Banihashemi, S., Hosseini, M. R., Golizadeh, H., & Sankaran, S. (2017). Critical success factors
(CSFs) for integration of sustainability into construction project management
practices in developing countries. International Journal of Project Management, 35(6),
1103-1119. doi: https://doi.org/10.1016/j.ijproman.2017.01.014

Bardin, L. (2011). Andlise de contetdo. Edi¢cdes 70.

Rev. Adm., UFSM, Santa Maria, v. 16, n. 4, e1, 2023



Cruz, P. L., AVILA, L. V., Dinis, M. A. P., & Baggio, D. K.| 29

Bartz, C. R. F., Turcato, J. C., & Baggio, D. K. (2019). Governanca colaborativa: Um estudo
bibliométrico e conceitual da ultima década de publica¢des. DRd - Desenvolvimento
Regional em debate, 9, 800-817. doi: https://doi.org/10.24302/drd.v9i0.2394

Biswas, K., Rose, J., Eikevik, L., Guerguis, M., Enquist, P., Lee, B., Love, L., Green, J., & Jackson, R.
(2017). Additive manufacturing integrated energy-enabling innovative solutions for
buildings of the future. Journal of Solar Energy Engineering-Transactions of the Asme,
139(1), 015001. doi: https://doi.org/10.1115/1.4034980

Capaz, R., & Nogueira, L. (2015). Ciéncias ambientais para engenharia. http://www.sciencedirect.
com/science/book/9788535277395

Chaira, & Mawardi, E. (2019). Utilization of palm shells fly ash as filler on the mixture of Asphalt
Concrete Wearing Course (AC-WCQ). In L. D. F. Robo, S. Yugiswara, & R. S. (Ed.), IOP
Conference Series: Earth and Environmental Science (Vol. 325, Issue 1). Institute of
Physics Publishing. doi: https://doi.org/10.1088/1755-1315/325/1/012004

Chen, P.-H., Ong, C.-F., & Hsu, S.-C. (2016). Understanding the relationships between
environmental management practices and financial performances of multinational
construction firms. Journal of Cleaner Production, 139, 750-760. doi: https://doi.
org/10.1016/j.jclepro.2016.08.109

Cohen, M. A, Fenn, S. A., & Konar, S. (1997, May). Environmental and Financial Performance: Are
They Related?

Darko, A., Chan, A. P. C.,, Ameyaw, E. E., He, B.-J., & Olanipekun, A. O. (2017). Examining
issues influencing green building technologies adoption: The United States green
building experts’ perspectives. Energy and Buildings, 144, 320-332. doi: https://doi.
org/10.1016/j.enbuild.2017.03.060

de Franco, C. (2020). ESG Controversies and Their Impact on Performance. The Journal of
Investing, 29(2), 33-45. doi: https://doi.org/10.3905/j0i.2019.1.106

Denyer, D., & Tranfield, D. (2009). Producing a Systematic Review. In The SAGE Handbook of
Organizational Research Methods (p. 671-689). London.

Dosumu, O., & Aigbavboa, C. 0. (2018). Adoption of light steel (LS) for building projects in South
Africa. Journal of Engineering Design and Technology, 16(5), 711-733. doi: https://doi.
org/10.1108/JEDT-04-2018-0075

Eilers, H., Chong, W., Kim, J., Naganathan, H., & Glavinich, T. E. (2016). Impact of sustainability
on business performance and strategy for commercial building contractors. World
Journal of Entrepreneurship Management and Sustainable Development, 12(4), 323-343.
doi: https://doi.org/10.1108/WJEMSD-07-2016-0032

Enshassi, A., Ayash, A., & Mohamed, S. (2018). Key barriers to the implementation of energy-
management strategies in building construction projects. International jJournal
of Building Pathology and Adaptation, 36(1), 15-40. doi: https://doi.org/10.1108/
[JBPA-09-2017-0043

Rev. Adm., UFSM, Santa Maria, v. 16, n. 4, e1, 2023



30| Environmental, social and governance (ESG) and innovation in the construction sector: Systematic Literature

EPA. (2020). Advancing Sustainable Materials Management: 2018 Fact Sheet. United States
Environmental.

Fernea, R., Tamas-Gavrea, D. R., Manea, D. L., Rosca, I. C,, Aciu, C., & Munteanu, C. (2017).
Multicriterial Analysis of Several Acoustic Absorption Building Materials Based on
Hemp. InL. Moldovan &A. Gligor (Eds.), 10th International Conference Interdisciplinarity
in Engineering, Inter-Eng 2016 (Vol. 181, pp. 1005-1012). doi: https://doi.org/10.1016/j.
proeng.2017.02.500

Gajalakshmi, P. (2017). Development of eco-friendly concrete incorporated with E-waste.
Ecology, Environment and Conservation, 23(September), S356-5362.

Galema, R., Plantinga, A., & Scholtens, B. (2008). The stocks at stake: Return and risk in socially
responsible investment. 9.

Garcia, A. S. (2017). Associacbes entre desempenhos financeiro e socioambiental: um estudo
das circunstdncias em que vale a pena ser verde [Doutorado em Administracdo de
Empresas]. FUNDACAO GETULIO VARGAS.

Gillan, S. L., Koch, A., & Starks, L. T. (2021). Firms and social responsibility: A review of ESG
and CSR research in corporate finance. Journal of Corporate Finance, 66, 101889. doi:
https://doi.org/10.1016/j.jcorpfin.2021.101889

Gomes, F. B. (2018). Sustentabilidade na construgdo civil e as certificagdes : Andlise de aplica¢bes
em edificagcdes do Selo LEED™ no Distrito Federal. 32.

Gonzalez-Amarillo, C.-A., Cardenas-Garcia, C.-L., Caicedo-Munoz, ].-A., & Mendoza-Moreno, M.-A.
(2020). Smart Lumini: ASmart Lighting System for Academic Environments Using 10T-
Based Open-Source Hardware. Revista Facultad De Ingenieriia, Universidad Pedagogica
Y Tecnologica De Colombia, 29(54), e11060. doi: https://doi.org/10.19053/01211129.
v29.n54.2020.11060

Gonzalez-Caceres, A., Rabani, M., & Wegertseder Martinez, P. A. (2019). A systematic review of
retrofitting tools for residential buildings. In Sustainable Built Environment Conference
2019 Tokyo (sbe19tokyo)—Built Environment in an Era of Climate Change: How Can
Cities and Buildings Adapt? (Vol. 294, p. 012035). doi: https://doi.org/10.1088/1755-
1315/294/1/012035

Guedes, V. L. S., & Borschiver, S. (2005). Bibliometria: Uma ferramenta estdtica para a gestéo
da informagéo e do conhecimento, em sistemas de informagéo, de comunica¢éo e de
avaliagéo cientifica e tecnologica.

Gutai, M., & Kheybari, A. G.(2021). Energy consumption of hybrid smart water-filled glass (SWFG)
building envelope. Energy and Buildings, 230, 110508. doi: https://doi.org/10.1016/j.
enbuild.2020.110508

Rev. Adm., UFSM, Santa Maria, v. 16, n. 4, e1, 2023



Cruz, P. L., AVILA, L. V., Dinis, M. A. P., & Baggio, D. K.| 31

Hidayat, N., & Aldo, A. (2020). Bamboo Reinforcement Concrete Beam as Innovation for
Low-cost Earthquake Resistant House. In S. E. Nayono, Y. Denghua, Z. A. Akasah,
S. Widodo, R. Hidayah, Sativa, & Suwartanti (Eds.), 2nd International Conference on
Sustainable Infrastructure (Vol. 1625, p. 012026). doi: https://doi.org/10.1088/1742-
6596/1625/1/012026

IBGE. (2019). Pesquisa Anual da Industria da Construcao 2019. Notas técnicas, 29, 32.

Imron, M. A., Ahkam, D. N. I., & Hidayat, A. W. (2017). DECO FRECASE (drywall eco-friendly
from eggshell and cane bagasse) as an innovation of eco-friendly interior
construction. In 2077 International Conference on Material Engineering and Advanced
Manufacturing Technology (Vol. 282, p. 012009). doi: https://doi.org/10.1088/1757-
899X/282/1/012009

Ingrao, C., Messineo, A., Beltramo, R., Yigitcanlar, T., & loppolo, G. (2018). How can life cycle
thinking support sustainability of buildings? Investigating life cycle assessment
applications for energy efficiency and environmental performance. Journal of Cleaner
Production, 201, 556-569. doi: https://doi.org/10.1016/j.jclepro.2018.08.080

Isik, Z., & Aladag, H.(2016). Afuzzy AHP model to assess sustainable performance of the construction
industry fromurbanregeneration perspective. Journal of civilengineering and management,
23(4), 499-509. doi: https://doi.org/10.3846/13923730.2016.1210219

Julison, B., Wardani, S. P.R., & Wibowo, M. A. (2017). Innovation performance of large contractor
in Indonesia: Influencing factors and its impact on firm’s performance. In T. C. Tim, T.
Ueda, &H.S. Mueller (Eds.), 3rd International Conference on Sustainable Civil Engineering
Structures and Construction Materials—Sustainable Structures for Future Generations
(Vol. 171, pp. 370-378). doi: https://doi.org/10.1016/j.proeng.2017.01.346

Kassim,Y.,Jason, U., &Rapha, B.(2019). Achieving IT-based sustainable competitive advantagein
construction: Organisational soft issues. In T. W (Ed.), EG-ICE 2010—17th International
Workshop on Intelligent Computing in Engineering. Nottingham. https://www.scopus.
com/inward/record.uri?eid=2-s2.0-85083947207&partnerID=40&md5=91d1019cb0
1b224880f2b2207c1a6181

Kavishe, N., Jefferson, I., & Chileshe, N. (2019). Evaluating issues and outcomes associated
with public-private partnership housing project delivery: Tanzanian practitioners’
preliminary observations. International jJournal of Construction Management, 19(4),
354-369. doi: https://doi.org/10.1080/15623599.2018.1435154

Kaza, S., Yao, L. C.,, Bhada-Tata, P., & Van Woerden, F. (2018). What a waste 2.0: A global Snapshot
of solid waste management to 2050 (Urban Development). World Bank. https://
openknowledge.worldbank.org/handle/10986/30317

Killip, G.,Owen, A.,Morgan, E., &Topouzi, M.(2018). Aco-evolutionaryapproachtounderstanding
construction industry innovation in renovation practices for low-carbon outcomes.
International Journal of Entrepreneurship and Innovation, 19(1), 9-20. doi: https://doi.
org/10.1177/1465750317753933

Rev. Adm., UFSM, Santa Maria, v. 16, n. 4, e1, 2023



32| Environmental, social and governance (ESG) and innovation in the construction sector: Systematic Literature

Kneipp,J. M., Gomes, C. M., Bichueti, R.S., Muller,L.D. O., & Motke, F.D.(2017). Gestdo estratégica
da inovacgao sustentavel: Um estudo de caso em empresas industriais brasileiras.
Revista Organiza¢ées em Contexto, 14(27), 131. doi: https://doi.org/10.15603/1982-
8756/roc.v14n27p131-185

Konar, S., & Cohen, M. A. (2001). Does the market value environmental performance?
Review of Economics and Statistics, 83(2), 281-289. doi: https://doi.
org/10.1162/00346530151143815

Lai, X., Lu, C., & Liu, J. (2019). A synthesized factor analysis on energy consumption, economy
growth, and carbon emission of construction industry in China. Environmental Science
and Pollution Research, 26(14), 13896-13905. doi: https://doi.org/10.1007/s11356-
019-04335-7

Li, P., Froese, T. M., & Cavka, B. T. (2018). Life cycle assessment of magnesium oxide structural
insulated panels for a smart home in Vancouver. Energy and Buildings, 175, 78-86.
doi: https://doi.org/10.1016/j.enbuild.2018.07.016

Li,Y.,Rong, Y., Ahmad, U. M., Wang, X., Zuo, J., & Mao, G. (2021). Acomprehensive review on green
buildings research: Bibliometric analysis during 1998-2018. Environmental Science and
Pollution Research. doi: https://doi.org/10.1007/s11356-021-12739-7

Liew, K. H. (2018). Manifestos for sustainable development: Sustainable modular steel-precast
concrete building construction system for dwellings in Singapore. World Sustainability
Series, 477-492. doi: https://doi.org/10.1007/978-3-319-73293-0_28

Lopez-Garcia, A. B., Cotes-Palomino, T., Uceda-Rodriguez, M., Moreno-Maroto, J. M., Cobo-
Ceacero, C.J., Andreola, N. M. F., & Martinez-Garcia, C. (2021). Application of life cycle
assessment in the environmental study of sustainable ceramic bricks made with
‘alperujo’ (Olive Pomace). Applied Sciences, 11(5), 2278. doi: https://doi.org/10.3390/
app11052278

Manescu, C. (2011). Stock returns in relation to environmental, social and governance
performance: Mispricing or compensation for risk? Sustainable Development, 19(2),
95-118. doi: https://doi.org/10.1002/sd.510

Mangialardo, A., Micelli, E., & Saccani, F. (2019). Does sustainability affect real estate market
values? Empirical evidence from the office buildings market in Milan (Italy).
Sustainability, 11(1), 12. doi: https://doi.org/10.3390/su11010012

Mocerino, C. (2019). Intelligence of LED towards innovative nanotechnologies in the efficiency
of building envelopes. In Q. F. Morgado-Dias F. (Ed.), 2019 International Conference on
Engineering Applications, ICEA 2019—Proceedings. Institute of Electrical and Electronics
Engineers Inc. doi: https://doi.org/10.1109/CEAP.2019.8883477

Moschetti, R., Brattebo, H., Skeie, K. S., & Lien, A. G. (2018). Performing quantitative analyses
towards sustainable business models in building energy renovation projects: Analytic
process and case study. Journal of Cleaner Production, 199, 1092-1106. doi: https://
doi.org/10.1016/j.jclepro.2018.06.091

Rev. Adm., UFSM, Santa Maria, v. 16, n. 4, e1, 2023



Cruz, P. L., AVILA, L. V., Dinis, M. A. P., & Baggio, D. K.| 33

Myshovskaya, L., Mescheryakova, O., Vlasenko, V., & Bukreev, A. (2019). Factor space for the
developmentofsustainableenergytechnologiesinconstruction.In/nternationalScience
Conference Spbwosce-2018: Business Technologies for Sustainable Urban Development
(Vol. 110, p. 01067). doi: https://doi.org/10.1051/e3sconf/201911001067

Nicklisch, F., Greulich, T., & Weller, B. (2018). A numerical and experimental approach to cold-
bent timber-glass composite elements. Glass Structures & Engineering, 3(2), 303-319.
doi: https://doi.org/10.1007/s40940-018-0069-6

Oke, A. E., Aigbavboa, C. O., & Mohapeloa, K. (2019). Perception of consultants and contractors
to performance factors of construction projects. In M. Shehata & F. Rodrigues (Eds.),
Sustain. Civil Infrastruct. (p. 189). Springer Science and Business Media B.V.; Scopus.
doi: https://doi.org/10.1007/978-3-030-01905-1_9

Oke, A. E., Aigbavboa, C. O., & Semenya, K. (2017). Energy savings and sustainable construction:
Examining the advantages of nanotechnology. InJ.Yan, ). Wu, & H. Li (Eds.), Proceedings
of the 9th International Conference on Applied Energy (Vol. 142, pp. 3839-3843). doi:
https://doi.org/10.1016/j.egypro.2017.12.285

ONU. (2018a). Objetivo de Desenvolvimento Sustentdvel 6: Agua potdvel e saneamento. Organizacdo
das Nacdes Unidas. https://brasil.un.org/pt-br/sdgs/6

ONU. (2018b). Objetivo de Desenvolvimento Sustentdvel 11: Cidades e comunidades sustentdveis.
Organizacao das Nacdes Unidas. https://brasil.un.org/pt-br/sdgs/11

ONU. (2018c). Objetivo de Desenvolvimento Sustentdvel 12: Consumo e produc¢éo responsaveis.
Organizacao das Nac¢des Unidas. https://brasil.un.org/pt-br/sdgs/12

ONU. (2018d). Objetivos de Desenvolvimento Sustentdvel. Organizacdao das Nacbes Unidas.
https://brasil.un.org/pt-br/sdgs

Onubi, H. O., Yusof, N., & Hassan, A. S. (2020). Understanding the mechanism through which
adoption of green construction site practices impacts economic performance.
Journal of Cleaner Production, 254, 120170. doi:https://doi.org/10.1016/j.
jclepro.2020.120170

Osama, M., & Helaly, M. (2017). Parallelism in energy production through interior architecture
sustainable development. International Journal of Parallel Emergent and Distributed
Systems, 32, S190-S198. doi: https://doi.org/10.1080/17445760.2017.1390110

Oukaili,N., & Merie, H.(2018). Sustainability analysis and shear capacity of BubbleDeck slabs with
openings.In201811thInternational Conference on Developmentsin Esystems Engineering
(dese 2018) (pp. 250-255). doi: https://doi.org/10.1109/DeSE.2018.00051

Qyinlola, M., Whitehead, T., Abuzeinab, A., Adefila, A., Akinola, Y., Anafi, F., Farukh, F., Jegede, O.,
Kandan, K., Kim, B., & Mosugu, E. (2018). Bottle house: A case study of transdisciplinary
research for tackling global challenges. Habitat International, 79, 18-29. doi: https://
doi.org/10.1016/j.habitatint.2018.07.007

Rev. Adm., UFSM, Santa Maria, v. 16, n. 4, e1, 2023



34| Environmental, social and governance (ESG) and innovation in the construction sector: Systematic Literature

Pacheco Jr., W. (2020, May). Construindo o futuro de olho no passado: A histéria da construgéo
civil no Brasil. https://blog.obraprimaweb.com.br/a-historia-da-construcao-civil-no-
brasil/

Paparella, R., & Caini, M. (2018). Innovative Approach to the Configuration of Smart Buildings.
In Bo-Ricerche E Progetti Per Il Territorio La Citta E L Architettura, 9(13), 52-63.

Pereira, R. S., Santos, I. C., Oliveira, K. D. S., & Ledo, N. C. A. (2019). Meta-analysis as a research
tool: A systematic review of bibliometric studies in administration. RAM. Revista de
Administracéo Mackenzie, 20(5), eRAMG190186. doi: https://doi.org/10.1590/1678-
6971/eramg190186

Potts, S., & Walwyn, D. R. (2020). An exploratory study of the South African concentrated solar
power sector using the technological innovation systems framework. Journal of
Energy in Southern Africa, 31(2), 1-18. doi: https://doi.org/10.17159/2413-3051/2020/
v31i2a7725

Powmya, A., Abidin, N. Z., & Azizi, N. S. M. (2017). Contractor firm strategies in delivering green
project: A review. In H. A. Aziz, B. H. AbuBakar, M. A. M. Johari, C. K. Keong, M. S.
Yusoff, M. R. M. Hasan, M. H. Ramli, & H. Halim (Eds.), Proceedings of the International
Conference of Global Network for Innovative Technology and Awam International
Conference in Civil Engineering (ignite-Aicce’17): Sustainable Technology and Practice
for Infrastructure and Community Resilience (Vol. 1892, p. 160009). doi: https://doi.
org/10.1063/1.5005776

Pragadeeshwaran, B., & Sattainathan Sharma, A. (2019). Influence of nano silica as additive in
concrete. International Journal of Innovative Technology and Exploring Engineering, 8(8),
919-922.

Purvis, B., Mao, Y., & Robinson, D. (2019). Three pillars of sustainability: In search of conceptual
origins. Sustainability Science, 14(3), 681-695. doi: https://doi.org/10.1007/s11625-
018-0627-5

Resende, E. B., Faria, L. C. S., & Aversi-Ferreira, T. A. (2021). Quantitative and qualitative
study of waste produced by civil construction of masonry in the South of Minas
Gerais and comments on sustainability. Research, Society and Development, 10(14),
e15101421381. doi: https://doi.org/10.33448/rsd-v10i14.21381

Ridley, D. (2008). The literature review: A step-by-step guide for students. SAGE.

Ripardo, S. (2022, January 28). B3 divulga ranking dos campedes de ESG; Vale e Petrobras estéo
fora. Bloomberg Linea Brasil. https://www.bloomberglinea.com.br/2022/01/28/b3-
divulga-ranking-dos-campeoes-de-esg-vale-e-petrobras-estao-fora/

Schumacher, P. (2020). The Incorporation of ESG Scores into Factor based Investment Decisions.
Lund University.

Rev. Adm., UFSM, Santa Maria, v. 16, n. 4, e1, 2023



Cruz, P. L., AVILA, L. V., Dinis, M. A. P., & Baggio, D. K.| 35

Sgandurra, M., Salerno, G., Passalacqua, A., Martelli, C., & Rinaldo, A. (2017). Cost and benefit
analysis as a tool to support decisions on energetic streamlining in the green
building sector. Procedia Environmental Science, Engineering and Management, 4(3),
183-190.

Sitek, M., & Tvaronaviciene, M. (2021). Innovation management in polish real estate developers
in the renewable energy sources context. Energies, 14(6), 1702. doi: https://doi.
org/10.3390/en14061702

Skjolsvold, T. M., Throndsen, W., Ryghaug, M., Fjellsa, I. F., & Koksvik, G. H. (2018). Orchestrating
households as collectives of participation in the distributed energy transition: New
empirical and conceptual insights. Energy Research & Social Science, 46, 252-261. doi:
https://doi.org/10.1016/j.erss.2018.07.035

Soto, M., Vera, M., Parra, K., Rojas, C., & Cardenas, J. P. (2020). Potential of the residual fibers of
pisum sativum (PS), for use in a development of a thermal insulator material. In R. G.S
(Ed.), IOP Conference Series: Earth and Environmental Science (Vol. 503, Issue 1). Institute
of Physics Publishing. doi: https://doi.org/10.1088/1755-1315/503/1/012084

Sousa-Zomer, T. T., & Miguel, P. A. C. (2018). Sustainable business models as an innovation
strategy in the water sector: An empirical investigation of a sustainable product-
service system. Journal of Cleaner Production, 171, S119-S129. doi: https://doi.
org/10.1016/j.jclepro.2016.07.063

Sudarshan, V. J., Arpitha, D., Thilak Kumar, Y. T., Rajasekaran, C., & Puttaswamy, N. (2021).
Assessment on performance of steel slag and processed granulated blast furnace slag
as an alternative for fine aggregate—An assertive review. 99, 273-282. doi: https://doi.
org/10.1007/978-981-15-6828-2_21

Sun, Y. (2020). The achievement, significance and future prospect of China’s renewable energy
initiative. International Journal of Energy Research, 44(15), 12209-12244. doi: https://
doi.org/10.1002/er.5243

Tazikova, A., Talian, J., & Galla, J. (2020). Analysis of prefabricated systems in the construction of
family houses. TEM Journal-Technology Education Management Informatics, 9(3), 959-
965. doi: https://doi.org/10.18421/TEM93-17

Tobias, R. R., Mital, M. E., Lauguico, S., Guillermo, M., Naidas, J. R., Lopena, M., Dizon, M. E., &
Dadios, E.(2020). Design and construction of asolar energy module for optimizing solar
energyefficiency.2020/EEE 12thInternational Conferenceon Humanoid, Nanotechnology,
Information Technology, Communication and Control, Environment, and Management,
HNICEM 2020. doi: https://doi.org/10.1109/HNICEM51456.2020.9400127

Toppinen, A., Miilumaki, N., Vihemaki, H., Toivonen, R., & Lahtinen, K. (2019). Collaboration and
shared logic for creating value-added in three Finnish wooden multi-storey building
projects. Wood Material Science & Engineering, 14(5), 269-279. doi: https://doi.org/10.
1080/17480272.2019.1653365

Rev. Adm., UFSM, Santa Maria, v. 16, n. 4, e1, 2023



36 | Environmental, social and governance (ESG) and innovation in the construction sector: Systematic Literature

Tranfield, D., Denyer, D., & Smart, P. (2003). Towards a methodology for developing evidence-
informed management knowledge by means of systematic review. British Journal of
Management, 14(3), 207-222. doi: https://doi.org/10.1111/1467-8551.00375

Trukhina, N., Barinov, V., Andiyunina, Y., Panenkov, A., & Voytolovskiy, N. (2019). Innovation
and certification as the basis for the development of energy-efficient construction.
In International Science Conference Spbwosce-2018: Business Technologies for
Sustainable Urban Development (Vol. 110, p. 02125). doi: https://doi.org/10.1051/
e3sconf/201911002125

UNESCO. (2021). United nations world water development report 2021: Valuing water. UNITED
NATIONS EDUCATIONA.

Van Eck, N. J.,, & Waltman, L. (2010). Software survey: VOSviewer, a computer program for
bibliometric mapping. Scientometrics, 84(2), 523-538. doi: https://doi.org/10.1007/
s11192-009-0146-3

Vieira, I. L. (2021). A materialidade nos relatdrios de sustentabilidade: Desenvolvimento de um
modelo analitico aplicado ao setor da construgéo civil brasileira [Doutorado em
Engenharia Ambiental]. Universidade do Estado do Rio de Janeiro.

Viholainen, N., Kylkilahti, E., Autio, M., Poyhonen, J., & Toppinen, A. (2021). Bringing ecosystem
thinking to sustainability-driven wooden construction business. Journal of Cleaner
Production, 292, 126029. doi: https://doi.org/10.1016/j.jclepro.2021.126029

Weinand, Y. (2020). Towards sustainable timber construction through the application of wood-
wood connections (S. K. Bien, J. Biliszczuk J. ,. Hawryszkow P. ,. Hildebrand M. ,. Knawa-
Hawryszkow M., Ed.; p. 181-199). International Association for Bridge and Structural
Engineering (IABSE). https://www.scopus.com/inward/record.uri?eid=2-s2.0-
85103459459&partnerID=40&md5=1cfc6a94f0bd4469145eba3f4ea9b152

Xu, Z., Zayed, T., & Niu, Y. (2020). Comparative analysis of modular construction practices
in mainland China, Hong Kong and Singapore. Journal of Cleaner Production, 245,
118861. doi: https://doi.org/10.1016/j.jclepro.2019.118861

Xue, H., Zhang, S., Su, Y., Wu, Z.,, & Yang, R. J. (2018). Effect of stakeholder collaborative
management on off-site construction cost performance. Journal of Cleaner Production,
184, 490-502. doi: https://doi.org/10.1016/j.jclepro.2018.02.258

Yadegaridehkordi, E., Hourmand, M., Nilashi, M., Alsolami, E., Samad, S., Mahmoud, M.,
Alarood, A. A., Zainol, A., Majeed, H. D., & Shuib, L. (2020). Assessment of sustainability
indicators for green building manufacturing using fuzzy multi-criteria decision making
approach. journal of Cleaner Production, 277, 122905. doi: https://doi.org/10.1016/j.
jclepro.2020.122905

Yu, W. D., Cheng, S. T., Miao, C. M., & Perng, G. Y. (2017). Green innovation of green roof
technology—A case study. Materialwissenschaft Und Werkstofftechnik, 48(5), 420-429.
doi: https://doi.org/10.1002/mawe.201700015

Rev. Adm., UFSM, Santa Maria, v. 16, n. 4, e1, 2023



Cruz, P. L., AVILA, L. V., Dinis, M. A. P., & Baggio, D. K.| 37

Zhong, B., Hei, Y., Jiao, L., Luo, H., & Tang, J. (2020). Technology frontiers of building-integrated
photovoltaics (BIPV): A patent co-citation analysis. International Journal of Low-Carbon
Technologies, 15(2), 241-252. https://doi.org/10.1093/ijlct/ctz068

Zhou, S., Zhou, M., Wang, Y., Gao, Y., Liu, Y., Shi, C,, Lu, Y., & Zhou, T. (2020). Bibliometric and
social network analysis of civil engineering sustainability research from 2015 to 2019.
Sustainability, 12(17), 6842. Doi: https://doi.org/10.3390/su12176842

Authors

1 - Pedro Lucas Cruz

Institution: Federal University of Santa Maria

Santa Maria, Rio Grande do Sul, Brazil

Master in Production Engineering at the Federal University of Santa Maria, Postgraduate
in Engineering and Quality Management at Pontifical Catholic University of Minas Gerais,
Undergraduate in Civil Engineering from Pontifical Catholic University of Minas Gerais.
Orcid: https://orcid.org/0000-0003-3147-7138

E-mail: pedro.cruz@acad.ufsm.br

2 - Lucas Veiga Avila

Institution: Federal University of Santa Maria

Santa Maria, Rio Grande do Sul, Brazil

PhD in Business Administration from the Federal University of Santa Maria.
Orcid: https://orcid.org/0000-0003-1502-258X

E-mail: lucas.avila@ufsm.br

3 - Maria Alzira Pimenta Dinis

Institution: University Fernando Pessoa

Porto, Douro Coast, Portugal

PhD in Earth Sciences (2010) and Habilitation in Ecology and Environmental Health
(2023) at University Fernando Pessoa, Portugal. Associate Professor at the Faculty of
Science and Technology University Fernando Pessoa, Porto, Portugal

Orcid: https://orcid.org/0000-0002-2198-6740

E-mail: madinis@ufp.edu.pt

4 - Daniel Knebel Baggio

Institution: Regional University of the Northwest of the State of Rio Grande do Sul
ljui, Rio Grande do Sul, Brazil

Regional University of the Northwest of the State of Rio Grande do Sul - UNIJUI
Orcid: https://orcid.org/0000-0002-6167-2682

E-mail: baggiod@unijui.edu.br

Rev. Adm., UFSM, Santa Maria, v. 16, n. 4, e1, 2023



38| Environmental, social and governance (ESG) and innovation in the construction sector: Systematic Literature

Contribution of authors

Contribution [Author 1] [Author 2] [Author 3] [Author 4]
1. Definition of research problem ~ ~ ~ N
2. DeyelopmenF gf hypotheses or research J J J J
questions (empirical studies)
3. Develgpment of theoretical propositions J J
(theoretical work)
4. Theoretical foundation / Literature review v N v \/
5. Definition of methodological procedures \l v
6. Data collection ~ N
7. Statistical analysis J \/
8. Analysis and interpretation of data J Xl
9. Critical revision of the manuscript \/ \
10. Manuscript writing V J \/ J
Conflict of Interest
The authors have stated that there is no conflict of interest.
Copyrights

ReA/UFSM owns the copyright to this content.

Plagiarism Check

The ReA/UFSM maintains the practice of submitting all documents approved for publication to the plagiarism
check, using specific tools, e.g.: Turnitin.

Edited by

Jordana Marques Kneipp

Rev. Adm., UFSM, Santa Maria, v. 16, n. 4, e1, 2023





