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Abstract: Green buildings (GB) have been globally adopted for sustainable development by
enhancing the resource efficiency, reducing the operation cost, and improving the building
environment for users. However, little research has systematically explored the key issues of GB in
developing countries. This study has revealed the green technical capabilities and barriers to GB
in Thailand from the perspectives of consultants, architects, and engineers, using a questionnaire
survey and a case study. The results show experience in meeting the combined requirements of the
Leadership in Energy and Environmental Design (LEED) and the green building rating system that
Thailand developed in 2010, Thailand’s Rating of Energy and Environmental Sustainability (TREES),
and “skilled in energy systems” to be the top two most important green technical capabilities. Barriers
to GB mainly arise from financial pressure, technical limitations, and inadequate promotion. “Lack of
motivations from owners” and “high initial cost” are ranked as the top two barriers to green building.
The results collectively reveal that market demand and technological advancement are fundamental
drivers for the GB industry, and the government, economic conditions, education, and corporate
social responsibility are the other stimuli for the industry. The findings can help project participants
adopt appropriate strategies to boost GB in emerging markets in developing countries. Future policies
should focus on increasing market demand, encouraging green technology innovation, and reducing
the cost of development and construction of GB.

Keywords: green building; green technical capability; sustainability; Thailand’s Rating of Energy
and Environmental Sustainability (TREES); developing country

1. Introduction

Green buildings (GB) have been globally adopted for sustainable development by enhancing
resource efficiency, reducing operation cost, and improving the building environment for users [1].
According to the World Green Building Council, a ‘green’ building is “a building that, in its design,
construction, or operation, reduces or eliminates negative impacts, and can create positive impacts
on our climate and natural environment.” [2]. Green building in developing countries in Asia is
especially noteworthy, which is an emerging market with fast development [3]. Thailand is an example
of a developing country with fast-growing GB markets. After reaching free trade agreements with
different countries, Thailand has started to accelerate the development of the GB industry [4]. One of
the rating systems that is widely used to systematically evaluate the performance of GB in Thailand
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is the Leadership in Energy and Environmental Design (LEED), which is one of the leading green
building rating systems in the world [5]. Since the first GB project received certification from LEED
in 2007, 219 projects have been registered with LEED up until July 2018 [6]. In addition to LEED,
Thailand developed its own green building rating system in 2010, called Thailand’s Rating of Energy
and Environmental Sustainability (TREES), which is based on LEED but tailored to the features of
Thailand [7]. The number of green buildings applying for TREES is rising fast, demonstrating TREES’
significant role in Thailand’s GB industry [8–10].

Various studies demonstrate that the development of green buildings deals with broad factors
related to technology, the environment, the economy, society, and management [11–15]. There is no
doubt that GB requires high green technical capabilities and that the adoption of advanced green
technologies can contribute to ameliorating the sustainability performance of buildings. However,
the existence of various green technologies does not necessarily mean that project stakeholders have
the corresponding capabilities to effectively master and apply them to practical projects to achieve
better performance. Furthermore, most previous studies have only regarded green technical capability
as a general factor that affects GB projects rather than considering it as an independent layer for
project teams and analyzing it in detail. Given the availability of a large number of useful green
technologies and limited resources to deliver the project, it is necessary and essential to further
investigate and understand which green technical capability is most critical to deliver successful green
building projects.

Despite the vast technologies that are available to promote the development of GB, there are
also many barriers and risks (e.g., high initial cost), which lead to slow progress in GB practice
and implementation, especially in developing countries. Therefore, understanding the barriers to
GB development in a specific country will contribute to better solutions for GB implementation.
Additionally, existing studies mainly focus on investigating the GB industry in developed countries
and regions [16–20], and little research has explored the above factors on GBs in developing countries.

Therefore, the aim of this study is to systematically investigate the key aspects of the green
building industry in Thailand, and provide a sound basis for a deep understanding of the technical
issues and the barriers to the industry, thereby helping project stakeholders develop appropriate GB
strategies in emerging markets.

2. Literature Review

2.1. Propelling Green Buildings into the Mainstream

Developing GBs has become a global trend for enhancing sustainability by improving energy
efficiency, water efficiency, the use of environmental-friendly materials, and indoor air quality, as
well as reducing stress on the natural environment [21,22]. However, due to perceived higher initial
costs than conventional projects, green buildings’ promotion in markets still faces challenges. High
upfront costs may reduce the green building’s attraction to the public [2], and then affect the market
demand for GB, which is the fundamental driver for developing the GB industry. Propelling GB to a
mainstream market requires all of the project stakeholders to continuously improve their competence
for delivering affordable and sustainable products to the market.

2.2. Roles of Project Participants in Green Building

There are multiple players (e.g., owners, consultants, designers, and contractors) involved in
the process of GB project delivery, as shown in Figure 1. Consultants, as representatives of owners,
have the responsibility to understand the owners’ expectations, determine green building objectives,
and program critical project issues [23]. Designers are required to establish cost-effective design
details, given the owner’s requirements and technical specifications [24]. Contractors are supposed
to execute the project by efficiently utilizing various resources [25]. It is essential that these project
participants have competent capabilities to fulfill the GB project goals [26]. As interdisciplinary



Sustainability 2018, 10, 3585 3 of 17

interactions in complex GB projects become closer and closer, establishing cooperative relationships
among participants to form an integrated project team is also critical [27].

Sustainability 2018, 10, x FOR PEER REVIEW  3 of 17 

 

interactions in complex GB projects become closer and closer, establishing cooperative relationships 
among participants to form an integrated project team is also critical [27]. 

 
Figure 1. Contractual relationships among key project participants (traditional Design-Bid-Build projects) 
and main drivers of green buildings. 

2.3. Green Technical Capabilities 

Project stakeholders’ performance in GB projects largely relies on their green technical 
capabilities. Specifically, the dimensions of green technical capability are related to aspects such as 
energy systems, ventilation, water use, natural light use, landscaping, green roofs and walls, low 
emitting materials, and waste reduction [1]. Green building rating systems such as LEED and TREES 
can serve as a guide for incorporating best-in-class green strategies into project implementation, and 
obtaining certification can raise the profile of industry participants. Thus, experience in meeting 
requirements and applying the certification of the rating systems are indispensable green technical 
capabilities [22]. Innovation plays a key role in enhancing project participants’ green technical 
capabilities [28]. For example, project participants’ innovative application of energy-efficient 
measures such as the use of solar thermal technologies, thermal insulation, low-emissivity glass, 
triple glazing, LED lighting, thermal mass with high ventilation, and reflective coating windows can 
be effective ways to help buildings reduce their energy consumption [29,30]. Integrating the use of 
renewable energy sources (e.g., solar) with compatible designs and advanced technologies such as 
green materials to improve the energy efficiency in heating and cooling is a significant technological 
innovation direction of green building intensification [31]. Technology advancement is another 
fundamental driver to green building development. 

There are still many barriers, such as higher cost, that prevent project stakeholders from 
adopting GB technologies and improving their green technical capabilities. Chan et al. identified 21 
drivers and 12 promotion strategies for adopting GB technologies in construction [32]. According to 
their findings, among the promotion strategies for GB technologies adoption, “financial and further 
market-based incentives”, the “availability of better information on cost and benefits of GB 
technologies”, “mandatory governmental policies and regulations”, and “green rating and labeling” 
ranked in the top four. 

2.4. Drivers for Green Buildings 

Delivering GB projects sometimes involves uncertain activities that cause unexpected hidden 
costs and therefore gain little appreciation among stakeholders in many contexts [33]. The drivers for 
GB projects have been a hot topic for researchers. The major motivations for GB, which include 
rising energy expenditure, green rating systems, competitive advantages and legislation, have not 
significantly changed over time [34]. The research from Windapo also pointed out that the reasons 
for the increase in GB projects were more associated with economic factors than ecological factors. 
As shown in Figure 1, in addition to market demand and technology advancement, government 
support, economic conditions, professional training, public education, and corporate social 

Figure 1. Contractual relationships among key project participants (traditional Design-Bid-Build
projects) and main drivers of green buildings.

2.3. Green Technical Capabilities

Project stakeholders’ performance in GB projects largely relies on their green technical capabilities.
Specifically, the dimensions of green technical capability are related to aspects such as energy systems,
ventilation, water use, natural light use, landscaping, green roofs and walls, low emitting materials,
and waste reduction [1]. Green building rating systems such as LEED and TREES can serve as a
guide for incorporating best-in-class green strategies into project implementation, and obtaining
certification can raise the profile of industry participants. Thus, experience in meeting requirements
and applying the certification of the rating systems are indispensable green technical capabilities [22].
Innovation plays a key role in enhancing project participants’ green technical capabilities [28]. For
example, project participants’ innovative application of energy-efficient measures such as the use
of solar thermal technologies, thermal insulation, low-emissivity glass, triple glazing, LED lighting,
thermal mass with high ventilation, and reflective coating windows can be effective ways to help
buildings reduce their energy consumption [29,30]. Integrating the use of renewable energy sources
(e.g., solar) with compatible designs and advanced technologies such as green materials to improve
the energy efficiency in heating and cooling is a significant technological innovation direction of
green building intensification [31]. Technology advancement is another fundamental driver to green
building development.

There are still many barriers, such as higher cost, that prevent project stakeholders from adopting
GB technologies and improving their green technical capabilities. Chan et al. identified 21 drivers and
12 promotion strategies for adopting GB technologies in construction [32]. According to their findings,
among the promotion strategies for GB technologies adoption, “financial and further market-based
incentives”, the “availability of better information on cost and benefits of GB technologies”, “mandatory
governmental policies and regulations”, and “green rating and labeling” ranked in the top four.

2.4. Drivers for Green Buildings

Delivering GB projects sometimes involves uncertain activities that cause unexpected hidden
costs and therefore gain little appreciation among stakeholders in many contexts [33]. The drivers
for GB projects have been a hot topic for researchers. The major motivations for GB, which include
rising energy expenditure, green rating systems, competitive advantages and legislation, have not
significantly changed over time [34]. The research from Windapo also pointed out that the reasons for
the increase in GB projects were more associated with economic factors than ecological factors. As
shown in Figure 1, in addition to market demand and technology advancement, government support,
economic conditions, professional training, public education, and corporate social responsibility are
also stimuli for GB. The government can play a supplementary role in promoting GB by promulgating
laws and policies on issues such as favorable investment conditions, and sustainable building criteria
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related to energy efficiency, water efficiency, pollution prevention, and the built environment [35].
Research grants and subsidies can be set by the government to encourage academics and practitioners
to embrace green technological innovation [2]. The government can also play a role in improving
the macro economy, which can increase the investment intention of owners and enhance consumers’
purchasing power for GB products [36]. Professional training and public education are important
measures to raise industry and public awareness of the long-term economic, environmental, and
social value of the green building [37,38]. With the diffusion of the sustainable concept, a desire to
demonstrate corporate social responsibility and improve industry image are incentives for owners to
invest in GB to lead the market and win long-term payback [39].

2.5. Critical Success Factors of Green Buildings

A number of empirical studies have been conducted to identify the critical success factors for
GB [16,40–43]. Based on previous research regarding GB in Thailand, critical success factors for
GB can be classified under the following categories: the competence of the project participants,
integration of project team, technical and management innovation, external environment, and project
characteristics [41].

The competence of the project participants refers to the competences of the consultants, contractors,
designers, project managers, and project team regarding GB. It is critical that these project participants
have the capabilities to implement GB projects [24,25]. For example, GB consultants are responsible
for understanding the owners’ requirements, conducting investigation and feasibility analysis to
determine appropriate plans, and providing professional advice regarding the application of GB
standards [22].

Integration of the project team is related to good relationships among participants, communication
among participants, the early involvement of key participants, and support from senior decision
makers. Complex GB projects require close interdisciplinary interactions among participants [44].
Establishing good relationships among stakeholders can contribute to facilitating information sharing
and integrating various resources. Open communication plays an essential role in reducing information
asymmetry and enables project participants to understand each other’s expectations and requirements,
thereby enhancing the competence of the project team for achieving superior performance in GB [43].
Support from senior decision makers, such as by providing money, human capital, and equipment, is
also significant for the successful implementation of GB projects [44].

The external environment consists of the economic and sociopolitical environment such as the
status of the economy, society’s attitude toward green products, and government involvement [41].
These factors can largely determine demand and supply in the GB market, which influences the
development of GB [45]. One example is that if the public is aware of the benefits of green buildings
in saving energy and environmental protection, and they support the GB projects, the GB projects
will be more likely to succeed. The government can also have a critical influence on promoting green
building through tax reduction and financial incentives for green technological advancement, and
public education [40].

2.6. Empirical Research Questions

Although there are many studies that have revealed the status, success factors, and rating systems
of GB, the majority focus on developed countries and regions [15,18,19,21,29], and there is a clear need
to learn the status of GB in developing countries. Thus, the objectives of this study are to systematically
outline the overall picture of the GB industry in Thailand, and provide a sound basis for revealing
the drivers of the industry. Understanding the holistic status can help project participants adopt
appropriate strategies to successfully promote GB in the emerging markets of developing countries.
To achieve this, the relevant themes that need further investigation have been elaborated:

• What is the importance of project participants’ green technical capabilities in Thailand?
• What are the barriers to green buildings in Thailand?
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• What are the actual performances of green buildings in terms of cost, time, and quality
in Thailand?

3. Research Methods

3.1. Data Collection

In this research, both quantitative and qualitative data was collected by two approaches, namely
a questionnaire survey and a case study. The questionnaire survey was conducted to obtain the
quantitative data. The case study was used to validate and interpret the results of the questionnaire
survey. The combination of these two methods can provide the researcher with both broad and
in-depth perspectives that enable understanding the research questions.

Before the questionnaire survey was constructed, phone interviews were conducted with two
professionals who were familiar with LEED and TREES certified projects in Thailand, who both had
more than 15 years of experience in the design and construction industry and also had participated in
more than three green building projects in Thailand. The main purpose of these interviews is to affirm
that the investigative information (green technical capabilities and barriers) in the questionnaire
is appropriate to the objectives and green practice. In the light of their valuable advice, some
inappropriate information was eliminated.

In the process of the questionnaire survey, first, the design and construction firms that carry out
the green building projects were identified and contacted. After getting approval by the companies, the
authors directly contacted qualified potential respondents and conducted face-to-face questionnaire
surveys or sent the questionnaire by email. Eventually, a total of 70 questionnaires was delivered to
architects, engineers, and consultants, who had rich experience in LEED or TREES projects in Thailand.

The questionnaire consisted of three parts of questions. The first part was about the respondents’
personal information with respect to their roles of work, professions, and experience involved in GB.
The second part was related to the specific GB project that the respondent was most familiar with. The
respondents were asked to provide information on this project, such as its location, rating level in the
corresponding rating system, type of owners, and delivery method. The following part contained
four groups of questions, which arose from the literature review, to estimate: (1) the importance of
14 indicators of green technical capabilities, (2) nine indicators of the barriers to green building, and (3)
three indicators of project performance on a five-point Likert scale.

The number of the returned questionnaire is 38. The response rate is 54.3%, which is acceptable.
There were 145 projects and 30 projects in Thailand that had successfully applied for LEED and TREES,
respectively [5,7] by the end of June 2018. The profiles of the respondents are shown in Table 1.

Table 1. Profiles of respondents.

Category Number Percentage

Respondents’ profession
Architect 16 42.2
Engineer 11 28.9

Consultant 11 28.9

Total 38 100.0

Number of green
building projects

involved in

1 project 6 15.8
2 projects 10 26.3
3 projects 5 13.2

>3 projects 17 44.7

Total 38 100.0

Given the distribution and demography of the respondents, and the relatively limited number
of green building projects in Thailand, the collected data can still largely represent the whole green
building industry in Thailand. Out of the 38 completed questionnaires received, 42.2% of responses
came from architects, and 28.9% came from engineers and consultants, respectively. About 60% of
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respondents had participated in more than two green building projects, indicating that most of the
respondents were experienced professionals in green buildings.

3.2. Data Analysis Techniques

The collected data from the questionnaires were analyzed using the Statistical Package for Social
Science (SPSS 19.0). The following data analysis techniques were performed: (1) reliability tests,
(2) estimations of the sample population mean, (3) rank cases, (4) Spearman rank correlations, and (5)
factor analyses.

The reliability and validity of the collected data were evaluated by Cronbach’s alpha
coefficient [46]. If the Cronbach’s alpha range value was between 0.6–0.7, it can be considered as a
sufficient scale; if the value is greater than 0.7, it can be accepted as indicative of a reliable scale [47].
Spearman rank correlation results are assessed by a significant level, and the general criteria is at a
significance level of 0.05. In order to examine the appropriateness of the data for factor analysis, the
Kaiser–Meyer–Olkin (KMO) test and Bartlett’s test of sphericity were performed. The criteria of the
value of KMO should be greater than 0.5, and the Bartlett’s test of sphericity needs to be significant
(p < 0.05) [48].

4. Survey Results

4.1. Characteristics of Sample Projects

The characteristics of 38 sample projects are shown in Table 2. Among the sample projects, 21
projects applied for an LEED certificate, which accounted for 55.3% of the total amount of projects.
The rest of the projects applied for TREES. The majority of projects (33 of 38) were newly constructed
commercial buildings. Most of the cases were implemented by the Design-Bid-Build project delivery
approach (81.6%). In terms of GB certification level, 36.8% of the sample projects received certified
levels and gold levels, respectively, followed by platinum levels (21.1%) and silver levels (5.3%).

Table 2. Characteristics of Sample Projects. GB: green buildings, LEED: Leadership in Energy and
Environmental Design, TREES: Thailand’s Rating of Energy and Environmental Sustainability.

Category Frequency Percentage

Types of rating systems LEED Project 21 55.3
TREES Project 17 44.7

Total 38 100.0

Project categories New construction 33 86.8
Renovation 5 13.2

Total 38 100.0

Building types Commercial 28 73.7
Educational 5 13.2
Residential 5 13.2

Total 38 100.0

Owner types Private sector 28 73.7
Public sector 10 26.3

Total 38 100.0

Delivery methods Design–bid–build 31 81.6
Design–build 7 18.4

Total 38 100.0

Contract types Lump sum 21 55.3
Percentage of construction fee 7 18.4

Unit price 8 21.1
N/A 2 5.3
Total 38 100.0

GB Certification levels Certified 14 36.8
Silver 2 5.3
Gold 14 36.8

Platinum 8 21.1
Total 38 100.0
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4.2. Green Technical Capabilities

The respondents were asked to rate the importance of the identified technical capabilities related
to green building on a five-point scale ranging from “1 = not important” to “5 = very important”. The
results are presented in Table 3.

Table 3. Importance of green technical capabilities.

Green Technical Capabilities Overall GB
Consultant Architect Engineer

M. R. M. R. M. R. M. R.

Experienced in meeting requirements of LEED/TREES 4.55 1 4.73 1 4.31 2 4.73 1
Skilled in energy systems 4.42 2 4.64 3 4.44 1 4.18 4

Experienced in applying certification of LEED/TREES 4.37 3 4.73 1 4.31 2 4.09 6
Skilled in using ventilation methods 4.29 4 4.45 4 4.13 4 4.36 2

Skilled in using natural light methods 4.13 5 4.36 5 4 6 4.09 6
Skilled in using low-emitting materials 4.13 5 4.09 10 4.06 5 4.27 3

Skilled in water use 4.11 7 4.27 7 4.00 6 4.09 6
Skilled in low environmental impact techniques 4.05 8 4.27 7 3.94 9 4.00 10

Skilled in pollution prevention and waste reduction 4.05 8 4.36 5 3.94 9 3.91 11
Skilled in landscaping 4.05 8 4.27 7 4.00 6 3.91 11

Skilled in using renewable energy 3.97 11 4.00 11 3.88 11 4.09 6
Skilled in using green roof and wall 3.87 12 3.64 13 3.81 12 4.18 4
Skilled in using recycled materials 3.84 13 3.91 12 3.75 13 3.91 11

Innovation in using materials 3.68 14 3.64 13 3.63 14 3.82 14
Average 4.11 - 4.24 - 4.01 - 4.12 -

Note: M. = mean; R. = rank; Cronbach’s alpha = 0.933.

Referring to Table 3, “experienced in LEED/TREES rating systems” ranked first, and “experienced
in applying certification of LEED/TREES” also had a high rank of the third. These show that
understanding and meeting the requirements of LEED/TREES rating systems are critical capabilities
for project participants to achieve the goals of green building. All of the ratings were higher than 3.6,
and the average score of the green technical capabilities was 4.11, showing that all of the specific green
technical capabilities were important in the delivery of green building projects.

To test whether there is a consensus among the groups of consultants, architects, and engineers on
the rankings of the importance of green technical capabilities, the Spearman rank correlation coefficient
has been calculated (see Table 4).

Table 4. Correlation among participants on green technical capabilities.

Consultant Architect Engineer

Consultant
1 - -
- - -

Architect
0.626 ** 1 -

0.000 - -

Engineer 0.434 0.665 ** 1
0.121 0.009 -

Note: ** = correlation is significant at the 0.01 level (two-tailed).

As shown in Table 4, the architects’ ranking had a significant agreement with the rankings of
consultants and engineers, respectively (r = 0.873 and 0.665, respectively, p < 0.01). This may be
because architects’ jobs are closely tied with the other two groups. In general, architects’ works are the
successor activities of the consultants, and the predecessor activities of the engineers. However, there
are no statistically correlated relationships between the rankings of consultants and engineers.
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4.3. Barriers to Green Building

To learn the status of barriers to green building in Thailand, respondents were asked to rate the
relevant indicators on a five-point scale ranging from “1 = strongly disagree” to “5 = strongly agree”.
The results are presented in Table 5.

Table 5. Ranking of barriers to green buildings.

Barriers Overall GB
Consultant Architect Engineer

M. R. M. R. M. R. M. R.

Lack of motivations from owners 4.39 1 4.45 2 4.38 1 4.36 1

High initial cost 4.21 2 4.27 3 4.06 3 4.36 1

Lack of government support 4.21 2 4.55 1 4.25 2 3.82 4

The high expense of preparing documents for
LEED/TREES certification 3.92 4 4.09 5 3.75 5 4.00 3

Lack of training and education in the industry 3.82 5 4.18 4 3.81 4 3.45 6

Long payback period 3.79 6 3.91 6 3.69 6 3.82 4

Lack of green technologies 3.24 7 3.18 7 3.38 8 3.09 7

Lack of green products suppliers 3.21 8 3.18 7 3.44 7 2.91 9

Lack of skilled workers 3.11 9 3.00 9 3.25 9 3.00 8

Average 3.77 - 3.87 - 3.78 - 3.65 -

Note: M. = mean; R. = rank. Cronbach’s alpha = 0.721.

As seen in Table 5 and Figure 2, “lack of motivations from owners” and “high initial cost” are
ranked as the first and the second barriers to GB, respectively, showing that financial pressure is the
main concern of the owners. The results also demonstrate that a lack of government support, the high
expense of preparing LEED/TREES documentation, and the lack of training and education in the
industry are also the key barriers to GB in Thailand.
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Figure 2. Barriers to green buildings.

To test whether there is a consensus among the groups of consultants, architects, and engineers on
the barriers to GB, the Spearman rank correlation coefficient has been calculated. Referring to Table 6,
the correlation coefficients are all above 0.760 (p < 0.05), indicating that these three groups have a
significant agreement with the ranking of barriers to GB.
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Table 6. Correlation among participants on green building barriers.

Consultant Architect Engineer

Consultant
1 - -
- - -

Architect
0.979 ** 1 -

0.000 - -

Engineer 0.760 * 0.790 * 1
0.018 0.011 -

Note: * = Correlation is significant at the 0.05 level (two-tailed); ** = Correlation is significant at the 0.01 level
(two-tailed).

4.4. Green Building Performance

To learn the ultimate GB performance in Thailand, respondents were asked to rate the
performances of quality, schedule, and cost on a five-point scale ranging from “1 = very low” to
“5 = very high”. The results are presented in Table 7.

Table 7. Green building performances.

Performances
Overall GB Consultant Architect Engineer

M. R. M. R. M. R. M. R.

Quality 4.26 1 4.55 1 4.13 1 4.18 1
Schedule 3.79 2 4.00 2 3.75 2 3.64 2

Cost 3.24 3 3.36 3 3.43 3 2.82 3
Total 3.76 - 3.97 - 3.77 - 3.54 -

Note: M. = mean; R. = rank. Cronbach’s alpha = 0.607.

The results show that the overall rating of green building performances is 3.76, suggesting that
there is room for the project participants to improve green building project delivery in Thailand.
Specifically, the cost performance is rated the lowest, showing the difficulty in green building
cost management.

5. Data Analysis and Discussion

5.1. Factor Analysis of Green Technical Capabilities

To unearth the underlying patterns of green technical capabilities, reducing the dimensionality of
the items in Table 3 is imperative [49]. Therefore, factor analysis was conducted on the green technical
capabilities of participants, with the results presented in Table 8. The KMO value of the green technical
capabilities was 0.845 (p < 0.05), implying the appropriateness of factor analysis. Three underlying
components are extracted, and these components cumulatively explain 74.4% of the total variance.
These three components are discussed below.

5.1.1. Technical Skills in Green Building

Technical skills in green building involve energy systems, ventilation, water use, pollution
prevention, waste reduction, natural light use, landscaping, and low environmental impact techniques.
“Skilled in energy systems” is ranked as the second most important green technical capability (see
Table 5), which is attributed to the buildings consuming a large share of energy. Project participants
should be good at not only energy-efficiency techniques (such as whole building energy simulation,
cooling, and heating applications), but also optimally combining these techniques with compatible
building design and materials (e.g., the use of natural light and solar heating). “Skilled in using
ventilation methods” is ranked as the fourth most important green technical skill (see Table 5), which
can help improve indoor air quality and reduce energy consumption by using technologies such as
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natural ventilation. Although Thailand is not water-deficient, the respondents still consider “skilled
in water use” to be important for green building, especially on indoor water use reduction. It is also
important that participants are capable of reducing the negative externalities of buildings at both the
construction and operation stages by applying low environmental impact techniques. Landscapes with
the green feature can not only improve the attractiveness of the communities in which the buildings are
located, they also play roles in reducing water use in irrigation and protecting the natural environment.

Table 8. Factor profile of green technical capabilities.

Factor Structure Factor Loading Variance Explained Cronbach’s Alphas

Technical skills in green building 33.82% 0.933
Skilled in pollution prevention and waste reduction 0.871

Skilled in low environmental impact techniques 0.854
Skilled in water use 0.818

Skilled in energy systems 0.776
Skilled in using natural light methods 0.767
Skilled in using ventilation methods 0.620

Skilled in landscaping 0.568
Use of green materials 28.98% 0.911

Innovation in using materials 0.842
Skilled in using low emitting materials 0.809

Skilled in using green roof and wall 0.798
Skilled in using recycled materials 0.758
Skilled in using renewable energy 0.709

Familiarity with green building rating systems 11.65% 0.586
Experienced in meeting requirements of LEED/TREES 0.837
Experienced in applying certification of LEED/TREES 0.815

5.1.2. Use of Green Materials

The use of green materials is related to pollution reduction and energy efficiency. As many
building materials create toxic emissions such as carcinogens, irritants, and odors [15], project
participants who are skilled in using low-emitting materials can largely avoid indoor air pollution,
which is critical to users’ health. Due to construction being intensively resource-consuming, designers’
applying environmentally friendly materials (e.g., recycled materials) to green buildings can effectively
help reduce human activities’ pressure on the natural environment and avoid damage to natural
resources such as forests and minerals, thereby decreasing greenhouse gas emissions [50]. The use of
green roofs and walls is closely related to the utilization of renewable energy, especially solar power.
Both architects and engineers can play an important role in integrating green roof and walls with using
solar energy. For example, solar water heater/solar PV can be parts of roofs, and optimized building
structures combining with thermal insulation materials can enable solar radiation heat and daylight to
be efficiently received. It is necessary for project participants to continuously encourage innovation in
green materials in order to reduce costs during the construction, operation, and maintenance stages.

5.1.3. Familiarity with Green Building Rating Systems

Familiarity with the green building rating systems includes “experience in meeting the
requirements of LEED/TREES” and “experience in applying certification of LEED/TREES”. These
two green technical capabilities are ranked as first and third most important, showing the criticality
for project participants to be good at LEED/TREES in delivering green buildings. LEED and TREES
are recognized as effective green building assessment tools in Thailand. More than half (55.3%) of the
investigated cases used LEED as their green building rating systems, showing that LEED is popular in
Thailand (see Table 2). This might be because application for the LEED can not only improve the value
of the green buildings, it can also raise the international profiles of investors. Considering that TREES
were founded in 2010, 44.7% of the surveyed cases applied TREES, demonstrating that the native
rating system incorporating local features has also diffused well within the green building industry
of Thailand.
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5.2. Factor Analysis of Barriers to Green Building

Factor analysis was conducted on the barriers to green building, with the results presented in
Table 9. The KMO value of the green technical capabilities is 0.612 (p < 0.05), indicating that the data
were suitable for factor analysis.

Table 9. Factor profile of green technical capabilities.

Factor Structure Factor Loading Variance Explained Cronbach’s Alphas

Technical limitation 22.46% 0.707
Lack of green product supplier 0.791

Lack of skilled workers 0.785
Lack of green technologies 0.712

Financial pressure 20.93% 0.674
Long payback period 0.841

High initial cost 0.732
High expense of preparing documents for LEED/TREES

certification 0.698

Inadequate promotion 17.66% 0.548
Lack of government support 0.778

Lack of training and education in the industry 0.662
Lack of motivations from owners 0.649

5.2.1. Technical Limitation

Technical limitations include a “lack of green product suppliers”, “lack [of] skilled workers”, and
“lack of green technologies”. As Thailand is a developing country, its green building market is still
immature. This leads to that some LEED/TREES-approved green technologies and products being
unavailable in the locality. Correspondingly, the shortage of skilled workers is also a barrier to the
development of green buildings. The results are in line with the findings from the case studies in
Turkey [39].

5.2.2. Financial Pressure

Financial pressure includes a “long payback period”, “high initial cost”, and “high expense of
preparing documents for LEED/TREES certification”. High initial cost is ranked as the second (tied)
major barrier to green building (see Table 5). This can be explained by the survey results of project
performance (see Table 7), in which the cost performance is the lowest (score = 3.24) compared with
quality performance (score = 4.26) and schedule performance (score = 3.79). Specifically, nine of
38 surveyed cases have very poor cost performance, showing that cost control is the major difficulty
encountered by the project teams during project delivery. Due to the high upfront investment and
uncertainty in cost control, it is not surprising to hear the owners’ concerns about a long payback period
in developing GB projects. Compared to conventional projects, applying LEED/TREES certification
incurs extra costs in preparing complex documents and hiring LEED/TREES consultants, which can
also be an obstacle to GB.

5.2.3. Inadequate Promotion

Inadequate promotion contains a “lack of government support”, “lack of training and education
in the industry”, and “lack of motivations from owners”. “Lack of motivations from owners” is
ranked as the first barrier to GB (see Table 5), which is largely attributed to the high financial pressure
on investment as mentioned above. “Lack of government support” is ranked as the second (tied)
barrier (see Table 5), showing that the government’s support such as promulgating relevant laws and
policies, and providing financial incentives are critical in promoting GB. There are varying regulatory
approaches employed by lawmakers and different levels of government (e.g., federal, state, county,
and local) to develop green buildings, which can be categorized into three approaches [51]. The first
one is to require all public construction projects to meet certain green criteria such as LEED. These
laws, and their corresponding public projects, help to raise awareness of sustainable design practices
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and showcase the benefits of green buildings, especially to the private sector builders. The second
approach is to create incentives for privately developed green projects, such as providing tax credits to
developers and consumers, and accelerated permits for developers. Authorizing expedited permitting
for GB can particularly appeal to developers who have been overburdened by time-consuming
and cumbersome permitting processes. The final, and most striking method of regulations, is to
require that all new construction projects over a certain square footage, both private and public, meet
certain green standards. Such laws have been enacted in several major cities such as Boston and Los
Angeles. Thailand also has embraced this method to spur large-scale green development. In July
2017, the Department of Alternative Energy Development and Efficiency (“DEDE”) has launched
Thailand’s first compulsory building energy consumption standards, namely the Green Building
Energy Code (“GBEC”) [52]. The GBEC established certain standards and specifications related to the
building envelope, electrical lighting system, air conditioning system, water heating, overall energy
consumption, and renewable energy outfitting within the building, which all of the large buildings’
design and construction must follow [52]. It is estimated that 74 million units of electricity would be
reduced if stricter standards were applied to energy consumption in larger buildings in Thailand [53].

As the green building development is still in its early stages in Thailand, training and education
in the industry have much room to improve. Both professional training and public education are
essential to make the whole society realize the long-term economic, environmental, and social value of
GB. Previous studies [52,53] has shown that social influence or social norms can significantly affect
people’s behaviors in energy use, suggesting that normative-based intervention can be an effective way
to educate the public to change their attitude toward green buildings and their behaviors in energy
consumption. For example, sending the occupants automated non-invasive personalized normative
feedback and educational messages on their energy use and comparing it with the energy consumption
in a green building could be plausible to help them realize the long-term benefit of GB in saving energy
and protecting the environment.

6. Case Study

Siam Cement Group’s (SCG) 100th Year Building has been praised as the exemplary green building
project in Thailand and has been awarded LEED Platinum Certification in 2014, which is the highest
LEED achievement [54]. This project is located in Bangkok and consisted of a 37,000 m2 office building
and a 38,000 m2 multipurpose building to provide office space for about 1700 employees and make the
city greener [55].

The chairman of the SCG Sustainable Development Committee explained the key drivers for their
green development. The first driver is to develop a sustainable building that can better respond to the
global climate change. The second driver is that developing a green building can reflect the company’s
commitment to social responsibility and sustainable development, which is helpful to develop a larger
business network for a greener future. The third reason is that SCG would like to set an example for
Thai society showing that green practices are actually affordable and can be implemented in a way
that benefits the environment and the ecosystem, and thereby encourage more Thai companies to
participate in green development. In order to better commit to sustainable growth, the SCG Green
Solution committee was formed and included five experts certified by the United States (US) Green
Building Council, who are responsible for providing advice on developing green building.

This indicates that the adoption of innovative technologies in GB projects can be influenced by
the interaction among different stakeholders [50]. In the process of GB projects, the power of different
stakeholders over decisions is dynamically changing in different phases [56]. For example, at the
planning stage, the owner has the biggest influence on deciding whether a GB project should be
developed and the goals of the green buildings. At the design stage, the architects/engineers are
responsible for fulfilling the owner’s requirements and have considerable power on the adoption of
new technologies. However, a consultant has a low power compared to the main architect.
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A management executive of this project stated that this project emphasized the balance between
the needs of society, the environment, and the economy [57]. Since Thailand is a tropical country,
it is critical for developers to incorporate their designs into the environment. In this project, many
green technologies were adopted to improve the efficiency of the energy and water consumption,
reduce employees’ commuting time, and create a hygienic environment for all [58]. For example,
compared to similar buildings with the same size, the toilets and bathroom fittings in the SCG building
were supposed to save 70% on water consumption, or about six million liters every year. In addition,
recycled and environmental-friendly materials (such as low VOCs (volatile organic compounds)
emitting materials) have also been incorporated along with careful construction planning and waste
management. The designers of the building used energy-efficient LED light bulbs and the tiles that
were produced with 60% recycled materials. The solar panels have a rated generation capacity of
99,000 kW. The glass used in the windows is double-glazed, which can help block sunlight and heat.

Improving the satisfaction of employees or the building users is another essential focus of
sustainability. In the designing process, special attention has been paid to the design for the health
of employees and the construction of an eco-friendly building. For example, the entrances of offices
are equipped with dust-trapping carpets in order to improve the indoor air quality and prevent the
proliferation of dust and diseases. There is a large fitness room and a jogging track in the buildings [58].

This case validates the findings of the questionnaire survey that the motivation of the owners is
one of the most important determinants for the success of GB projects. This case is also in line with
the findings that practitioners of green buildings in Thailand emphasized the skills in energy systems,
using ventilation methods and low-emitting materials.

7. Conclusions and Implications

The question of how to balance economic development and environmental quality while also
improving social welfare and achieving sustainable development is a common challenge faced by
developing countries. Clearly, green buildings will become more and more mainstream in the future
because of its advantages such as reducing greenhouse gas emissions and energy assumptions,
especially in developing countries where environment pollution has become a serious problem.
However, the questions of what are the most important green technical capabilities and what are the
biggest barriers to implement GB in the developing countries such as Thailand is still unclear. Thus,
this study aims to systematically reveal the status of the GB industry in terms of the use of green
technologies and the barriers to GB in Thailand, from the perspectives of consultants, architects, and
engineers. The major findings are as below.

The analysis of green technical capabilities shows that project participants should emphasize
improving their technical skills in green building, the use of green materials, and familiarity with
the green building rating systems. Specifically, project participants should be good at not only
energy-efficiency techniques (such as whole building energy simulation, and cooling and heating
applications), but also optimally combining these techniques with compatible building designs and
materials (e.g., the use of natural light and solar heating). The results confirm that understanding
and meeting the requirements of LEED/TREES rating systems are essential capabilities for project
participants to achieve the goals of green building.

Barriers to green building mainly arise from financial pressures, technical limitations, and
inadequate promotion. “Lack of motivations from owners” and “high initial cost” are ranked as the top
two barriers to green building, which are in line with the lowest rating on cost performance. In addition
to financial pressure, the unavailability of LEED/TREES-approved green technologies, products, and
skilled workers in the locality is also an obstacle, which is attributable to green building development
still being in its early stages in Thailand. “Lack of government support” is ranked as the second (tied)
barrier, showing the government’s importance in promoting green building. The government can
boost green building by promulgating sustainable building criteria, providing favorable investment
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conditions, setting research grants and subsidies for green technical innovation, directly investing in
green building projects, and supporting professional training and public education.

The above insights contribute to the body of knowledge regarding both theoretical and practical
perspectives. Firstly, this study identifies and empirically investigates the green technical capabilities
and barriers to GB in Thailand, which have not received much attention in previous research. This
study highlights the key issues regarding the green building industry in Thailand, which helps
practitioners learn the status of the green technical capabilities, project performances, and barriers to
GB in a systematical manner. The results show the similarities and differences between GB in Thailand
and other developed countries. For example, project practitioners from Thailand perceived “experience
in meeting requirements of LEED/TREES”, “skill in energy systems”, and “experience in applying
certification of LEED/TREES” as the top three most important green technical capabilities, while those
from Greece considered “renewable energy”, “toxic reduction”, and “indoor air pollution” to be the top
three most important green technologies [15]. This indicates that project participants in Thailand may
attach more importance to obtaining the certification of the rating systems while project practitioners
from Greece focus more on improving the environment. Secondly, the results collectively reveal that the
market demand and technology advancement are the fundamental drivers to the GB industry, and the
government, economic conditions, education, and corporate social responsibility are other stimuli to the
industry. The findings from this research can be extendable to other developing countries and provide a
valuable research and practical reference, especially for project practitioners and policymakers to make
appropriate strategies to achieve better GB performance. Specifically, future policy emphasis should
focus on investing the needed resources into stimulating the market and supporting the technology
advancement, which are one of the most effective methods of improving GB infrastructure. Thirdly,
regarding the green technical skills, the findings suggest that project participants should make efforts
to improve their knowledge and skills in the use of energy, ventilation methods, natural light methods,
and low-emitting materials. Fourthly, this study provides quantitatively empirical evidence for all of
the stakeholders to adopt appropriate strategies in promoting green buildings in the emerging markets
of developing countries.

8. Limitations and Future Research Directions

The findings of this research provide a new perspective to understand GB in Thailand. However,
several limitations should be acknowledged. First, although this study used samples from diverse
project locations, project types, delivery methods, and project stakeholders to reflect the status of GB
industry in Thailand, the sample size is still relatively small. More research efforts are suggested to
collect more data to reconfirm the results. Second, the insights of this research are developed on the
theories and practical experiences that are available worldwide via the literature, which appears to
be extendable to other regions where GB is emerging, especially in developing countries. However,
different countries may have various conditions to develop GB, such as the special regulations and
policies to support GB, which is worth further investigating in future studies. Third, this study
only investigates some of the key aspects of GB from the perspectives of consultants, architects,
and engineers in Thailand. One aspect of GB that the paper did not explore was the occupant
evaluations of green buildings, which can be a valuable angle to deeply understand the obstacles of
GB. Future studies can be conducted to investigate the perceptions of building occupants, owners, and
governments. Furthermore, it would be interesting to further investigate the innovations in integrated
green technologies, especially on combining energy-efficiency techniques with building designs and
the use of green materials.
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