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Abstract: This paper aims to analyse the perception of the city of Recife’s
local market regarding the main barriers that inhibit the adoption of sustainable
practices and the main drivers that influence the decision to use sustainable
design and construction practices. The survey research was conducted using
two questionnaires: one applied to 66 professionals in the fields of architecture,
engineering, and construction, and another applied to 55 residents. The results
to professionals showed that the lack of knowledge and awareness on how to
design a sustainable project is the most critical barrier identified. In relation to
the public, it was noticed that despite the insecurity regarding the concept of
sustainable construction, there is a market demand for sustainable projects in
Recife — PE. This paper, therefore, contributes to expanding the knowledge
about the factors that either foster or hinder the implementation of large-scale
sustainable practices in the construction industry.
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1 Introduction

The construction industry has a significant impact on the environment, economy, and
society (Darko et al., 2017). On a global scale, this sector consumes approximately 40%
of total energy production, 32% of non-renewable and renewable resources, 12-16% of
all available water, 40% of all raw materials, 25% of all wood, emits 35-40% of CO2 and
produces 30—40% of all solid waste (GBCA, 2006; Son et al., 2011; Berardi, 2013).
Given the impact exerted by the construction industry on the environment, the adoption
and implementation of sustainable construction practices are considered key strategies for
minimising the negative impacts of such activities (USGBC, 2003; Zhang et al., 2011).

When applied to the construction industry, ‘sustainability’ can be defined
as the practice of developing and using more resource-efficient construction models,
including the aspects of construction, renovation, operation, maintenance, and demolition
(Qian et al., 2016). Hence, sustainable construction practices include approaches that
allow the reduction of impacts, such as minimising water and energy consumption and
the production of waste (Qian et al., 2016; Darko et al., 2017; Li et al., 2021).
Consequently, that minimises their impact on the environment (Darko et al., 2018; Yas
and Jaafer, 2020; Marsh et al., 2020) and enhances the user’s quality of life (Olanipekun
etal., 2017; He et al., 2018; Fan and Wu, 2020).

Several studies have been conducted to understand which drivers have the ability to
stimulate sustainable construction and which barriers inhibit the adoption of sustainable
practices in the sector (Darko et al., 2017). However, these studies are based on
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sustainable approaches implemented in various locations around the world, which have
different social, economic, and environmental realities than those found in the city of
Recife — PE, located in the Northeast of Brazil.

The challenge faced by sustainability in Recife is attributable to the combination of
its characteristics of environmental and geographical vulnerability, with a social and
economic reality that is marked by high inequality (Diario de Pernambuco, 2016). As a
coastal city, it is located at sea level and is also surrounded by bodies of water such as
rivers and wetlands, which tend to put the city at constant risk of flooding due to rising
sea level and strong storms (Bai et al., 2019). This situation is like those of cities such as
Venice in Italy, New York in the USA, and Shanghai in China (OECD, 2007).

In addition to the geographic characteristics that exacerbate the city’s vulnerability,
Recife has undergone an accelerated, disorderly urbanisation process and has a high
occupation rate in risk areas — such as slopes with more than 70 degrees of declivity
which is extremely inadequate and dangerous situation that can also be found in other
Brazilian cities such as Rio de Janeiro, Sdo Paulo, Salvador, and Belo Horizonte (Ribeiro,
2008; PBMC, 2016).

Considering this, the following question arises: which sustainability barriers and
drivers would be more in agreement with the particularities of Recife — Pernambuco and,
therefore, would be more likely to be successfully applied on a large scale in the city?
Thus, conducting a study focused on Recife is particularly important, timely and essential
to enrich knowledge about sustainable construction approaches and ensure their
agreement with the local market.

This is a worthwhile effort, since in recent times the implementation of sustainable
construction practices has been incorporated as a part of international strategic agendas
(WORLDGBC, n.d.). Considering that there are several issues surrounding the
implementation of sustainable practices in the construction sector, it is valid and
extremely necessary to carry out a comprehensive investigation into their applicability
and acceptance by the local market.

Hence, this paper aims to analyse the perception of Recife’s local market in relation
to the main barriers that inhibit the adoption of sustainable practices and the main drivers
that influence the decision to use sustainable design and construction practices. To
understand these issues and their real applicability and acceptance in the city, two
questionnaires were applied to stakeholders in the AEC sector (architecture, engineering
and civil construction) in Recife — PE. One questionnaire applied to professionals in the
fields of architecture, engineering, and construction (AEC) and another applied to
residents of Recife — PE, who represented the city’s general public.

This paper’s relevance and applicability to the capital city of Pernambuco also derives
from the fact that it occupies the 16th position in the ranking of the most vulnerable cities
in the world and has constantly felt the impacts of climate change (ICLEIL, n.d.). Recife’s
geographical setting makes it prone to frequent occurrences of floods, landslides,
communicable diseases, strong heat waves, meteorological droughts, and rising sea
levels, all of which result from the effects of climate change (Patz et al., 2004).

From this perspective, the findings of this paper not only contribute significantly to
the existing knowledge about sustainability applied to the construction industry, but also
manage to merge and implement such knowledge to the reality of the city of Recife. In
this way, it is also possible to replicate this study in cities with geographic and
socioeconomic characteristics like Recife and, potentially, minimise the vulnerability of
these cities to climate change. Thus, this paper makes a significant and in-depth
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contribution on the main factors that may influence the adoption of large-scale
sustainability practices in Recife — PE, which can encourage decision makers to
effectively implement sustainability in the AEC sector.

To promote and make informed and assertive decisions about implementing
sustainability practices efficiently and effectively, stakeholders can focus and act on
results with high-ranking factors, or values, and therefore of high importance,
significance and relevance. Furthermore, this paper provides an opportunity for local
organisations and professionals trying to enter the sustainable construction market to gain
international and local insights into the sustainability market.

2 Theoretical basis

This section sought to identify, through the international literature, the most relevant
barriers, and drivers to sustainable construction worldwide.

2.1 Barriers to sustainable building

Sustainable buildings are considered as one of the solutions to reduce the negative
impacts of construction, becoming a growing trend in recent years (Fan and Hui, 2020).
Despite the several benefits offered by sustainable buildings, some barriers to their
adoption can be perceived as factors that hinder or even prevent the implementation of
sustainable building practices altogether (Fan and Wu, 2020).

Understanding what the real obstacles are (named ‘barriers’ in this paper) that prevent
the sustainable construction market from growing and expanding is crucial to help find
effective ways to overcome them. Several researchers and professionals are constantly
investigating the barriers that hinder the use of sustainability in construction, as shown in
Figure 1.

Figure 1 Barriers to sustainable building

Economic barriers;

Barriers related to the professionals’lack of preparation;

m’ | Barriers related to inconsistency in policies, legislation and
legal framework;

H H Barriers related to the lack of objective requirements,

methods and standards;

Barriers related to resistance to change by society and
professionals in the AEC sector.
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Source: Adapted from Oliveira and Melo (2021)

The economic barriers, which range from a lack of financing to the issue of high initial
costs and long payback period (Zhao et al., 2016; Wang et al., 2018; Yas and Jaafer,
2020). It has also been observed that the Barriers related to education and a lack of
preparation of professionals are extremely relevant and detrimental to a greater
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acceptance of sustainability in the construction industry (Durdyev et al., 2018; Tokbolat
et al.,, 2019; Marsh et al., 2020). The situation is even worse when considering the
Barriers related to the inconsistency of policies, legislation, and legal framework
(Deng et al., 2018; Sharma, 2018; Cohen et al., 2019).

These, in turn, are related to another group of barriers, the critical Absence of
objective requirements, methods and standards related to the topic (Darko et al., 2018;
Shan et al., 2017; Isa et al., 2018). Consequently, all these barriers cause a Great
resistance to change, both on the part of society and professionals in the AEC sector
(Murtagh et al., 2016; Yin et al., 2018; Darko et al., 2018).

While the merits of sustainable practices applied to construction greatly benefit
human health and environmentally and economically sustainable development,
sustainability still faces many challenges and barriers in its market penetration, as there
are diverse concerns and reluctance regarding its implementation and full understanding,
as seen above. In this way, it was necessary to better understand the barriers to the
implementation of sustainable practices to find ways and means to overcome them. Next,
it is possible to observe how some of the barriers mentioned above are overcome through
drivers and, also, how other drivers appear in the literature, to promote sustainable
construction.

2.2 Drivers to sustainable construction

Another important point to be considered in this paper pertains to the drivers capable of
fostering the sustainable construction market. Drivers can also serve as incentives to
correct external costs, provide information, reduce investment risk, and accelerate the
pace of sustainability adoption (Qian et al., 2016). To function as drivers, incentives must
be attractive to firms and administratively easy to handle for the government to
implement. Figure 2 presents the main drivers to sustainable construction.

Figure 2 Drivers to sustainable construction

c’&’ Project-level drivers;

Economic and financial drivers;

Corporate drivers;

Government regulations;

Standards;

Personal motivations;

Education and the lack of environmental awareness.

SEIEION A

Source: Adapted from Oliveira and Melo (2021)

It has been found that to stimulate the sustainable construction market there are the:
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1 Project-level drivers, which are those related to the consequential benefits of
adopting sustainability in a project (Teng et al., 2016; Zhao et al., 2019; Fan and Wu,
2020).

2 Through the literature it is also possible to identify the group of government
regulations, which argue that government commitment to the sustainable cause is
one of the most efficient ways to promote sustainability (He et al., 2018; Darko and
Chan, 2017; Ofek et al., 2018).

3 Another large group that is easily identifiable is the corporate drivers, which are
strongly linked to a company’s good image and reputation, ensuring competitive
advantage, and demonstrating its commitment to society and the planet. In the view
of corporate strategies, sustainability can be transformed into high profits due to its
strong corporate marketing potential.

4 In contrast to one of the major barriers reported in 2.1, there are the economic and
financial drivers, which serve to compensate companies for the extra costs tied to
implementing sustainable practices (Olanipekun et al., 2017; Kuo et al., 2017; Zaini,
2017).

5 The drivers linked to education and the lack of environmental awareness are
considered a key piece in the acceptance and implementation of sustainability
(Rajaee et al., 2019; Tunji-Olayeni et al., 2020; Agyeum et al., 2020).

6  Standards are also extremely important and act as a driver for sustainable
construction as they can guide and assess project’s sustainability. The availability of
standards can serve as a practical solution to the widespread lack of knowledge about
sustainable building practices and their benefits (Darko et al., 2018; Zaini, 2017;
Darko and Chan, 2017).

7  Personal drivers also function as driving factors and relate to people’s moral
values, which can influence them in their decision to adhere to sustainability
(Olanipekum et al., 2017; Darko et al., 2018; Joachim et al., 2017; Li et al., 2021).

3 Methodology

Scientific research can be classified from several perspectives. According to Miguel
(2018), these classifications are carried out according to their nature, objective, approach
and method. In this way, this paper is classified in terms of nature as applied, due to its
practical character. As for the objective, the paper is exploratory and descriptive, as it is
intended to describe a phenomenon without manipulating it. In terms of approach, the
paper is classified as quantitative, where the method used for data collection was the
survey type, with the application of two online questionnaires, through the Google Forms
platform.

Specifically in the literature on sustainable construction, questionnaire surveys have
been conducted to examine what factors influence the adoption of sustainability in
construction (Lam et al., 2009; Andelin et al., 2015; Forza, 2002). Hence, respondents
received an online questionnaire and were asked to express their responses using a
five-point Likert scale, ranging from ‘1’ (strongly disagree) to ‘5’ (strongly agree). The
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Likert scale is used in research related to the AEC sector to rank the significance of
factors based on expert opinion (Zhang et al., 2011; Qin et al., 2016).
For this paper, two questionnaires were applied:

1 one to the AEC sector professionals working in Recife — PE, representing the supply
side of the local market

2 one to the general public residing in Recife — PE, representing consumers and local
market demand.

Questions were based on the barriers and drivers, hereinafter referred to as ‘factors’, of
sustainable construction, identified through the literature analysis conducted in this
research.

Each of the factors was transformed into questions, so that it was possible to have a
global assessment of them. A questionnaire equivalent to the factors was applied to
professionals in the AEC sector (Appendix, Table Al); while to consumers, another
questionnaire was applied with questions based on factors, with the aim of, mostly,
evaluating the relevance of sustainability for Recife residents and their level of
knowledge on the subject (Appendix, Table A2).

The questionnaire applied to the professionals from the AEC sector contained two
parts. The first part assessed the general profile of the respondents, such as their
profession, how much time they had been in the market and whether they have had any
experience with sustainable projects. The second part assessed the respondents’ opinions
regarding the factors. The respondents were asked to express their opinions about each
factor using a five-point Likert scale going from ‘1’ (strongly disagree) to ‘5’ (strongly
agree).

Before the questionnaire was applied, a pre-test was conducted to test its
understanding and relevance. The pre-test involved two architects, two engineers, and
one administrator. The questionnaire was adjusted based on the feedback from the
pre-test. The questionnaire was distributed by e-mail and Whatsapp to local professionals
from Recife — PE, from the AEC sector, and collected by convenience. The questionnaire
was sent via a Google Forms link to allow online and anonymous responses. Sixty-six
responses were collected from professionals working in Recife — PE, which were
submitted to classification and agreement analyses using the SPSS 17.0 statistical
software.

The questionnaire applied to the public contained 2 parts. The first part evaluated the
general profile of the respondents, such as their gender, age, level of education and salary
information. The second part sought to assess the relevance of sustainability for Recife
residents and their level of knowledge on the subject through factor-based questions.
Respondents were asked to express their opinions through a 5-point Likert scale going
from “1” (strongly disagree) to “5” (strongly agree).

Before the questionnaire was applied, a pre-test was conducted to test its
understanding and relevance. The pre-test involved five people. The questionnaire was
adjusted based on the feedbacks from the pre-test. The questionnaire was distributed via
e-mail and Whatsapp to the public residing in Recife — PE. It was sent via a Google
Forms link to allow online and anonymous responses. The questionnaire collected 55
responses from the local public, which in this research represents the consumer market
(demand). These data were subjected to a descriptive statistical analysis.
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4 Results

4.1 Analysis of the professionals from the AEC sector

The questionnaire applied to professionals in the AEC sector working in Recife — PE
indicated that 35 (53%) respondents were architects, 28 (42%) were engineers and 3 (5%)
were builders. Of the total of 66 professionals, 34 (51.1%) graduated less than 5 years
ago, 6 (9.1%) graduated between 5 and 10 years ago, and 26 (39.4%) graduated more
than 10 years ago. A total of 24 (36.4%) respondents work with projects/construction for
more than 10 years, 21 (31.8%) work in projects/construction between 5 and 10 years and
21 (31.8%) work in projects/construction for less than 5 years.

In terms of knowledge about sustainability, of the 66 professionals, 8 (12.1%)
consider their knowledge on the subject ‘poor’, 18 (27.3%) consider it ‘reasonable’,
17 (25.8%) say they have ‘average’ knowledge and 23 (34.8%) say they have ‘good’
knowledge. None of the respondents said they had ‘excellent’ knowledge regarding
sustainability. Of the respondents, 37 (56.1%) said they had already worked on a project
that implemented sustainable practices and 29 (43.9%) said they had never worked with
sustainable projects. Table 1 presents a compendium of the profile of professionals in the
AEC sector.

To measure the internal consistency between the various factors to assess the
reliability of the five-point scales, Cronbach’s alpha coefficient was used, as it can
measure the correlation between responses to a questionnaire through the analysis of
these responses, presenting an average match between the questions.

Table 1 Profile of the professionals from the AEC sector

Variable Level Frequency Total Percentage
Profession Engineer 28 66 42%
Architect 35 53%
Builder 3 5%
Graduation time Less than 5 years 34 66 51.5%
From 5 to 10 years 6 9.1%
More than 10 years 26 39.4%
Working time with Less than 5 years 21 66 31.8%
projects/construction From 5 to 10 years 21 31.8%
More than 10 years 24 36.4%
Knowledge about Poor 8 66 12.1%
sustainable buildings Reasonable 18 27.3%
Average 17 25.8%
Good 23 34.8%

The Cronbach’s alpha value of this study was 0.881, indicating that the values using the
five-point scale are highly reliable, as pointed out by Freitas and Rodrigues (2005). Once
the high reliability of the items in this study had been determined through Cronbach’s
alpha, the classification and agreement analyses were performed. For this, the data for
each factor are presented as mean (X) and standard deviation (SD) of the mean in
Table 2. These values were submitted to the t-test for statistical significance, considered
when p < 0.05 (p-value).
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Table 2 Ranking of the factors studied
Ranking Question Frequency of the answer Mean S{an.dard Significance
(factor) 1 2 3 4 5 x) deviation (sd)
1 31 0 0 1 8 57 485 0.402 0.000
2 21 0 1 0 10 55 4.8 0.503 0.000
3 4 0 0 0 13 53 4.8 0.401 0.000
4 26 0 0 0 14 52 479 0.412 0.000
5 30 0 0 0 13 53 4.8 0.401 0.000
6 32 0 1 3 9 53 473 0.621 0.000
7 10 0 2 0 15 49 468 0.636 0.000
8 24 0 0 1 18 47 4.7 0.495 0.000
9 28 0 0 3 15 48 4.68 0.559 0.000
10 18 0 0 2 17 47 4.68 0.531 0.000
11 17 0 0 3 15 48 4.68 0.559 0.000
12 0 1 4 15 46 4.6l 0.677 0.000
13 8 0 1 5 13 47 4.6l 0.699 0.000
14 0 2 1 19 44 459 0.679 0.000
15 13 0 2 0 21 43 459 0.656 0.000
16 7 1 0 3 19 43 456 0.726 0.000
17 2 0 0 2 22 42 461 0.551 0.000
18 14 0 1 3 21 41 455 0.661 0.000
19 5 0 2 5 17 42 4.5 0.77 0.000
20 15 1 3 2 18 42 447 0.881 0.000
21 19 0 1 5 22 38 447 0.706 0.000
22 33 0 1 9 17 39 442 0.786 0.000
23 3 0 3 6 19 38 439 0.839 0.000
24 11 0 1 11 14 40 441 0.822 0.000
25 22 0 0 14 20 32 427 0.795 0.000
26 12 1 7 223 33 421 1.031 0.000
27 16 1 1 9 24 31 426 0.865 0.000
28 9 2 8 320 33 412 1.144 0.000
29 20 0 11 4 21 30  4.06 1.094 0.000
30 25 0 6 5 31 24 411 0.897 0.000
31 27 2 100 3 32 19 385 1.099 0.000
32 23 2 11 5 30 18 3.77 1.12 0.000
33 29 1 15 2 31 17 373 1.131 0.000
N 66
Kendall’s W** 0.161
Chi-Square 340.847
df 32
Significance level 0.000

Notes: *T-test.

** *Kendall’s test of concordance.
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The mean score classification technique has been widely used in studies aiming to rank
and determine which factors are the most relevant among a range of factors (Manoliadis
et al.,, 2006; Darko et al., 2018). It is considered a suitable method for testing the
significance and importance among factors (Chan et al., 2003). In this research, the mean
score method was used to analyse the driving factors and barriers to sustainability in the
construction industry, to rank and prioritise the most relevant ones according to the
perception of professionals from the AEC sector of Recife.

Once the mean score (X) method was applied, the SD was also calculated for each of
the questions. Given that the answers were set up on a five-point Likert scale ranging
from ‘1’ (strongly disagree) to ‘5° (strongly agree), a high average (closer to 5) means
that the respondents agreed with the question. In turn, the SD means that the degree of
consensus between the answers to a question. In other words, the closer to 0 (zero) the
result of the SD, the lower the degree of divergence between opinions, meaning that most
professionals responded in a similar way, agreeing with each other.

After the observation of the mean and SD, the t-test was calculated to statistically
verify whether the mean and SD values are significant or not. For this study a p < 0.05
was adopted; the closer the result is to 0 (zero), the greater is the significance of the
factor, i.e., the is greater the significance of the driver or barrier to sustainability (Ferreira
and Patino, 2015).

The nonparametric test known as Kendall’s coefficient of concordance was used to
analyse agreement by factors (Chan et al., 2009). In this way, the study tested whether the
respondent’s agreement among the factors is due to chance or not. Kendall’s W value
ranges from 0 (zero) to 1 (one), where a value of 0 (zero) indicates the absence of
agreement between the factors, that is, the agreement is that which would be expected by
chance and 1 (one) indicates perfect agreement between the factors (Howell, 2012). The
hypotheses tested for the 33 factors studied are presented below:

HO  The rater agreement is due to chance.
H1  The rater agreement is not due to chance.

From Table 2, it was possible to verify that the null hypothesis must be rejected since the
p-value for the 33 factors was lower than = 0.05, i.e., the agreement of the raters is not
due to chance, so one concludes that the respondent’s ratings are associated with each
other with a known pattern. Kendall’s W = 0.161 suggests a slight agreement between the
professionals.

It is recommended that since the number of factors ranked was 33 (N > 33) with a
large sample size (> 66), the observed Kendall’s W significance should be determined by
reference to the distribution of the chi-square (x?) approximation with N — 1 degrees of
freedom (Siegel, 1956). The chi-square test x> = 340.847 with df = 32 indicated that there
is a consensus among the professionals in expressing their opinions with respect to the
ratings of the drivers and barriers to implementing sustainability practices.

An analysis of Table 2 reveals that the average of the factors is mostly close to 5,
which means that most respondents agree with that factor, that is, they agree with the
driver or with the barrier presented. Regarding the SD, Table 2 shows that for most
factors there was a consensus among respondents, with only 6 factors showing a higher
degree of disagreement among respondents.
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Figure 3 Radar chart of the mean of the factors
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Therefore, according to the mean and SD, the factors that deserve highlighting for being
the first ones in the ranking are factors number 31, 21, 4, 26, and 30. On the other hand,
the factors that ranked last also deserve some highlighting, since the lack of agreement
and consensus among respondents can also bring helpful findings. These were factors
number 29, 23, 27, 25, and 20.

It is also possible to observe this through Figure 3, which graphically demonstrates
that most of the answers are in the same range, between scale point 5 and scale point 4.
Therefore, in general terms, it has been observed that most of the respondents agreed with
each of the factors and have formed a consensus.

4.2 Discussion of the results obtained from AEC-related professionals

The t-test of the means indicates that all 33 factors are of high significance. Thus, all of
them are considered critical or valid by the respondents. The first factor in Table 2,
according to the respondents’ ranking, is: ‘I believe that opportunities for innovation and
the development of new technologies in the field of sustainability can promote the
adoption of sustainable buildings’ (mean = 4.85). This is, therefore, considered the most
critical factor in Recife — PE for the implementation of sustainable practices in the
construction industry.

However, as Zhao et al. (2016) have emphasised, the ways in which developers and
other involved agents can innovate in the field of sustainability are still clouded by
limited understanding on the subject. Even so, according to Ofek et al. (2018), the pursuit
of innovation could be associated with the professional image of companies, positively
influencing investments in sustainable buildings since developers may use this image of
innovation and environmental responsibility as a marketing tool.

On the other hand, the factor that ranked last was ‘I know how to improve the water
efficiency of a project’ (mean = 3.73), indicating that the professionals do not agree with
this statement and therefore lack expertise in this aspect.
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Despite being considered one of the most well-known drivers of sustainable
buildings, water efficiency in projects can present some obstacles to its application, such
as more expensive systems and complex planning and construction processes (Ofek et al.,
2018). In any case, knowledge related to practices of water saving and reuse are
extremely important and considered one of the most essential drivers of sustainable
projects (Tokbolat et al., 2019; Yas and Jaafer, 2020).

It is important to note that factors related to the user’s quality of life, as well as
resource savings, such as water and energy, and reduced production of waste ranked high
in the analysis. This translates into the assumption that professionals from the AEC sector
in Recife — PE are aware that sustainable projects present several benefits to users.

This result coincides with those identified in the literature, since several authors
report that the benefits inherent to the correct application of sustainable practices are one
of the major driving factors of this market (Qian et al., 2016; Darko et al., 2018; Fan and
Wu, 2020). Matters that relate to saving resources such as energy and water are attractive
as they represent not only a reduction in pressure on scarce natural resources, but also,
and most importantly, because they represent lower costs from energy and water bills
(Teng et al., 2016). Hence, since these drivers are attractive and appeal to the general
public (market/demand), the approach also becomes attractive to the supply side
(AEC-related professionals) as the selling or resale value of the project becomes higher
(Fan and Wu, 2020).

It is also worth noting that the ‘price competitiveness of sustainable materials
compared to traditional ones’ as well as ‘greater knowledge and availability of
manufacturers and suppliers of sustainable products/materials’ ranked high in the
analysis, which means that AEC-related professionals consider the lack of sustainable
materials in the market with competitive prices to be a huge barrier. This information
aligns with the study conducted by Serpell et al. (2013), which proves that the existence
of sustainable materials suppliers in Chile was one of the most relevant drivers to the
sustainable building market in the country.

An interesting contrast to note is that the factor that ranked first is the consideration
that opportunities for innovation and the development of new technologies in the field of
sustainability can promote the adoption of sustainable buildings. This means that most
professionals in the AEC sector strongly and consensually agree that exploration and a
technological, innovation-fuelled advancement are very important since sustainability is
linked to the use of natural resources, but its implementation is subject to the capabilities
of existing professionals — as shown in the study conducted by Schneider and Spieth
(2013).

The factors that are at the bottom of the list converge with the findings of most of the
authors in the literature, who reveal that the lack of environmental awareness and skilled
professionals are one of the biggest barriers to the implementation of sustainable
practices (Darko et al., 2018). In this research, this can be observed through the factors at
the bottom of the ranking list, revealing that most respondents are unaware of which
project practices can improve the users’ quality of life, which ones can generate less
waste, and how to improve a project’s energy and water efficiency.

Therefore, the efforts of decision makers should, first of all, focus on educational and
training actions to learn about the advantages and implementation of sustainability in
construction. In this way, professionals in the AEC sector will be prepared and confident
in really building in a sustainable way. At the same time, encouraging the trade of
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sustainable materials and suppliers is extremely important so that the sustainable
construction market can really sustain itself.

4.3 Analysis of the public of Recife — PE

The questionnaire has indicated that 33 (60%) respondents were female and 22 (40%)
were male. When it comes to their age, 6 (10.9%) respondents were 18-24 years old,
24 (43.6%) were 25-30 years old, 9 (16.4%) were 31-40 years old, 7 (12.7%) were 41—
50 years old, 6 (10.9%) were 51-60 years old, and finally, 3 (5.5%) were over 61 years
old. Regarding their level of education, 33 (60%) respondents claimed to have
postgraduate studies, e.g., master’s degree or doctorate, 20 (36.4%) have a college
degree, 1 (1.8%) respondent has a high school education or less, and 1 (1.8%) respondent
said ‘other’. None of the respondents has a technical degree.

Concerning their salary information, 3 (5.5%) respondents make less than one
minimum wage, 6 (10.9%) make between 1 and 2 minimum wages, 18 (32.7%) make
between 3 and 4 minimum wages, 12 (21.8%) make between 5 and 6 minimum wages,
4 (7.3%) make between 7 and 8 minimum wages, and finally, 12 (21.8%) make more
than 9 minimum wages. Therefore, this can be considered a diversified sample which is
able to really capture the various particularities of the public located in Recife — PE.
These data can be seen in Table 3.

Table 3 Profile of the public of Recife — PE

Variable Level Frequency  Total Percentage
Sex Female 33 55 60%
Male 22 40%
Age 18-24 years old 6 55 10.9%
25-30 years old 24 43.6%
31-40 years old 9 16.4%
41-50 years old 7 12.7%
51-60 years old 6 10.9%
61+ 3 5.5%
Level of education High school or less 1 55 1.8%
Technical school 0 0
College graduate 20 36.4%
Postgraduate, master’s or doctorate 33 60%
Other 1 1.8%
Salary information Less than the minimum wage 3 55 5.5%
Between 1x and 2x minimum wage 6 10.9%
Between 3x and 4% minimum wage 18 32.7%
Between 5x and 6% minimum wage 12 21.8%
Between 7x and 8% minimum wage 4 7.3%
More than 9% minimum wage 12 21.8%

This section sought to understand the local knowledge and familiarity in relation to the
theme of sustainable construction and to verify if there is a market for sustainable
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construction in Recife, that is, if there is a demand for it. To that end, the questionnaire
(Table A2) was designed to analyse the residents’ perception about the topic. The
answers were submitted to a descriptive statistical analysis. To help in the interpretation
of the answers, a study of the scale frequency, mean, and SD was also prepared for the
answers that were received (Table 4).

Among the 55 answers that were analysed, 38 (69.1%) of the respondents said they
were fully aware of what climate change is, while 15 (27.3%) people said they have
partial knowledge about the subject. 1 (1.8%) person claimed to be only partially aware
of it, and 1 (1.8%) respondent said they were indifferent. Concerning their knowledge
about sustainability, 44 (80%) respondents said they were fully aware of what
sustainability is, 10 (18.2%) respondents said they had partial knowledge on the subject,
and 1 (1.8%) said they were indifferent.

Out of the respondents, 39 (70.9%) totally agreed when asked if they saw
sustainability and the preservation of the environment as important issues, 14 (25.5%)
said they partially agree, and 2 (3.6) said they were indifferent. Most of the respondents
(45 people or 81.8%) said they totally agree with the statement that sustainability and the
preservation of the environment have an impact on their lives, while 10 (18.2%) people
have partially agreed with the statement.

Table 4 Frequency, mean and SD of the answers to the questionnaire on sustainable
construction applied to the public

) Frequency of the answer Standard
Question Mean L
i 2 3 4 5 deviation
1 0 1 1 15 38 4.6364 0.61955
2 0 0 1 10 44 4.7818 0.45910
3 0 0 2 14 39 4.6727 0.54618
4 0 0 0 10 45 4.8182 0.38925
5 0 8 6 27 14 3.8545 0.97026
6 1 1 3 4 46 4.6909 0.81360
7 1 1 1 49 47818 0.73764
8 2 8 5 17 23 3.9273 1.19961
9 0 0 6 4 45 4.7091 0.65751
10 1 3 3 43 4.5636 0.95769
11 14 11 5 14 11 2.9455 1.52046
12 0 1 0 16 38 4.6545 0.58431
13 13 4 4 12 22 3.4727 1.63134
14 5 5 12 13 20 3.6909 1.30345
15 3 5 4 11 32 4.1636 1.22872
16 0 1 2 9 43 4.7091 0.62872
17 0 0 2 1 52 4.9091 0.39781
18 1 0 4 14 36 4.5273 0.79009
19 1 5 2 39 4.4364 1.04993
20 1 2 4 5 43 4.5818 0.91674
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Concerning their knowledge of what a sustainable construction is, 14 (25.5%) have said
they were fully aware of what a sustainable building is, 27 (49.1%) respondents partially
agreed with the statement, 6 (10.9%) said they were indifferent, and 8 (14.5%) of them
partially disagreed with the statement. On the other hand, when asked if they would like
to buy or rent a property that consumes less water and energy, 46 (83.6%) respondents
said they totally agree, contrasting with 1 (1.8%) person who totally disagreed.

Most respondents (49 people or 89.1%) said they would totally agree to buy a
sustainable property if financial incentives existed, such as easy credit for purchase, easy
financing and discounts on taxes, such as Urban Property and Territorial Tax (IPTU).
However, the number of those who totally agree drops substantially (23 people or 41.8%)
when asked if they would still consider buying a sustainable property if its purchase price
was higher than a traditional property, even with the existence of financial incentives.
This is a curious statement and an interesting finding, as most respondents have either
fully or partially agreed with the statement that taking care of the environment is their
responsibility (38 people or 69.1% and 16 people or 29.1%, respectively).

Most respondents (45 or 81.8%) said they would like to understand more about how
they can help preserve the environment, just as 43 (78.2%) of them said they would like
to have more information about sustainable projects and their benefits. The desire and
need for knowledge on this topic are confirmed by the lack of consensus in the answers to
the question regarding the knowledge of the benefits of buying or renting a property that
has sustainability certification; on this matter, 14 (25.5%) respondents said they were
totally unaware of the benefits and 11 (20%) claimed to be only partially aware of them.

Regarding the question whether they knew about the Brazilian National Electric
Energy Conservation Program (PROCEL)/energy efficiency label for appliances, only
22 (40%) totally agreed. Still about energy efficiency, 20 (36.4%) respondents said that
they have most appliances with an A rating on the PROCEL certification. The number of
those interested in energy-saving appliances rises to 32 (58.2%) when asked if they
would consider replacing their appliances if financial incentives were available for this
purpose (e.g., facilitated financing and purchase discounts).

The number of people interested in acquiring solar panels (solar energy production) to
reduce their energy bill if financial incentives were available for this purpose (facilitated
financing and purchase discounts) is higher, with 43 (78.2%) people who said they were
totally interested in it.

The statement with the highest factor of total agreement among the respondents
(52 people or 94.5%) was the belief that the existence of green areas near their residences
would improve their quality of life. Respondents were asked if they considered solar
orientation (East/West) and natural ventilation when either buying or renting a property
and 36 (65.5%) of them said they totally agree, while 1 (1.8%) said he/she totally
disagrees.

Regarding the separation of waste into organic and recyclable, 39 (70%) respondents
totally agreed to separate waste if their building and city had selective waste collection.
Regarding water consumption, 43 (78.2%) respondents said that they would consider
replacing the faucets in their homes for ones that consumed less water if financial
incentives were available for this purpose (facilitated financing and discounts on
purchases).

By analysing the mean and SD of the answers (Table 4), one notices that most
respondents had a high degree of agreement with the statements presented in the
questionnaire, except for questions 11 and 13, which relate to their knowledge about the
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benefits of sustainability certifications and the energy efficiency certification for
appliances. About the SD, one cannot say that there was total agreement among the
respondents, i.e., the questions were given divergent answers. This suggests that the
public of Recife has divided opinions about the factors studied.

4.4  Discussion of the results obtained from the general public

The questionnaire applied to the public living in Recife — PE served to measure the
population’s knowledge and familiarity with the topic of sustainability. It also managed
to examine whether people would be willing to make some lifestyle changes or replace
their traditional equipment for more economical ones.

The results show that although most respondents have a high level of education, a
high percentage of respondents are not completely sure about what a sustainable building
is. This lack of knowledge on sustainable buildings has also been noticed by other
authors, such as Darko and Chan (2017).

Nonetheless, even though most people do not fully understand what sustainable
construction is, most of them would like to buy or rent a property that consumes less
water and energy. This fact justifies the perception of some authors who consider water
and energy savings, associated with a lower cost of operation, as one of the biggest
motivators of the sustainable construction market (Murtagh et al., 2016; Zhao et al.,
2016; Li et al., 2021).

The answers have made clear that most respondents would like to understand more
about how to preserve the environment and, also, to have more information about
sustainable projects and their benefits. The lack of knowledge that was previously
mentioned can and should be associated with people’s eagerness to understand more
about the subject. Therefore, a driver to overcome this obstacle could be found in raising
society’s environmental awareness using conferences, seminars, and workshops, as has
been stated by Portnov et al. (2018).

These facts should be taken into consideration since much of the mistrust aimed at
sustainable projects may be precisely related to the lack of knowledge on the subject and
resistance to change. According to Hwang and Tan (2012), knowledge on the part of
professionals associated with the environmental awareness of society increases the
sustainable construction market.

In the content of the responses to the questionnaire, it is noticeable that some
replacements of household appliances and behavioural changes would be well accepted if
there were some incentives, such as financial ones, assisting in the purchase of
sustainability-minded appliances such as economical faucets, for instance. As highlighted
by Darko et al. (2018), energy efficiency decreases not only the pressure on natural
resources, but also considerably decreases the monetary value to be paid on energy
consumption in the operation of projects, which ends up adding value to the end user and
the developer.

Awareness on the production of waste and recycling has been highlighted as an
important driving factor for a sustainable future (He et al., 2018), and it has been
observed through this survey that the population of Recife would also be willing to
recycle their waste if there was some sort of support structure, such as selective waste
collection initiatives organised by each building and the city.

Therefore, those who are involved in this discussion could first define a facilitating
mechanism for necessary adaptations such as replacing appliances and plumbing fixtures
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since, according to this survey, the population of Recife is willing to make the necessary
modifications on the condition that there is some assistance with the costs. It would also
be relevant to define logistical operations to facilitate selective waste collection, since
most respondents would be willing to adopt it.

Crucially, important actions to foster the sustainable construction market should
relate to the organisation of educational efforts to raise the population’s awareness about
climate change, sustainability, and sustainable construction and consumption. The
construction market in Recife will only be able to thrive through public awareness of
environmental issues coupled with the dissemination of knowledge about the advantages
of sustainable construction (Hwang and Tan, 2012).

5 Conclusions

Sustainability represents a broad and necessary mission in the construction industry,
incorporating holistic issues such as environmental preservation, economic prosperity, as
well as social responsibility. The adoption of a sustainability paradigm in the construction
industry is therefore critical, as it aims to reduce the industry’s harmful impact.
Increasingly in recent times, this topic has drawn the attention of decision makers and
various other stakeholders in countries around the world (Sev, 2009).

With the purpose of accelerating and assisting the adoption of sustainable
construction practices, this research aimed to analyse the perception of the local market
about the main barriers that inhibit the adoption of sustainable practices and the main
drivers that influence the decision to use sustainable projects and construction practices.
This objective was achieved through a theoretical foundation meant to help investigate
the main drivers and barriers to sustainable construction, which was then followed by the
application of two questionnaires aiming to analyse the perception of Recife’s local
construction market.

The understanding, classification and ranking of the questions that were asked
(factors) allow those who are interested in this discussion, especially policy makers, to
understand what are the key points that future initiatives should focus on to stimulate
sustainable construction, aiming for a wider adoption of sustainability in Recife’s
buildings.

With respect to the findings obtained from the survey applied to professionals in the
AEC sector, much of the low adoption of sustainable practices in the city results from the
extensive lack of technical knowledge on the subject. This fact was also confirmed
through the questionnaire applied to the public living in Recife, who represented the
market, since most respondents claim not to have enough knowledge on the subject.
However, both professionals and the public agree that a greater availability of
information on the subject would be greatly beneficial.

The benefits of sustainability, such as water and energy savings, imply great market
attraction, since most consumers have stated that they would like to buy a house that is
water and energy efficient. In contrast, some of the professionals in the AEC sector said
they did not have full knowledge on how to improve the water efficiency of a project, nor
on how to improve the energy efficiency of a project.

This discrepancy generates a dysfunction in the market since there is a demand for
more efficient projects despite the lack of public knowledge about sustainability itself.
However, the supply is limited, since not only these professionals do not have enough
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knowledge on how to elaborate sustainable projects, they also do not believe that there is
a market demand for them. Also, aggravating this situation, there are no well-structured
and disseminated policies on financial incentives for sustainable construction, nor any
sort of assistance for the elaboration of sustainable projects or a wide availability of
companies and manufacturers of sustainable products.

That are several factors which influence and inhibit the implementation of sustainable
practices in the construction industry in Recife — PE. A wide range of barriers and drivers
were identified and examined using a combination of survey methods and the application
of questionnaires. The issues influencing the adoption of sustainability in construction
were further analysed using the technique of ranking and statistical significance, thus
providing a clear understanding of the key issues that should be given priority
consideration in efforts to adopt sustainability in construction.

This research analysed 66 responses from AEC industry professionals and
55 responses from the public. Both samples were collected by convenience and the
findings follow the characteristics of the studied sample, and cannot be generalised, but
can serve as a basis for replication in further research.

The general results of this study present a consensus among professionals in the AEC
sector, as verified by Kendall’s concordance coefficient. The findings reveal that one of
the most favourable ways to promote sustainable construction would be the development
of educational and professionalising actions in sustainability for professionals in the AEC
sector.

The responses from the public reveal that despite the insecurity regarding the concept
of sustainable construction, people from Recife would like to live in an apartment or
house that consumes less water and energy. They are also open to the replacing of
electronic and plumbing devices, in addition to being willing to purchase solar panels to
produce clean energy; if there was funding or any financial assistance to do so. Therefore,
it is noticed, mainly, that although incipient, there is a market demand for sustainable
projects in Recife — PE.

Although the barriers revealed in this study were cited as inhibitors to the large-scale
adoption of sustainable practices in construction, most of them can be offset or overcome
through strategies whose development is based on the ranking of motivators elaborated in
this research. It is hoped that the results of this study can contribute with valuable
information for the formulation of policies in the construction sector and in the
large-scale adoption of sustainable practices. The results contribute to an in-depth
understanding of the main issues that influence the implementation of sustainability in the
sector.

There are some limitations in this research that deserve attention in future work.
Although a ranking has been made of the drivers and barriers of sustainable construction,
it is valid that the analysed factors are reflected in concrete actions that can be
implemented in the management of the city. Therefore, a roadmap capable of guiding the
entire sector along a progressively sustainable path, with actions that must be prioritised,
aiming at increasing the adaptation of the construction sector to climate change, must be
developed.

Among the practical and managerial implications that this study may have, one of
them is to serve as a foundation for the effective structuring of political strategies to
promote the sustainable construction market in Recife — PE. Through the findings
revealed, it is possible to develop action plans or roadmaps capable of guiding the city
towards a sustainable future. The ranking of factors proves to be essential for the
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development of specific actions, which deserve to be treated as a priority, since they are
in accordance with the perception of both professionals in the AEC sector and the public
of Recife. In other words, there is the absorption of the market perception of Recife as a
whole, both on the supply and demand sides. Actions based on the findings of this
research may serve as part of a holistic planning to increase the quality and sustainability
of construction projects in the city of Recife as a whole.
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Assessment of the construction industry market

Equivalence of the questions related to the factors (continued)
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Equivalence of the questions related to the factors (continued)
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