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Abstract: The complexity that surrounds the construction projects ends up hampering the 
balance between economic, environmental and social issues. In this context, this research aims 
to know the behavior of international scientific production relating sustainability to complex 
projects, through a systematic literature review and bibliometric indicators. It was searched for 
articles that related the terms “project *”, “complex *”, “sustainability”, “building OR civil 
construction” in the Scopus database, resulting in a sample of 331 articles. There is a tendency 
of studies on the subject from 2006, where the articles, for the most part, seek to understand the 
consequences and complexity in the implementation of works, through case studies. The sample 
obtained also showed that the American researchers lead in quantity of research and are the 
most cited. Finally, the emerging international interest in sustainable construction may correlate 
with the growing number of green buildings and the existing certifications that characterize 
sustainable buildings. 
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Resumo: A complexidade que envolve os projetos da construção civil acaba dificultando o equilíbrio 
entre as questões econômicas, ambientais e sociais. Nesse contexto, esta pesquisa objetiva conhecer o 
comportamento da produção científica internacional relacionando a sustentabilidade em projetos 
complexos, por meio de uma revisão sistemática da literatura e de indicadores bibliométricos. Buscou-
se na base de dados Scopus artigos que relacionassem os termos “project *”, “complex*”, “sustainability”, 
“building OR civil construction”, resultando em uma amostra de 331 artigos. Há uma tendência de estudos 
sobre o tema a partir de 2006, onde os artigos, em sua maioria, buscam compreender as consequências 
e a complexidade na execução dos trabalhos, por meio de estudos de caso. A amostra obtida também 
mostrou que os pesquisadores americanos lideram em quantidade as pesquisas e são os mais citados. 
Por fim, o interesse internacional emergente na construção sustentável pode se correlacionar com o 
número crescente de edifícios verdes e as certificações existentes que caracterizam edifícios 
sustentáveis. 
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1 Introdução 
By the middle of 2017 the world population was approximately 7.6 billion, a 

growth of about one billion inhabitants in the last twelve years (that number can 
reach 8.6 billion by 2030) (United Nations, 2017). Such growth requires 
infrastructure (mainly in developing countries), produces large urban and 
infrastructure projects such as water and sewage, electricity, transportation and 
telecommunications (Hu et al., 2015). However, the implementation of urban 
infrastructure entails negative environmental, social and economic consequences 
generated by the expressive amount of solid waste in the construction industry 
and its incorrect destination impose the need for effective reuse alternatives and 
final disposal solutions. Such alternatives should be predicted in the projects, 
since it is the same in the beginning of the life cycle of a construction (Csillag, 
2007). 

However, uncertainties and instability of projects are due to factors such as 
sustainability, technology, changes in power relations in geopolitics, and retention 
of qualified individuals who can adapt to changes in the operating environment 
(Gorod et al., 2018). In the context of sustainability, projects assume key roles 
for the development and implementation of sustainable technologies and 
practices (Silvius & Schipper, 2014). The designer, in this case, must recognize 
the impacts of each choice, seeking sustainability requirements applicable 
throughout the different phases of the life cycle of the building, from its 
conception, during its useful life, to management of building waste in phase 
(Akadiri et al., 2012), for example. 

In this perspective, sustainable preventive projects and measures are 
necessary and essential, since human and ecological effects must be approached 
as factors in open, dynamic and multiscale systems with a considerable degree 
of complexity and uncertainty (Gibson, 2006). Sustainable projects assess the 
purposes, options, impacts, mitigation and possibilities of improvement of their 
activities, as well as monitor and control the lessons learned during their 
development (Gibson, 2006). 

It is worth mentioning that urban infrastructure projects, for the most part, are 
characterized as a megaproject (an example of a complex project). Most 
construction projects are considered complex because they involve a 
management that combines the various projects and contractual arrangements, 
using the most varied team skills for the construction itself and even the facilities 
(van Marrewijk et al., 2008). In addition, they are characterized by a significant 
extension and difficulty in understanding planning processes due to their high 
initial uncertainty of data, high probability of risk, multi-level task structure and 
variety of interconnections, high number of specialized professionals and 
approaches involved in the project (Kritskiy et al., 2018). 

Thus, the implementation and management of sustainability in complex 
projects ends up being an arduous task. The alignment between the product 
portfolio and environmental sustainability introduces that the decisions to be 
taken from the environmental point of view in portfolio management take into 
consideration: Strategic alignment: the projects must be integrated with the 
sustainability agenda of the organization; Brand: the projects should reinforce the 
positioning of the company in relation to sustainability; Emission of 
CO2/biomaterials: the projects must contribute to reach zero emission levels and 
be based on biomaterials; Leveraging technological capabilities: enhancing the 



Sustainability in complex projects... 

Gestão & Produção, 28(4), e5389, 2021 3/21 

organization's technological capabilities in relation to sustainability (Brook & 
Pagnanelli, 2014). 

Thus, this article aims to analyze the publications that correlate complex 
projects and sustainability, through a bibliometric and systematic literature 
review, in which we searched for articles with the terms: “project *”, “complex *”, 
“Sustainability”, “building OR civil construction” in the Scopus database. 

This paper is divided in 5 sections: the first one presents the Introduction of 
the themes treated in the research; theoretical reference, titled sustainability in 
complex civil construction projects, in which concepts about the theme are 
exposed; in the third section, we present the methodology used by the authors to 
reach the objectives; the Analysis of Results are presented in section 4, followed 
by the Conclusions. 

2 Sustainability in complex construction projects 
Sustainability is characterized as a participatory process that conceives and 

develops a community sense in which it proposes the respect and prudent use of 
natural resources, seeking, as far as possible, economic security, promoting 
democracy and popular participation in the control of their communities, 
maintaining the integrity of ecological and vital systems (Gladwin et al., 1995). It 
is the simultaneous maximization of the objectives of: biological system by 
genetic diversity, resilience, biological productivity); economic system by meeting 
the basic needs, equality and growth of useful goods and services; and, finally, 
social system by promoting cultural diversity, institutional sustainability, social 
justice, participation (Barbier, 1987). 

This concept is based on the Triple Bottom Line-TBL, since it takes into 
account the social, environmental and economic aspects (Elkington, 1994). There 
is a need for sustainable measures that integrate the foundations of TBL into the 
processes of the construction industry. 

It is worth noting that the Brundtland report, better known as Our Common 
Future, defined sustainable development as being “[...] one that meets the needs 
of the present without compromising the ability of future generations to meet 
theirs [...]” (Brundtland, 1987, p. 57). Sustainability in enterprises needs to 
incorporate sustainable development objectives, which are social equity, 
economic efficiency and environmental performance in an organization's 
operational practices and projects (Martens & Carvalho, 2017).This change in 
production and consumption patterns, within the scope of sustainable 
development, requires innovative projects and changes related to business 
strategies, which directly changes the management of projects (Silvius et al., 
2016). In this way, sustainable projects will become viable as energy costs return, 
pressures from consumer groups increase due to greater transparency in supply 
chains and companies begin to have a more holistic view of the costs and benefits 
associated with social and environmental projects (Carter & Rogers, 2008). 

Dyllick & Hockerts (2002, p. 132) analyze the capital application of a company 
according to the three dimensions of the TBL, as shown in Table 1. 
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Table 1. Application of the company's capital in TBL dimensions. 

Dimension Application 

Economic 
Ensure enough cash flow to ensure liquidity and 
at the same time produce a persistent above-
average return from its stakeholders. 

Environmental 
Use of renewable natural resources, where 
emissions do not exceed the capacity of the 
natural system to absorb and assimilate 
pollutants. 

Social 

Add value to the communities in which they 
operate, raising the human capital of individual 
partners, as well as promoting social capital so 
that investors can understand their motivations 
and agree with the company's value system. 

Source: Adapted from Dyllick & Hockerts (2002, p.132). 

Thus, when developing a sustainable project, it is essential to identify the design 
elements of the built environment and their levels of importance from the point of view 
of sustainability (Yildiz et al., 2019). In addition, it is concerned with the products or 
services generated by it and their respective life cycle, not only being limited to the 
initiation, development, execution, testing and launch phases (Brent & Labuschagne, 
2006). 

Sustainable projects seek green technologies and their strategies increase the 
quality of the building's internal environment, making it more conducive to human health 
and productivity (Romm & Browning, 1998), and the project is a temporary effort, with 
a good start and end defined and not necessarily short-term employee to create a 
product or service (PMI, 2011). In addition, it has a clear and well-defined objective that 
consumes resources, working under labor pressure (Kerzner, 2012). The factors 
related to project size, project variety, project interdependence and project context can 
help to scale the complexity of a project (Vidal & Marle, 2008). 

According to the PMI (2018) to achieve the project aims there must be good 
management, which must have the application and qualified integration of processes 
involved. For Vargas (2005) the management of a project can be understood as a 
structured and logical process to deal with changes. Tools and techniques such as: 
management tools, quality control, costs and risks are important in conducting a project 
(PMI, 2018). These mechanisms developing skills, initiatives and strategies to achieve 
the best project results (Kameiya et al., 2016). 

The difference between routine projects and complex projects is the degree of 
disorder, its instability, emergence, nonlinearity, recursion, uncertainty, irregularity and 
randomness, including high uncertainty about objectives (CCPM, 2008). In addition, it 
adds high monetary value and has a high public interest (FHWA, 2006). Kerzner (2013) 
argues that project complexity is one of the challenges that must be overcome for 
successful project management 

A complex project has as main characteristic the involvement of more than one 
organization, consequently, several stakeholders and organizational systems, thus 
requiring an effective management of risks and uncertainties (PMI, 2011). In addition, 
it requires the mastery of techniques and tools that subsidize the project manager to 
success (Jiang et al., 2004). 

Baccarini (1996, p. 201) observed that the literature defines two basic dimensions 
of complexity for projects, one consisting of “several interrelated stakeholders” and the 
other in “complicated, involved, intricate”. The author notes that the first dimension is 
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clearly delimited so that the complexity of the project can be operationalized in terms 
of: differentiation (the amount of varied elements such as tasks, specialists and 
components) and interdependence or connectivity (the degree of interrelation between 
elements). The second dimension, as suggested by the author, suggests a broad and 
diverse definition of interpretation, which may involve the project's difficulty in terms of 
project criticality, visibility and accountability, and clarity of scope definition, making 
such a definition subjective and observer dependent. 

In general, the complexity of a project is related to its heterogeneity in terms of 
interdependencies, duration and scope of organization and relationship (Moore et al., 
2018). In this perspective, the greater the complexity of the project, the greater the 
difficulties for the application of sustainable measures, in terms of aggression to the 
environment, the community involved and the budget limits. 

The management of sustainability in projects is complex because its objectives 
must be clearly defined in each phase (Marcelino-Sádaba et al., 2015; Sánchez, 2015). 
However, project management makes it possible to implement sustainability in 
organizations at all stages and levels of business (Marcelino-Sádaba et al., 2015), 
since sustainability criteria can be incorporated into strategic planning (Maletič et al., 
2014) and innovation (Morioka & Carvalho, 2016). According to Martens & Carvalho 
(2017) the integration of sustainability in project management influenced the project 
managers to direct efforts to reduce the consumption of resources in the project, mainly 
water and energy, with a focus on eco-efficiency and environmental impact . 

In this sense, mapping sustainable development in project management processes 
and knowledge areas exposes the various opportunities for the insertion of 
sustainability guidelines in the most varied project management processes (Eid, 2009). 
In addition, the responsibility for sustainability may be different from one project to 
another, but the project manager always plays a decisive and/or influential role, being 
responsible for the effective implementation of sustainability (Silvius & Schipper, 2014). 
When implemented in projects, sustainability assessment processes need to: 
Encourage project managers to consider potentially sustainable initiatives; consider 
interdependencies and seek multiple reinforcement gains across all fronts; specify the 
sustainability decision criteria and the trade-off rules for specific contexts (Gibson, 
2006). 

In order to implement sustainability in the construction environment, it is necessary 
to identify the demand for knowledge about environmental management in the project 
and to apply it, for example: in the planning of the scope, one must take into account 
the consequences that the project will bring to the environment in its surroundings and 
what changes in scope may be a viable option when a negative environmental impact 
is identified; and the inclusion of environmental management as an area of knowledge 
in the Project Analytical Framework (EAP).  

Works and buildings projects, for example, take economic, social and 
environmental aspects into account in order to balance them. Figure 1 outlines the 
implementation structure of sustainability through three objectives to be followed 
(resource conservation, cost efficiency and human adaptation design) and their 
respective strategies. 
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Figure 1. Implementation structure of sustainability in construction. Source: Adapted from 

Akadiri et al. (2012, p. 131). 

These objectives are largely met by green buildings or “Green Buildings”. They use 
resources such as energy, water, materials and soil more efficiently, invest in natural 
light and better air quality, thus raising the quality of life of their inhabitants (Kats, 2003). 
As natural resources are limited and their use must be treated with caution, one must 
choose to use renewable materials (Halliday, 2008). 

To this end, some initiatives must be taken, such as: The development of energy-
efficient technological processes; Use of non-toxic and durable materials; Rainwater 
collection systems; Landscaping projects with low water demand; Implementation of 
water reuse projects; Adaptation of existing constructions; Insertion of construction 
project close to existing infrastructure, among others (Akadiri et al., 2012). 

Finally, resource efficiency, human adaptation design, and cost efficiency form a 
framework for integrating sustainability principles into construction projects from the 
conceptual stage, in order to reduce these damaging impacts of construction on the 
environment and achieve sustainability in industry (Akadiri et al., 2012). 

3 Methodology 
The methodological approach used was a systematic review of the literature 

associated with bibliometrics, in which the objective is to analyze the literature on a 
particular theme, which in this case is to know the behavior of international scientific 
production related to sustainability in complex projects in civil construction. To this end, 
the Scopus database was consulted, whose basis provides a comprehensive overview 
of scientific production thanks to the number of indexed works. 

Bibliometric presents itself as a relevant procedure for the visualization of scientific 
publication indicators. It is defined by Café & Bräscher (2008, p. 54) as a set of laws 
and principles applied to statistical and mathematical methods aimed at mapping the 
scientific productivity of periodicals, authors and information representation. In addition, 
the bibliometric study was the alternative used in this research because its scientific 
approach allows evaluating the production of articles on a specific theme, identifying 
the academic communities and knowing the networks of researchers and their 
motivations (Chueke & Amatucci, 2015). Among the advantages of this type of study 
are the system of review, originality of the results of the research, availability of 
literature and the more transparent limitation criteria (or rules of analysis) (Glänzel, 
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2003). Two laws of bibliometric were used for the analysis of results, Bradford's law 
and Lotka's law. 

Bradford's law “[...] allows, through the measurement of journal productivity, 
establishing the nucleus and areas of dispersion on a given subject in the same set of 
journals” (Vanti, 2002, p. 153). Lotka's law is based on the law of the inverse square, 
which states that the number of authors who make “n” contributions in a given scientific 
field is “1/n2” of those who make only one contribution, only one contribution amounts 
to more or less 60% (Urbizagastegui, 2008). 

Initially, a systematic search was made to obtain the research sample. For this, the 
Scopus database was used because it has 5,000 authors who publish on the platform, 
more than 71 million indexed documents and 23,700 periodicals, besides the fact that 
in this indexing platform it is possible to search by document, author or affiliation; use 
advanced search, refining results by source type, year, language, author, affiliation and 
others; and has a link to full-text articles that your institution already signs, along with 
other library resources (Elsevier, 2018). Only the Scopus database was used as a way 
of knowing the behavior of the research about the subject of this article contained in it. 
The second stage included the systematic analysis of the literature and bibliometric. 

The systematic search was carried out in May 2018, limited to articles, with the 
terms “project *”, “complex *”, “sustainability”, “building OR civil construction”, where 
the database selected the titles, abstracts and keywords with the aforementioned 
terms, which resulted in 461 articles. Once again, the search was refined to the 
Portuguese and English languages, which made the sample decrease to 331 articles. 

The 311 works forms the first sample of this research, from which bibliometric 
indicators were produced, such as: distribution of publications by year, country, 
research areas, main authors of themes and journals. For the content analysis, a 
filtering note was required. All the 311 abstracts were read with objective the filter those 
with specifically deal with sustainability in project complex. Thus, 131 articles remained. 
The articles in this new sample were read in their entirety, where most of the projects 
that they research, classified as complex, were construction projects. With this 
perception, it was possible to classify according of the proposed flowchart Akadiri et al. 
(2012, p. 131), under which it is exposed in Figure 2. 

 
Figure 2. Methodology of the research. Source: Authors (2019). 
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The analysis of the collected sample was carried out using two software Excel and 
VosViewer. VosViewer is a software for creation and visualization of bibliometric networks. It 
has the text mining function that can be used to construct and visualize co-occurrence 
networks of important terms taken from a database. It was used for the creation of networks 
of keywords and co-citation. Excel was used to create graphs, tables and tables that would 
provide the information needed for descriptive evaluations related to quantity and distribution 
of output, major authors, publications by area of expertise, and major journals. Thus, we 
analyzed the scientific productions and authors most cited in the database. With this, it was 
possible to know these works in full and to describe the methodologies, the study objectives 
and the respective institutions in which the authors are affiliated. 

4 Results 
This session is divided into two. The first presents the bibliometric indicators found 

by the research, analyzing them with the help of graphs and tables. The second session 
presents the percentage and classification of articles, as explained in the methodology. 

4.1 Bibliometric indicators 
Figure 3 shows the distribution of articles production during the years 1987 to 2018, 

totaling 331 documents in the period during which the search was made. The horizontal 
line represents the average number of publications per year (about 10 jobs). During 17 
years, the number of annual publications varies from 0 to 4, having a growth from 2005 
with 6 publications. And in the year 2017 was obtained a greater number of publications 
totaling 45 articles. 

 
Figure 3. Publications by year. Source: Authors. 

The first, and only, publication appeared in 1987 entitled: “Sustainable development of 
fragile lands: The case of extensive livestock production in Africa” by Gow, DD published in 
the journal Agricultural Administration and Extension, in which it has 3 quotes in Scopus. The 
author analyzes the problems associated with long-term sustainable development of fragile 
land in Africa and whether donor international assistance to the extensive livestock sector in 
Africa's semi-arid tropics has failed because of the associated project. 
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In 2013, the number of productions reached 30, showing the interest that the researchers 
had in the subject. For the knowledge of the approaches of these works, Table 2 exposes the 
most frequent theme that the productions approach from 2013 to 2018. 

Table 2. Approaches with higher frequencies per year. 

Year Focus Papers 

2013 
Design of green buildings and technologies related to the sustainability of 
buildings, such as the use of green roofs and solar energy in homes, for 
example. 

30 

2014 

They analyzed the need to include knowledge related to construction 
management and sustainability in higher education of engineers and the 
importance of architecture in the composition of a green project. In addition to 
addressing case studies in which there have been modifications in buildings 
to make them more sustainable. 

36 

2015 
It was highlighted the importance that BIM (Building Information Modeling) * 
has in civil construction to minimize waste and increase project sustainability, 
while others have focused on the challenges in planning more sustainable 
hospitals. 

39 

2016 
They address energy efficiency in buildings as an essential part of 
sustainability in construction and reiterate the importance of architecture for 
green building. In addition to emphasizing the importance of choosing more 
sustainable materials for the realization of more sustainable constructions. 

27 

2017 
They reinforce the importance of BIM for the development of sustainable 
projects and emphasize the importance of the triple bottom line in sustainable 
construction. In addition to reporting the challenges for implementing a green 
building. 

45 

2018 Emphasis on the need to integrate sustainability into construction and a more 
sustainable design in the early stages of a project. 17 

Source: Authors (2019). 
* Building Information Modeling (BIM) or Construction Information Modeling is a 3D visual representation 
methodology that is closer to reality because it considers the various variants of civil construction, making 
project execution more consistent with planning. 

The survey data showed that the United States was the country that most produced 
articles on the subject (24% of the works), followed by the United Kingdom (17% jobs) 
and Australia (25% jobs), according to Figure 4. It presents in the Figure 4 only 
countries with more than 5 publications on the selected topic. 

 
Figure 4. Countries that produced most articles on the topic. Source: Authors. 
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The articles of the United States seek to analyze the impacts of containment works, 
bridges, dams, buildings or any urban infrastructure project. Another research from the 
same country addresses the complexity of implementing sustainability in different work 
environments and seeks educational alternatives as a solution tool. 

Figure 5 shows the areas that published on the theme, with more than 100 works in 
the areas of Social Sciences (23%), Engineering (20%) and Environmental Science 
(19%). 

 
Figure 5. Research Areas. Source: Authors. 

The research database provided 158 authors, of which 138 have only one 
publication and 17 have two publications, according to Figure 6. 

 
Figure 6. Chart of outliers. Source: Authors. 
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Only 3 authors have more than two publications on the sample basis, as shown in 
Table 3. 

Table 3. Authors with more than two citations. 

Authorship  Number of Publications Affiliation Countries 

Bottero, M. 4 Polytechnic di Torino Italy 

Horman, MJ 3 Pennsylvania State Univ. U.S 

Korkmaz, S. 3 School of Planning, 
Design, and Construction U.S 

Source: Authors. 

Although, the results of Table 3 appear to confirm the assumptions of Lotka's law, 
since only a small number of authors have had more than 2 publications. In all, 
sampling provided 157 authors, with only 2% having more than two publications, 10% 
having 2 publications and 88% only 1 publication. 

The most cited article by Marta Carla Bottero is titled: “Decision making and cultural 
heritage: An application of the Multi-Attribute Value Theory for the reuse of historical 
buildings” published in the Journal of Cultural Heritage in the year 2013, in which she 
is co-author with Giulio Mondini, with Valentina Ferretti as the lead author. This work 
has #36 and analyzes the problem of sustainability assessment in cultural heritage 
projects, using the MAVT (Multi-Attribute Value Theory). It carries out a case study on 
the reuse of historical buildings in the metropolitan area of Turin (Italy), exploring the 
MAVT contribution to decision problems in the field of cultural heritage. 

In turn, the most cited article by Michael J. Horman was published in 2005, titled: 
“Continuous value enhancement process” published in the Journal of Construction 
Engineering and Management in which he is co-author, with Michael H. Pulaski as lead 
author. The work aims to integrate sustainable demands into project management 
practices by developing a process-based model for detailing sustainability-related 
project decisions in high-performance civil construction. The methodology used was 
two case studies to determine if the Continuous tool Value Enhancement Process 
(CVEP) was able to systematically identify design solutions that improve project 
performance and increase sustainability levels and has 24 Scopus citations. 

The author Sinem Korkmaz holds the highest citation in the article: “Project delivery 
metrics for sustainable, high-performance buildings” published in the Journal of 
Construction Engineering and Management in 2011, in which he is co-author with David 
R. Riley and Lipika Swarup lead author. The study adopts defined evaluation metrics 
to show descriptively the extent to which relationships and the influence of project 
delivery attributes, such as owner commitment, team integration, and contractual 
relationships, affect the project's sustainability goals. Its methodology is the case study 
and qualitative methods of analysis to evaluate and verify the metrics of project delivery 
at the desired level of sustainability and projects. This article has 30 citations. 

Table 4 presents a summary of works with two or more citations in the database of 
this research and information as: authors, year of publication, article title, periodical, 
objective and method. 
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Table 4. Summary of most cited papers 

Authors/Year Tittle Journal Objective Methodology # 

Ferretti et al. 
(2014) 

Decision making and 
cultural heritage: An 
application of the 
Multi-Attribute Value 
Theory for the reuse 
of historical buildings 

Journal of 
Cultural 
Heritage 

To analyze the 
problem of 
sustainability 
assessment in 
cultural heritage 
projects. 

Case study 4 

Pulaski & 
Horman (2005) 

Continuous value 
enhancement 
process 

Journal of 
Construction 
Engineering 
and 
Management 

Integrate sustainable 
demands into project 
management 
practices through a 
process-based model 
to detail sustainable 
decisions in civil 
construction projects. 

Case study 3 

Swarup et al. 
(2011) 

Project delivery 
metrics for 
sustainable, high-
performance 
buildings 

Journal of 
Construction 
Engineering 
and 
Management 

Show descriptively 
the extent to which 
relationships and the 
influence of project 
delivery attributes. 

Case and 
qualitative 
study 

3 

Azhar & Brown 
(2009) 

Bim for sustainability 
analyses 

International 
Journal of 
Construction 
Education and 
Research 

Investigate the 
feasibility of 
sustainability 
analyzes based on 
BIM. 

Case study 
and semi-
structured 
interviews 

2 

Olinzock et al. 
(2015) 
 

Life cycle 
assessment use in 
the North American 
building community: 
summary of findings 
from a 2011/2012 
survey 

International 
Journal of Life 
Cycle 
Assessment 

Clarify the state of the 
knowledge of life 
cycle assessment in a 
population and 
understand the 
benefits and 
perceived barriers to 
its application. 

Literature 
review 2 

Capolongo et al. 
(2015) 

Healthcare 
sustainability 
challenge 

Green Energy 
and 
Technology 

Define solutions and 
strategies for 
operating hospitals or 
sustainable green 
projects, in which 
sustainability applies 
to the main macro 
areas. 

Case study 2 

Thomas-Alvarez 
and Mahdjoubi 
(2013) 

Testing the 
effectiveness of a 
web-based portal 
system for the 
building control 
sector 

Automation in 
Construction 

Report the content, 
design and 
functionality of a 
portal for the building 
control industry. 

Comparative 
study 2 

Ferretti et al. 
(2014) 

Decision making and 
cultural heritage: An 
application of the 
Multi-Attribute Value 
Theory for the reuse 
of historical buildings 

Journal of 
Cultural 
Heritage 

To analyze the 
problem of 
sustainability 
assessment in 
cultural heritage 
projects using the 
MAVT (Multi-Attribut 
Value Theory) 
approach. 

Case study 2 

Sepe (2010) Place identity and 
placemaker: 

Journal of 
Urban 

It illustrates the 
method of site 
indicator analysis and 

Software 
analysis 2 
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Authors/Year Tittle Journal Objective Methodology # 
Planning the urban 
sustainability 

Planning and 
Development 

investigates the 
construction of 
computed indices 
from data and 
symbols related to the 
site identity. 

Gasparro & 
Walters (2017) 

Revealing causal 
pathways to 
sustainable water 
service delivery 
using FsQCA 

Journal of 
Water 
Sanitation and 
Hygiene for 
Development 

Build the building 
regeneration 
alternatives available 
from the multiple 
criteria sustainability 
approach. 

Qualitative 
comparative 
analysis 

2 

Zavadskas & 
Antucheviciene 
(2007) 

Multiple criteria 
evaluation of rural 
building's 
regeneration 
alternatives 

Building and 
Environment 

Classify the building 
regeneration 
alternatives available 
from the multiple 
criteria sustainability 
approach. 

Case study 2 

Source: Authors (2019). 
Note: # is the number of citations. 

Table 5 presents the periodicals with more than four publications and their 
respective Impact Factor (IF). 

Table 5. Major Journals. 

Journals Papers IF 

Sustainability Switzerland 15 2.075 

WIT Transactions on Ecology and the Environment 12 - 

Journal of Construction Engineering and Management 7 2.201 

Architectural Engineering and Design Management 4 - 

Journal of Cleaner Production 4 5,651 

Journal of Environmental Management 4 4.005 

Journal of Green Building 4 - 
Proceedings of the Institution of Civil Engineers Engineering 
Sustainability 4 1,500 

Source: Authors. Note: Impact Factor (IF). 

It is worth mentioning that Impact Factor (IF) is a global metric used in scientific 
journals as a way of evaluating them when accounting for citations received. The higher 
the IF of a journal, the more judicious and rigid will be the evaluation and subsequent 
publication of a work by the authors. For this reason, the Journal of Cleaner Production 
has only 4 publications although its IF is 5,651. 

The largest concentration of articles by periodicals is in the first third, the known first 
zone, thus meeting the presuppositions of the law of Bradford. There is also a 
considerable dispersion of publications in other journals. 

Table 4. Continued… 
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The Sustainability Journal Switzerland aims at promoting advanced studies related 
to sustainability and sustainable development and is published monthly online by 
Multidisciplinary Digital Publishing Institute -MDPI. It has been present in the Scopus 
database since 2009. 

The WIT Transactions on Ecology And The Environment covers research on the 
following subject areas focused on Ecology, Environmental Engineering, Water 
Resources, Air Pollution, Design and Nature, Sustainable Development, Environmental 
Health. The periodical participated in the Scopus database from 2006 to 2015, returning 
in 2017 and continuing until the moment this study was carried out. 

The Journal of Construction Engineering And Management publishes research 
aimed at advancing the science of construction engineering, harmonizing construction 
practices with theories of design and education, and research in engineering and 
construction management. Work is directed, but not limited to, the topics of: 
construction material handling, equipment, production planning, specifications, 
scheduling, estimating, cost control, quality control, labor productivity, inspection, 
contract management, management construction, computer applications and 
environmental concerns. It has been with Scopus since 1982. 

Present in the Scopus database since 2005, the journal Architectural Engineering 
and Design Management addresses specific topics about architecture technology, 
engineering design, performance and project management, highlighting interfaces 
between them and bridging the gap between architectural abstraction and engineering 
practice. 

The Journal of Cleaner Production is a transdisciplinary journal focused on the 
research and practice of Cleaner, Environmental and Sustainable Production. It has 
been with Scopus since 1993. 

The Journal of Environmental Management is geared to unpublished peer-reviewed 
research for all aspects of management and managing the environment, both natural 
and artificial. It participated in Scopus in the years 1970, 1973, 1975 and since 1977. 

The Journal of Green Building has been with Scopus since 2006 and publishes 
peer-reviewed articles in the areas of engineering, architecture, construction, 
construction management, construction science, facility management, landscape 
architecture, interior design, urban and community planning, and all disciplines related 
to the built environment. 

Proceedings of the Institution of Civil Engineers Engineering Sustainability 
publishes research on the search and implementation of sustainability principles 
through engineering planning, design and application. It has been in Scopus since 
2004. 

Figure 7 shows the co-occurrence network of keywords of the articles in the sample. 
In it, the size of the nodes indicates the frequency of occurrence and its co-occurrence 
in the quantity of publications. In addition, the distance from one node to another 
represents their relationship, for example, the further one node is from the other, the 
less relationship they will have. 

As a limiting criterion, at least 5 occurrences of the keywords were used in the 
articles in the study database, leading to 90 nodes, organized into 6 different clusters. 
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Figure 7. Co-occurrence of keywords. Source: Authors. 

Cluster 1 distinguished by the color Lilac has “sustainable development “as the word 
of greatest frequency, and the other presents denote that the group is directed to 
researches that analyze the socioeconomic needs of the community through projects 
of the construction industry. On the other hand, cluster 2 (Green), where sustainability 
is more prominent, demonstrates that the group is focused on maintaining and 
balancing the triple bottom line of sustainability by showing words such as: “energy 
effiency”, “environmental impact”, “impact assessment”, among others. The keywords 
of cluster 3 (Red) denote research (using as methodology case studies) aimed at health 
and quality of human life. Cluster 4 (Dark Blue), exposes sustainable building trends, 
geared towards green project buildings and the application of ecological strategies to 
construction works. Cluster 5 (Light Blue) is directed to the learning and teaching on 
issues related to climate issues. Finally, Cluster 6 (Yellow) shows the names of 
countries, possibly the places where case studies were carried out, and words that 
denote the need for urban planning. 

4.2 Classification of articles 
The summaries of the 331 articles in the sample of this research were read to 

evaluate those that relate sustainability to complex construction projects, since, as 
shown in Figure 5, other areas of knowledge are contained in this sample. After the 
evaluation by the abstracts, 131 articles were selected and read in full. Of these 131, 
94 were the most related to the topic and could be classified (according to Figure 1) in 
agreement with Akadiri et al. (2012, p .131). Table 6 shows such classification. 
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Table 6. Percentages in strategic objectives. 

Strategic Objectives of Sustainable Construction % 

Environmental Resource Conservation 

Energy conservation 18 

Conservation of Materials 9 

Water Conservation 12 

Soil Conservation 7 

Economic Cost Efficiency 

Initial cost 18 

Cost in Use 11 

Recovery Cost 9 

Social Human Adaptation 
Project 

Protect Health and Comfort 10 

Protecting Physical Resources 7 

Source: Authors. 

As shown in Table 6, in the environmental category, it was observed that the 
research mainly addresses issues of increasing scarcity of raw materials, ecosystem 
impacts caused by the sector, pollution and solid waste generation. Search also means 
to mitigate the waste of energy in the treatment and improvement of these resources; 
therefore, it is noteworthy that most of the articles are in the “Resource Conservation” 
(with the subcategory “Energy Conservation” holding most of articles). 

In the economic sphere, priority has been given to the formulation of cost reduction 
techniques, since with increased competition in the sector observed in the last decade, 
costs become one of the main market differentials. The authors treated the initial costs 
as the most important topic, exemplifying us with techniques such as: the rental of 
machines, outsourcing of services and acquisition of strategic services, which directly 
affect the reduction of the final costs of the work. It was noted that the use costs feature 
a rise scenario in the sector mainly due to self-sustainability trend in the works. 

In the social field, prevalence was found in addressing issues inherent to the 
improvement of the local environment, efficient communication, safety and the 
reduction of discomfort and disturbances. These measures are taken to promote 
efficient services that can meet the needs of customers seeking building projects. In 
other engineering projects, researchers address the consequences that large works 
(such as bridges, highways and dams) can bring communities, whether positive or 
negative. 

The energy conservation subcategory was the most observed (18%), revealing that 
the construction of works aimed at the preservation and protection of energy resources 
are on the rise. Then, water retention (12%) whose related issues mainly emphasized 
the coastal regions and maintenance materials (9%), which showed an improvement 
in the application of renewable raw materials in the industry. Soil conservation (7%) 
occurred through the implementation of containment works. 

Works with lower initial cost corresponded to the greater concern of the sector in 
relation to cost efficiency (18%), based on the application of several concepts such as 
just - in-time and lean construction, jobs that prioritized the reduction. The costs of use 
are the second most observed subcategory (11%), showing a growing concern about 
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lower operating costs in the long term. The constructions referring to recovery costs 
are the last subcategory (9%), works with this mainly related to the costs for re-
adaptation of works with high added social value. 

The work related to health protection and comfort, correspond to the subcategory 
most observed in the social aspect (10%), with the hospital and social works approach 
being the most observed, the protection of physical resources (7%) mainly addressed 
issues of social adaptation to better conservation of works. 

Of the 34 articles not contained in Table 6, 21% of these were not found until the 
time of publication, the 79% remaining after complete reading research did not meet 
the requirements. 

5 Conclusions 
The objective of this work was to analyze the publications that correlate complex 

projects and sustainability, through a bibliometric and systematic literature review and 
answer the following research question: How is the international scientific production 
characterized on complex related projects to sustainability? 

Despite the growth of environmental movements and UN actions (such as the 
Stockholm Conference in 1972), the first publication on the subject emerged only in 
1987, almost two decades later in relation to the Conference. In addition, only since 
2006 we have more than 10 publications per year and a considerable growth in 2012, 
showing that this theme is emerging. 

The United States stands out when it comes to research related to sustainable 
construction projects. The results of this study showed that the country has the highest 
number of publications on the subject and the authors who occupy the second and third 
places in the ranking of most cited authors are also affiliated with American institutions. 
This may be related to the number of green buildings in the country with Leadership in 
Energy and Environmental Design certification - LEED, in which the country also leads 
the world ranking. 

LEED has its effective implementation by the year 2000, which may have directly 
influenced the research related theme. It was noted that the number of articles 
published in Scopus from the beginning of the 21st century has continued to grow, with 
slight variations, and in 2006 the number of publications increased considerably 
compared to previous years. It should be added that the research areas with more 
publications identified here are exactly those that the Triple Bottom Line is more present 
(Social Sciences, Engineering and Environmental Science) and they give subsidies for 
the criteria for obtaining LEED certification. 

In addition, the research methods analyzed are, for the most part, case studies, 
showing that the studies developed are related to the industry's interest in investing in 
green technologies. This fact also exposes the influence that project managers have in 
seeking sustainable solutions, both in the construction itself and in encouraging new 
research on the subject. 

Through the analyzed literature, it was perceived that sustainability must meet the 
economic, social and environmental criteria and that the maintenance of the balance 
of these three aspects is loaded with barriers. The difficulties encountered are mainly 
related to short-term economic issues, such as dynamizing space in ways that favor 
the quality of life of its occupants, the need for information and the amount of 
uncertainties. 
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In addition, although the case studies presented in Table 4 are directed to the 
construction of buildings, it is worth remembering that the complexity of projects is 
present in other types of works, and that for the application of sustainability in their 
portfolios, managers must take into consideration: the strategic alignment of the 
organization; integrated management of resources; the scope definitions; the creation 
of evaluation criteria for performance; and good stakeholder management. 

Finally, the results of this research are limited to study the articles present in the 
selected base, Scopus, not addressing research present in other national databases. 
For future work, the research could involve other indexing platforms and analysis of 
scientific papers in other languages. 
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