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Abstract: Green buildings (GBs) play an important role in achieving sustainable development goals.
However, the implementation of green technologies in building projects has not reached the desired
level in developing countries such as Turkey because of barriers stemming from country-related
factors as well as factors related to design and construction. The objective of this study was to explore
the barriers to undertaking GB projects in Turkey. A questionnaire survey was administered to
116 construction practitioners to analyze the criticality of barriers to GB design and construction in
the Turkish construction industry. Both descriptive and inferential statistics were adopted to evaluate
the data obtained from the questionnaire survey. The findings suggest that the major barriers that
hinder the adoption of GBs in Turkey are higher construction cost, lack of knowledge about GBs, lack
of an authorized GB rating system, unavailability of GB materials, and inadequate market demand,
whereas longer design time is the least critical barrier. The results of factor analysis indicate that
the barriers to undertaking GB projects can be grouped under five “factors”, i.e., cost- and demand-
related barriers, market-related barriers, people-related barriers, government-related barriers, and
time-related barriers. In light of the results, policy makers and construction practitioners can devise
strategies to promote GBs in Turkey, which can also be valid in other developing countries with
similar socio-economic conditions.
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1. Introduction

Global warming is one of the major problems for humanity, causing a range of changes
in the environment and weather systems [1]. The amount of greenhouse-gas emissions has
a direct impact on global warming [2]. Compared with other industries, the construction
industry is responsible for a significant share of greenhouse-gas emissions [3]. The con-
struction industry in the European Union accounts for 40% of energy consumption and
36% of CO2 emissions [4]. According to the International Energy Agency [5], with 35% of
the total energy consumption and 38% of the total CO2 emissions, the construction industry
ranks first among other industries with respect to energy consumption and greenhouse-gas
emissions. Furthermore, buildings account for 14% of potable water consumption, 30% of
waste output, 40% of raw material use, and 72% of electricity consumption in the U.S. [6].
Moreover, only 75% of the building stock in the E.U. is energy inefficient [4]. To reduce
the negative environmental impact of the construction industry and to achieve sustainable
development, GBs have been designated by researchers as a panacea [7].

GB can be defined as an approach that provides healthier buildings that minimize
negative environmental effects by performing a resource-efficient construction process [8].
Compared with conventional buildings, GBs involve several environmental benefits, such
as saving energy, reducing CO2 emissions, reducing waste, and reducing the consumption
of potable water [9,10].

As energy efficiency is one of the most important criteria for the performance of
buildings, there has been growing interest in the concept of nearly zero-emission buildings
(nZEBs) and passive buildings (PBs). The concept of PB refers to a design standard for
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buildings that maintains thermal comfort with minimal heating and cooling [11]. On the
other hand, an nZEB is defined as “a building that has a very high energy performance,
while the nearly zero or very low amount of energy required should be covered to a very sig-
nificant extent by energy from renewable sources, including energy from renewable sources
produced on-site or nearby” [12]. According to Kang et al. [13], implementations to achieve
nZEBs can be grouped into four categories, including passive design techniques; high-
performance heating, ventilation, and air conditioning (HVAC) systems; high-efficiency
lighting systems; and utilization of renewable energy sources. Both PBs and nZEBs aim to
reduce adverse environmental impacts of buildings [11,14].

GBs not only provide environmental benefits, but they also promote economic so-
lutions (e.g., reducing maintenance costs) and social benefits (e.g., improving indoor air
quality and improving thermal comfort) [1]. Due to these benefits, many countries strive
to undertake many GB projects to achieve sustainable development [15]. Turkey is a de-
veloping country that attaches great importance to GBs to reduce the negative impacts of
conventional buildings. With a total number of 518 certified GBs, Turkey ranks sixth in the
world, but it is still lagging far behind the government’s sustainability goals [16]. Despite
their social, economic, and environmental benefits, there are some barriers to undertaking
GB projects. As indicated in previous research studies [17–19], exploring the barriers to
undertaking GB projects is the key factor for the wider acceptance of GBs.

Turkey is a transcontinental country, located partly in Europe and partly in Asia. With
a population of 84.1 million [20] and a gross domestic product (GDP) of USD 806.804 billion,
Turkey is the twenty-third largest economy in the world [21] but is classified as a developing
country. In terms of purchasing power parity (PPP), Turkey ranks as the eleventh largest
country in the world [21]. The construction sector has vital importance in the development
of the country’s economy, contributing approximately 8–9% of the GDP [22]. Moreover,
it contributes nearly 30% of the overall economy with its direct and indirect effects on
associated sectors [23].

The main objective of this research study was to explore the barriers hindering the
adoption and use of green practices in building design and construction in Turkey and
in other developing countries with similar socio-economic conditions. This research was
performed to answer the following questions:

(1) What are the key barriers to undertaking GB projects in Turkey?
(2) Are there any differences in the perceptions of representatives of public agencies and

professionals employed by private owners relative to the criticality of the barriers to
adopting green principles in building design and construction?

In light of this research, both practitioners and policy makers can devise strategies to
overcome the barriers hindering the adoption of green objectives.

2. Literature Review
2.1. Previous Studies on GBs

Ali and Nsairat [24] described the main purpose of GB as “to create environmentally
efficient buildings by using an integrated approach of design so that the negative impact of
building on the environment and occupants is reduced”. The concept of GB first emerged in
the middle of the nineteenth century [25]. The indoor air temperatures in London’s Crystal
Palace and Milan’s Galleria Vittorio Emanuele II were controlled using passive systems
such as roof ventilators and underground air-cooling chambers [25]. Moreover, deep-set
windows were used in skyscrapers in New York to block the sun in the early twentieth
century [25]. As the first significant concern about energy sources appeared in the early
1970s with the increase in oil prices, there has been growing interest in solar technologies,
energy efficiency, and retrofitting wall insulation for homes and commercial buildings [26].
This interest can be considered an important step of the GB movement. In 1987, the
World Commission on Environment and Development published a report where they first
described the “sustainable development” term [27]. According to this report, “sustainable
development is development that meets the needs of the present without compromising



Buildings 2023, 13, 841 3 of 16

the ability of future generations to meet their own needs” [27]. The GB concept was first
discussed at the Environment and Development Conference in Rio de Janeiro, Brazil, in
1992 [9]. From this year onwards, researchers’ interest in GBs has gradually increased.
Specifically, over the past two decades, GBs or high-performance buildings have been
attracting the attention of both researchers and practitioners. It should be noted that the
terms “green building”, “sustainable construction”, and “high performance building” have
been used interchangeably in previous studies.

There have been various research studies on different aspects of GBs. Several studies
have been performed to reveal the economic, social, and environmental benefits of GBs
(e.g., [28–43]). For instance, Alsulaili et al. [28] used a case study in Kuwait to demonstrate
the benefits of GBs. In this case study, a conventional building was converted into a GB.
The findings revealed that by greening the building, the CO2 emissions, energy waste,
and water consumption dramatically decreased, whereas cost savings and indoor air
quality increased. GB rating systems play an important role in the development of GBs, as
these rating systems assist designers and construction professionals in making informed
decisions about different green alternatives [44]. Consequently, there have been many
research efforts to analyze and compare the different GB rating systems (e.g., [45–57]).
The vast majority of these studies focused especially on the Leadership in Energy and
Environmental Design (LEED) certification, because LEED is the most extensively used
GB rating system in the world. For example, Pham et al. [55] evaluated the selections
performed by the project teams of 222 projects that used LEED New Construction Version
4 (LEED-NC-V4). Since heating ventilation and air conditioning (HVAC) systems have
the largest impact on the energy consumption of GBs [58], several research studies solely
concentrated on applying different optimization techniques to HVAC systems to reduce
the total energy usage of buildings (e.g., [59–65]). For instance, Bichiou and Krarti [59]
presented a study that optimizes the HVAC system of residential buildings by adopting
three different optimization algorithms, such as genetic algorithms, the particle swarm
algorithm, and the sequential search algorithm.

2.2. Previous Studies on Barriers to Undertaking GB Projects

The proliferation of GBs has been hampered by many local and global barriers, es-
pecially in developing countries [66]. According to Chan et al. [67], the number of GBs
cannot reach the desired level unless a thorough examination is performed of the barriers
hindering the proliferation of GBs. One of those studies was conducted by Chan et al. [7],
who investigated the barriers to undertaking GB projects by administering a questionnaire
survey to respondents from Australia, Canada, and the U.S. and found that “resistance
of stakeholders to change from the use of traditional technologies” and “the high cost
of green technologies” were the most critical barriers. Agyekum et al. [68] concluded in
their study that there are eight key barriers to undertaking GB projects in Ghana. These
barriers include “lack of information on existing GBs”, “lack of incentives”, “conservative
nature of Ghanaians”, “lack of active government participation”, “inadequate human
resource”, “lack of awareness of the benefits”, “cost and financing”, and “lack of legal
backing”. Mesthrige and Kwong [69] reported that crucial barriers preventing GB adop-
tion in Hong Kong include “the green cost implications”, “the structural unsuitability of
the current stock of old buildings”, and “the lack of financial incentives”. According to
Azeem [70], the top three barriers impeding the adoption of GBs in Pakistan are “lack of
awareness”, “lack of incentives”, and “lack of regulations”. Addy et al. [71] investigated
the barriers to developing GBs in Sub-Saharan Africa. They summarized that the top
three barriers are “lack of awareness”, “lack of education”, and “lack of fiscal incentives”.
Samari et al. [72] explored the impediments to implementing sustainable building in
Malaysia. They highlighted that “lack of governmental financial incentives” and “lack
of public awareness” are the most important barriers. Olowosile et al. [73] identified the
top three barriers to the achievement of sustainable construction projects in Nigeria as
“unawareness of client”, “overall management action”, “lack of fund”, and “contractual
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procedures”. Samari et al. [74] examined the barriers to GB development in Malaysia. “Lack
of credit resources to cover up front cost”, “risk of investment”, “lack of demand”, and
“higher price” were found to be the top barriers. Tafazzoli et al. [75] divided barriers to sus-
tainable construction in the U.S. into three categories, i.e., owner-related, contractor-related,
and government-related barriers. The most important barrier was found to be “higher
cost of GBs”. Ohiomah et al. [76] investigated the barriers to sustainable construction in
South Africa. They concluded that “higher cost”, “lack of expertise”, and “lack of training”
are the major barriers that hinder the adoption of sustainable construction. According to
Deng et al. [77], the top five barriers impeding the development of GBs in China include
“inadequate incentive mechanism”, “insufficient construction industrialization level”, “lack
of platform to publicize and demo new technologies”, “lack of market recognition”, and
“lack of coordination among participants and between different stages of a GB project”,
whereas according to Arokiaprakash and Kumar [78], who focused on the barriers to the
implementation of GBs in India, the most important barrier was found to be “financial risks
in GBs”. Nikyema and Blouin [66] identified five categories of barriers, i.e., government,
human, knowledge and information, market, and cost and risk barriers, to GB adoption in
Burkina Faso. Durdyev et al. [79] explored the barriers preventing sustainable construction
adoption in Cambodia and found that “lack of awareness and knowledge”, and “reluctance
to adopt new sustainable technologies” were the two main barriers. Shen et al. [80] listed
the top two barriers to GBs in Thailand as “lack of motivation from owners” and “high
initial cost”. Simion et al. [81] identified 14 barriers that prevent the implementation of GBs
in Romania. The top three critical barriers include “higher price of GB materials”, “technical
and technological difficulties”, and “operational risks involved in green procurement and
GB materials”.

The review of the literature shows that many studies, as summarized above, have
investigated the barriers that impede the implementation of GBs across the globe. However,
there has not been a study reported in the literature that particularly focused on the barriers
to undertaking GB projects in Turkey or in developing countries with socio-economic
conditions that are similar to Turkey’s. As Durdyev et al. [19] stated, given the distinct
social, economic, and political characteristics, every country deserves a special analysis of
the barriers to the implementation of green practices in building design and construction.
In addition, the review of the literature also reveals that only a few studies have quantified
the interrelationships among the barriers and grouped them using statistical techniques.
However, grouping barriers provides a clear understanding of the problem and allows
practitioners to devise strategies to overcome these barriers. Therefore, this study aims to
investigate the barriers hindering the adoption of green practices in building design and
construction in the Turkish construction industry. The results of this study may benefit GB
projects undertaken in other developing countries with similar socio-economic conditions.

3. Research Methodology

The methodology adopted in this research included four successive steps, that is,
questionnaire design, data collection, data analysis, and presentation of results.

3.1. Questionnaire Design

According to Arantes and Ferreira [82], designing a questionnaire has great importance
in ensuring survey success. The design of the questionnaire used in this research involved
two steps, namely, a literature review and a pilot survey. This research began with an
extensive literature review to elicit the barriers to undertaking GB projects. As a result
of this review, a list of 17 GB barriers was developed. The potential barriers and the
associated studies are listed in Table 1. This research adopted a quantitative approach,
where close-ended questions were used for data collection. The questionnaire consisted
of two parts: The first part sought to obtain demographic and general information from
the respondents. In the second part, the respondents were asked to rate the degree of
the severity of the 17 barriers presented to them using a 5-point Likert scale, where “1”
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represents never; “2”, seldom; “3”, sometimes; “4”, often; and “5”, always. In a pilot study,
this survey was administered to six experts to assess the appropriateness and applicability
of the questionnaire. As Malmqvist et al. [83] stated, pilot studies can be useful for ensuring
the transparency of survey questions. The expert team consisted of two academics and
four practitioners who had been involved in GB projects for more than ten years. The
experts were asked for suggestions and recommendations relative to the barriers listed
in the questionnaire. The responses were collected and analyzed. The questionnaire was
finalized making the minor modifications suggested by the experts.

Table 1. Barriers to undertaking green building projects.

Barrier ID Barrier Sources

B1 Higher construction cost [68–71,75,78,79,81]
B2 Higher design cost [68,69,71,72]
B3 Higher operation cost [68–72]
B4 Lack of training for professionals [68,76,79]
B5 Scarcity of GB projects [7,17,19,73]
B6 Unavailability of GB materials [7,70,76]
B7 Inadequate green material suppliers [19,76,81]
B8 Inadequate market demand [68–70,81]
B9 Lack of knowledge about GBs [17,70–72,76,77,81]
B10 Lack of expert professionals in GBs [70,77,79]
B11 Inadequate environmental awareness [70,72,75,77]
B12 Lack of government incentives [71,77,79]
B13 Lack of government regulations related to GBs [19,68,76]
B14 Lack of authorized GB rating system [17,68,70]
B15 Longer construction time [7,72,76]
B16 Longer design time [71,72,76]
B17 Risks and uncertainties in the adoption of GB technologies [17,68,70,76]

3.2. Data Collection

Sarvari et al. [84] asserted that data collection is a critical and complicated part of
every survey. The success of data collection greatly depends on the proper selection of the
target respondents. In this research, the target respondents were construction professionals
working in both public and private organizations. A potential target list was created on
the basis of information provided by the Turkish Contractors Association representing the
private sector and by government agencies involved in public construction.

As this research was conducted under pandemic conditions, the questionnaires were
sent to construction professionals with an email that contained a link to a web-based ques-
tionnaire. The questionnaire was sent to 500 randomly selected construction professionals
working in both the public and private sectors. A total of 128 responses were received.
Of these 128 responses, 12 were incomplete and were thus eliminated. In sum, 116 valid
responses were received for further analysis. The rate of response of 23.20% is satisfactory.

3.3. Data Analysis

Statistical Package for Social Sciences (SPSS), Version 23, was used to analyze the
collected data. As per Maree’s [85] recommendation, as a first step, Cronbach’s alpha
coefficient was calculated to measure the internal consistency and reliability of the data on
17 barriers, whose criticality was assessed by the respondents using a five-point Likert scale.
In this research, both descriptive and inferential statistics were used to evaluate the data
obtained from the survey. In the second step, the criticality of the barriers was assessed
by calculating the mean score and standard deviation of the responses. This method is
a popular method and has been frequently used in similar studies [86]. In this method,
the barriers were ranked according to their mean values. If more than one barrier had the
same mean value, the barrier having a lower standard deviation was ranked higher, as
recommended by Le et al. [87]. In the third step, the criticality of the barriers relative to
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different demographic characteristics (i.e., sector, profession, education, and experience)
was evaluated. According to Pallant [88], the Kolmogorov–Smirnov test must be used
to test the normality of the distribution of variables to decide whether a parametric or
non-parametric test should be performed. The result of the Kolmogorov–Smirnov test
revealed that the data on the GB barriers were not normally distributed. Therefore, the
Mann–Whitney U test was used to determine the differences in the criticality of barriers
relative to different groups of respondents. Lastly, in order to obtain fewer factors for the
adoption of GBs, exploratory factor analysis was performed following Aslan et al.’s [89]
recommendation. In this context, preliminary analysis was carried out by assessing the
sample size and calculating the Kaiser–Meyer–Olkin (KMO) and Bartlett’s test of sphericity.
The rotated component matrix was obtained using principal component analysis as an
extraction method and varimax with Kaiser normalization as a rotation method.

4. Results
4.1. Demographic Characteristics of Respondents

Table 2 summarizes the demographic characteristics of the respondents. According
to Table 2, the majority of respondents, 79 out of 116 (68%), were employed by private
organizations, and the remaining 37 were representative of the public sector. Of the
116 respondents, 65 were civil engineers and architects, and 51 were mechanical and
electrical engineers. While 75% of the respondents were bachelor’s degree holders, only 5%
of the respondents had a doctorate. Only 15% of the respondents had less than five years of
industry experience, and 85% had more than 5 years of experience.

Table 2. Demographics of respondents.

Category Property Frequency Percentage (%)

Sector Private companies 79 68
Public agencies 37 32

Profession Civil engineer 39 34
Mechanical engineer 28 24
Architect 26 22
Electrical engineer 23 20

Education Bachelor’s degree 87 75
Master’s degree 23 20
Doctoral degree 6 5

Experience <5 years 17 15
5–10 years 52 44
10–15 years 25 22
>15 years 22 19

4.2. Barriers to Undertaking GB Projects in Turkey

Table 3 shows the ranking of 17 barriers that have been impeding the spread of GBs
according to all respondents, respondents employed by public agencies, and respondents
employed by private companies. When all participants are considered, the mean scores of
the barriers range from 2.29 to 4.32. The top five ranked barriers include higher construction
cost, lack of knowledge about GBs, lack of an authorized GB rating system, unavailability
of GB materials, and inadequate market demand. The three least critical barriers are
higher design cost, higher operation cost, and longer design time. The results showed
that participants perceived higher construction cost as a chief barrier that prevents the
construction of a larger number of GBs in Turkey. This situation can be explained by
two reasons. First, as stated in similar studies, the initial cost of GBs is higher than the
cost of traditional buildings. Furthermore, because most green materials used in GBs are
imported in Turkey, the construction cost of GBs mostly depends on the exchange rate.
Due to unexpected, large, and frequent fluctuations in the exchange rate of the Turkish
currency, GB projects commonly face significant cost overruns. Therefore, construction
owners in Turkey are unwilling to undertake GB projects. Lack of knowledge about GBs
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was considered another important barrier that hinders the adoption of GBs in Turkey by
survey participants. The GB industry in Turkey has only 10 years of history and is still in
its infancy. Most stakeholders in the Turkish construction industry do not have enough
knowledge and expertise in GBs. Therefore, it is not easy to convince them to adopt green
technologies and methods.

Table 3. Ranking of the barriers.

Overall Public Private
Barrier Mean SD Rank Mean SD Rank Mean SD Rank

B1 4.32 0.94 1 4.11 1.22 2 4.42 0.76 1
B9 4.16 1.15 2 4.14 1.18 1 4.18 1.14 2
B14 4.02 1.05 3 4.08 1.06 3 3.99 1.04 3
B6 3.91 1.10 4 3.78 1.13 4 3.96 1.08 4
B8 3.83 0.90 5 3.65 0.98 7 3.91 0.85 5
B5 3.82 1.12 6 3.76 1.19 5 3.85 1.10 6
B7 3.78 1.10 7 3.73 1.17 6 3.80 1.07 7
B17 3.64 1.20 8 3.62 1.21 8 3.65 1.21 8
B13 3.58 1.20 9 3.54 1.19 10 3.59 1.20 9
B10 3.57 1.13 10 3.57 1.09 9 3.57 1.15 10
B4 3.45 1.09 11 3.38 1.16 11 3.48 1.06 11
B11 3.00 1.18 12 2.84 0.93 14 3.08 1.28 12
B12 2.86 1.19 13 2.84 1.24 15 2.87 1.17 13
B15 2.84 1.17 14 2.86 1.16 13 2.84 1.18 14
B3 2.78 1.16 15 2.89 1.22 12 2.73 1.14 15
B2 2.52 1.12 16 2.51 1.26 16 2.52 1.06 16
B16 2.29 1.13 17 2.32 1.25 17 2.28 1.07 17

If a threshold mean value of 3.50 is set for the study, as was performed in a previous
similar study by Olanrewaju et al. [86], 10 out of the 17 barriers qualify as significantly
critical barriers in the Turkish construction industry. These barriers include higher con-
struction cost, scarcity of GB projects, unavailability of GB materials, inadequate material
suppliers for GB, inadequate market demand, lack of knowledge about GBs, lack of expert
professionals in GBs, lack of government regulations related to GBs, lack of an authorized
GB rating system, and risks and uncertainties in the adoption of GB technologies.

These findings are in agreement with previous GB studies conducted in different
countries. Indeed, higher cost was found to be a major barrier to undertaking GB projects
in the U.S., Canada, and Australia according to Chan et al. [7]; in Malaysia, according to
Durdyev et al. [19]; in Romania, according to Simion et al. [81]; in Hong Kong, according
to Mesthrige and Kwong [69]; and in Finland, according to Hakkinen and Belloni [90].
Similarly, lack of knowledge, risk and uncertainties in the adoption of GB technologies,
and market demand were also mentioned by one or more of the above-cited researchers.
Therefore, it is safe to assume that regardless of whether the country is developed or
developing, high cost and limited knowledge are the big obstacles that prevent a larger
number of GB projects from being undertaken.

In order to see the differences between the perceptions of public agency representatives
and professionals employed by private companies related to the criticality of the barriers,
which would help to highlight the critical barriers to GB adoption in different types of
building projects, the Mann–Whitney U test was used to perform a non-parametric test.
The results of the Mann–Whitney U test can be seen in Table 4, which shows that the
asymptotic significance (two-tailed) values for all barriers are higher than the threshold
level of 0.05. Therefore, there were no significant differences between the perception of
public agency representatives and professionals employed by private companies.
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Table 4. Differences in the criticality of barriers according to public agency representatives and
professionals employed by private companies.

Barrier Mean Rank,
Public

Mean Rank,
Private Mann–Whitney U Z Asymp. Sig.

(2-Tailed)

B1-Higher construction cost 54.92 60.18 1329.0 −0.874 0.382
B2-Higher design cost 57.49 58.97 1424.0 −0.232 0817
B3-Higher operation cost 61.54 57.08 1349.0 −0.690 0.490
B4-Lack of training for professionals 56.18 59.59 1375.5 −0.530 0.596
B5-Scarcity of GB projects 57.47 58.98 1423.5 −0.236 0.813
B6-Unavailability of GB materials 54.72 60.27 1321.5 −0.883 0.377
B7-Inadequate green material suppliers 58.04 58.72 1444.5 −0.105 0.916
B8-Inadequate market demand 52.50 61.31 1239.5 −1.425 0.154
B9-Lack of knowledge about GBs 57.62 58.91 1429.0 −0.211 0.833
B10-Lack of expert professionals in GBs 58.50 58.50 1461.5 0.000 1.000
B11-Inadequate environmental awareness 54.41 60.42 1310.0 −0.926 0.354
B12-Lack of government incentives 57.72 58.87 1432.5 −0.179 0.858
B13-Lack of government regulations related to GBs 57.50 58.97 1424.5 −0.226 0.821
B14-Lack of authorized GB rating system 60.97 57.34 1370.0 −0.575 0.566
B15-Longer construction time 59.82 57.88 1412.5 −0.304 0.761
B16-Longer design time 58.24 58.62 1452.0 −0.059 0.953
B17-Risks and uncertainties in the adoption of GB
technologies 57.89 58.78 1439.0 −0.138 0.890

4.3. Findings of Exploratory Factor Analysis

The aim of factor analysis is to reduce the number of variables by grouping them into
a few factors [91]. The initial step in factor analysis is to test the reliability and suitability of
the collected data for further analysis. Our sample size was greater than the sample size of
100 recommended by Aslan et al. [89] and was suitable for factor analysis. Before carrying
out factor analysis, the Kaiser–Meyer–Olkin (KMO) and Bartlett’s test of sphericity were
conducted to evaluate the appropriateness of the data for factor analysis. The results are
presented in Table 5. According to the results, the KMO value is 0.705, which is greater than
the suggested value of 0.60 [92], showing that the obtained data were suitable for factor
analysis. In addition, the value of Bartlett’s test of sphericity is 0.000, which is smaller than
the value of 0.05 suggested by Mapanga et al. [93] and indicates that the correlation matrix
of the variables in the dataset significantly diverged from the identity matrix, which meant
that a data reduction technique such as factor analysis was suitable to use.

Table 5. Results of the Kaiser–Meyer–Olkin and Bartlett’s test of sphericity.

KMO and Bartlett’s Test

Kaiser–Meyer–Olkin measure of sampling adequacy 0.705
Bartlett’s test of sphericity Approx. chi-squared 1080.761

df 120
Sig. .000

Factor analysis was carried out on the 17 barriers to undertaking GB projects in the
Turkish construction industry. Table 6 presents the summary of the rotated component
matrix of the barriers. One out of the seventeen barriers (B17-Risks and uncertainties in
the adoption of GB technologies) was removed, as its factor loading was not greater than
the threshold value of 0.5 as recommended by Hair et al. [94]. According to Table 6, a
total of five factors were extracted out of the 16 barriers. These five factors explained a
cumulative 74.91% contribution to the variance, which is greater than the 60% threshold
recommended by Hair et al. [94]. Table 7 shows the total variance of each factor. These five
factors that impede GB adoption within the Turkish construction industry included cost-
and demand-related barriers, market-related barriers, people-related barriers, government-
related barriers, and time-related barriers.
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Table 6. Summary of the rotated component matrix.

Component

Barrier 1 2 3 4 5

Cost- and demand-related barriers
B1-Higher construction cost 0.521
B2-Higher design cost 0.843
B3-Higher operation cost 0.847
B8-Inadequate market demand 0.598
Market-related barriers
B4-Lack of training for professionals 0.846
B5-Scarcity of completed GB projects 0.927
B6-Unavailability of GB materials 0.943
B7-Inadequate green material suppliers 0.895
People-related barriers
B9-Lack of knowledge about GBs 0.832
B10-Lack of expert professionals in GBs 0.931
B11-Inadequate environmental awareness 0.861
Government-related barriers
B12-Lack of government incentives 0.844
B13-Lack of government regulations related to GBs 0.909
B14-Lack of authorized GB rating system 0.614
Time-related barriers
B15-Longer construction time 0.882
B16-Longer design time 0.889

Table 7. Summary of the rotation sums of squared loadings.

Component
Rotation Sums of Squared Loadings

Total % of Variance Cumulative %

1 3.637 22.73 22.73
2 2.478 15.49 38.22
3 2.232 13.95 52.17
4 2.01 12.56 64.73
5 1.628 10.18 74.91

5. Discussion

In this section, the findings are discussed in detail by comparing them to the findings
of earlier studies published in the literature.

A vast amount of research (e.g., [7,18,19,69,74]) observed that cost is a major hindrance
to the proliferation of GB projects. In line with these studies, with a variance of 22.73%,
this factor (i.e., cost- and demand-related barriers) represented the largest contribution
to the total variance. This factor included four variables, which are higher construction
cost, higher design cost, higher operation cost, and inadequate market demand. The factor
loadings of these items were 0.521, 0.843, 0.847, and 0.598, respectively. As expected, higher
construction cost constituted the most important barrier not only in this category but
also among all barriers. The World Green Building Council’s [95] determination that GB
implementation has increased the design and construction costs between 0.4 and 12.5%
compared with conventional buildings supports this finding. According to Tam et al. [96],
the increase in design and construction costs is caused by the green materials and energy
efficient systems that are used in GBs. Although cost is a great barrier preventing the
proliferation of GB projects [68], several actions can be taken to overcome this barrier.
First, as argued by many researchers (e.g., [19,69,70,97]), the government can provide
financial incentives to GB developers and purchasers. For instance, tax exemptions for
GBs encourage developers and homeowners to turn towards GBs [70]. Second, owners,
designers, and contractors need to be informed in more detail about the costs of GBs as well
as their long-term benefits. While the surveys conducted by Hamad [98] revealed that the
cost of GBs is not as high as perceived by many construction practitioners, Masia et al. [99]
opined that the long-term savings of GBs are much higher than conventional buildings
(by as much as 25–35%) with shorter payback periods). In addition, hiring experienced
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designers and contractors can be an effective way to lower costs [95]. Another important
barrier in this category is “inadequate market demand”. Indeed, Chan et al. [7] stated
that GB technologies cannot be applied to buildings without developer and potential user
demand or interest. In addition, according to Hwang and Tan [100], the demand for GBs
can be increased by informing owners, building users, designers, and contractors about the
benefits of GBs. They also recommended to arrange GB tours for developers and potential
users to educate them about the importance and convenience of GBs [100].

Factor 2 (i.e., market-related barriers) consisted of four variables: “lack of training
for professionals”, “lack of GBs”, “unavailability of GB materials”, and “inadequate green
material suppliers”. The factor loadings of these items were 0.846, 0.927, 0.943, and 0.895,
respectively. With a contribution to the total variance of 15.49%, this factor (i.e., market-
related barriers) explained the second highest portion of the total variance. Aktas and
Ozorhon [101] observed six completed GB projects in Turkey, and they concluded that the
“unavailability of GB materials” is one of the major obstacles to the speedy completion
of these projects. The “unavailability of green materials” and “inadequate green material
suppliers” are major challenges not only in Turkey but also in other developing countries
such as Romania [81] and Pakistan [70]. The reason behind the unavailability of GB materi-
als in Turkey and other developing countries is that green materials and energy efficient
systems are not manufactured locally but are imported from advanced countries [81]. Al-
though some GB materials (such as limestone, granite, marble, and wood products) are
currently manufactured in Turkey, to overcome this barrier, not only GB materials should
be locally produced, but the production rate of these materials should also be accelerated
to satisfy local demand. This would lead to easy access to GB materials and motivate the
project stakeholders to adopt GB technologies in their construction project. Based on the
information collected with the survey, the number of completed GB projects is limited in
Turkey. The scarcity of completed GBs constitutes another critical barrier to the adoption of
green technologies, as existing GBs demonstrate the advantages of green technologies over
conventional buildings relative to indoor air quality, energy efficiency, etc. [19]. A large
number of GBs have to be operational and serve as appealing examples to encourage the
public to consider green technologies and to appreciate the advantages of GBs.

Factor 3 (i.e., people-related barriers) had three variables as follows: “lack of knowl-
edge about GBs”, “lack of expert professionals in GBs”, and “inadequate environmental
awareness”. The loadings of these items were 0.832, 0.931, and 0.861, respectively. This
factor explained the third highest portion of the total variance, with 13.95%. “The lack of
knowledge about GBs”, which is the second most important barrier among all barriers
(see Table 3), was also part of this factor. This finding is consistent with those of several
previously published studies (e.g., [19,81,90]). As the design and construction of GBs is a
new field of study [102] and the number of GB certifications has gone up only recently [68],
stakeholders in construction projects do not have adequate information about GBs nor
about which buildings received green certifications. The results of the survey conducted
by Abidin [103] revealed that the overall knowledge of construction developers about GBs
was between low and moderate low. The finding also agrees with that of the previous
study by Azeem et al. [70] showing the importance of knowledge about GBs in Pakistan.
Particular knowledge that the construction professionals should acquire is that about green
certification systems [104]. Therefore, it is important to educate professionals about the
fundamentals and the certifications of GBs [68]. In addition, technology transfer (TT),
which can be defined as the development of a system that helps to disseminate knowl-
edge, innovations, and improvements to the public [105], can be an effective solution to
increase the overall knowledge about GBs. By integrating the “triple helix” (universities–
industries–governments), countries could predict how they could build a knowledge-based
society [105].

Factor 4 (i.e., government-related barriers) included three variables: “lack of gov-
ernment incentives”, “lack of government regulations related to GBs”, and “lack of an
authorized GB rating system”. The factor loadings of these items were 0.844, 0.909, and
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0.614, respectively. The government has a vital role in encouraging construction owners to
undertake GB projects by setting up the necessary policies/regulations and incentives [69].
When mandatory regulations are created, all construction owners and practitioners are
under pressure to either implement these regulations or suffer the consequences [68]. Since
it is very difficult to change construction practices and move from constructing conven-
tional buildings to GBs, this is only possible with substantial incentives provided by the
government [70]. For instance, the Turkish government has guaranteed a higher price
for renewable energy when the energy investment uses more than a certain amount of
domestic goods [106]. After this declaration, the use of domestic goods in renewable energy
power plants has reached the desired level [107]. Since the main purpose of the project
developers is to make a hefty profit [68], such government incentives for GBs can motivate
them to move forward in the adoption of GBs. Another critical barrier is the lack of an
authorized GB rating system. It is estimated that there are more than 34 GB certification
systems to evaluate the greenness of buildings [108]. The selection of the GB certification
system is one of the major problems for project stakeholders who consider adopting GB
technologies in their construction projects [51]. Although the U.S. Green Building Council’s
(USGBC) Leadership in Energy and Environmental Design (LEED) is the rating system
that is most commonly used worldwide [109], project stakeholders face many problems
when using LEED, since this rating system was not developed for Turkey. For instance, one
of the problems encountered when using LEED in Turkey is that the LEED requirements
are written in English [101]. Since not all members of the project team know English, the
project team is often confused about technical terms and needs expert support to complete
the project [101]. Hence, without an authorized GB rating system that all professionals in
Turkey can understand, the extensive use of GB technologies is difficult to achieve.

Factor 5 (i.e., time-related barriers) consisted of two variables: “longer construction
time” and “longer design time”. The factor loadings of these items were 0.882 and 0.889,
respectively. This factor explained the smallest portion of the total variance, 10.18%. It is
indeed well known that due to their complicated nature, GBs need longer construction and
design time than conventional buildings [95]. For example, Fischhoff [110] showed that
the construction of GBs takes 11% longer than the construction of conventional buildings.
As a result, the average internal rate of return for GB projects is 2.6% lower than that for
conventional building projects [110]. The barriers in this category have a mean value that
is smaller than the threshold value of 3.5, suggesting that the time-related barriers are not
the most important barriers to undertaking GB projects in Turkey.

6. Conclusions

It has been widely discussed that the construction industry has a negative impact
on the environment. GBs can play a vital role in the construction industry in achieving
sustainable development goals. This research aimed to investigate the critical barriers to
the development of GB practices in Turkey. The results reveal that 10 out of 17 barriers are
significant, and the most critical barriers are “higher construction cost”, “lack of knowledge
about GBs”, “lack of an authorized GB rating system”, “unavailability of GB materials”, and
“inadequate market demand”, whereas “higher design cost”, “higher operation cost”, and
“longer design time” are the least important barriers. Additionally, the results show that
there were no significant differences between the perceptions of representatives of public
agencies and professionals employed by private construction companies regarding the
criticality of the barriers. The 17 barriers were later reduced to five factors by carrying out
exploratory factor analysis. These five factors include cost- and demand-related barriers,
market-related barriers, people-related barriers, government-related barriers, and time-
related barriers. It can be stated that the strategies that promote green consciousness and the
reduction in construction cost can have a vital importance in increasing the proliferation of
GB practices in Turkey. Although this study was performed in Turkey, the recommendations
in this research may also be applicable to other developing countries with similar socio-
economic conditions. First and foremost, the government should provide more financial
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incentives to encourage a more extensive use of green technologies in building design and
construction. Second, developers and potential users should be better informed about the
costs and the long-term benefits of GBs. Third, the production of locally manufactured GB
materials should be increased to provide easy access to GB materials. Fourth, existing GBs
should be used to demonstrate the benefits of GBs. Finally, an authorized GB rating system
should be developed by taking into account the characteristics of the country.

The theoretical contributions of this research include (1) identifying the barriers to
undertaking GB projects in Turkey, which may be similar to barriers in other developing
countries with similar socio-economic conditions, and (2) developing a comprehensive
approach that can be used for analyzing the barriers to and drivers of the adoption of GB
technologies in different countries.

The practical contributions of this research include (1) exploring the barriers to un-
dertaking GB projects in Turkey in depth and (2) bringing clarity to the perceptions of
representatives of public agencies and professionals employed by private entities regarding
the criticality of the barriers to undertaking GB projects. In light of the deeper understand-
ing of these barriers, policy makers and construction practitioners can devise informed
strategies to promote green practices in Turkey, which can also be valid for other developing
countries with similar socio-economic conditions. In addition, the depth of the analysis of
the barriers can also inform foreign investors who are willing to invest in GB projects in
Turkey. Once they have deeper knowledge about the GB industry in Turkey, they can make
more realistic investments.

The limitation of this study is the size of the sample. Although the number of par-
ticipants was higher than the recommended value for proper factor analysis, a larger
sample size could have given more realistic results. Future studies could focus on in-
creasing the sample size and providing a more balanced distribution of the respondent
demographic characteristics. This study only concentrated on the barriers to undertaking
GB projects, but future research could also investigate the drivers along with the barriers in
different countries.
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