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Recently, infrastructure systems in developing countries have been substantially reformed,
resulting in increased pollution to the environment from heavy equipment usage and
construction operations that generate high emissions. Consequently, a green concept is
necessary to address this issue. However, contractors and project owners involved in highway
construction in Cambodia still encounter many barriers to the adoption of green concepts. This
paper determined the differences between the perspectives of contractors and project owners
on green concept adoption for Cambodian highway construction and sought to identify the
root causes of high-impact barriers. A questionnaire was developed identifying 27 barriers
covering 6 categories. Statistical analyses were undertaken of the data from 82 respondents
who were professional contractors or project owners with experience in highway construction
projects in Cambodia. The findings showed that the Training and knowledge and the Green
material resource categories were high-impact for the project owners, while contractors
identified Green material resource and Government management as high-impact categories.
Identification of the root causes from the high-impact categories was developed using cause-
and-effect diagrams to assist policymakers to comprehend the main root causes of barriers to
the green concept. Competent solutions were suggested to assist the Cambodian community

move toward greater sustainability.

1. INTRODUCTION

The entire industrial sector has argued over climate change
and global warming, with operations in highway construction
being considered as one of the vital issues regarding emissions
[1-3] because they consume a substantial amount of materials
and energy, as well as producing a large amount of waste [4].
To enhance environmental sustainability, the green concept
has been recognized recently as a primary goal in the
construction industry [5]. Green technology operations in the
construction industry provide efficient protection against
adverse environmental impacts by reducing emissions [6].
Nevertheless, the green concept cannot be accomplished easily
as it faces many barriers from those involved in construction,
especially contractors and project owners.

Many studies have investigated and summarized lists of
obstacles and solutions to green concept adoption in specific
areas. Shi et al. [7] conducted a survey in Shanghai, China with
the major stakeholders of the construction industry to
determine green concept adoption problems. As a result, a
sustainability case was trialed in China’s Agenda 21 at State
Council 1994 to preserve the environment. In Singapore, the
recognition of green construction was presented as a national
priority [8]. Hence, industries have commenced selecting
contractors with a combination of traditional and green
concept knowledge and skills [9]. Some developing countries
have expressed optimism regarding developing the green
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concept [10]. The industrial construction sector in Cambodia,
one of the developing countries in Southeast Asia, has grown
substantially based on the country’s GDP statistics [11].
Nevertheless, practitioners of the highway construction
industry in Cambodia seem inattentive to sustainability, as the
practitioners’ major priority regarding construction projects is
net profit [12].

To achieve the goal of maintaining sustainability in
highway construction, it is vital to understand the different
perspectives of contractors and project owners regarding
obstacles to green concept implementation. Without
knowledge of green concepts and obstacles, it is onerous to
come up with solutions and efficient regulations to implement
sustainability [13]. The solutions and regulations of green
technology adoption may not apply efficiency to suit the
demands of contractors and project owners, even if the
obstacles are addressed apart. Hence, the obstacles from
contractors and project owners are necessarily separated for a
detailed study. Investigating the root causes of obstacles using
a cause-and-effect diagram can present the levels of detail
much better by addressing the possible root causes of each
obstacle through group categorization. An advantage of root
causes identification is that it can easily seek potential
solutions for the main barriers that happen in regions.

The purpose of this paper was to determine the differences
between contractors' and project owners' perspectives toward
sustainability in the Cambodian highway construction sector
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and to search for root causes of high-impact obstacles. As a
result, project owners and contractors should better
comprehend the root causes of obstacles and also identify
potential solutions. The finding of this paper will aid highway
practitioners (mostly government agencies) in determining the
critical obstacles, with their root causes, to adopting the green
concept and further provide insight regarding potential
solutions for the highway industry in Cambodia. The paper
could also be useful for policymakers constructing future
regulations to reinforce sustainability in Cambodia.

2. RESEARCH FRAMEWORK

The research procedure contained four important steps that
are shown in Figure 1 and described below:

(1) A comprehensive literature review was conducted to
identify the factors of obstacles to green technology
adoption. Furthermore, a summary of published studies
can help to identify research gaps and challenges.

(2) The questionnaires were developed and validated based

Questionnaire Survey

[Questionnaire Design:
{['ive-Likert Scale)

- Developing preliminary
questionnaire

- Validating questionnaire
|- Pre-I'est interview

Obstacles Identification

- Gathering list of
obstacles from literature

- Removing list duplicates
- Filtering the relevant
obstacles

Respondents Qualification:
- Determining sample size

on pre-interviewing experienced construction experts
before distributing the final form to highway construction
professionals for the collection of relevant data related to
green concept adoption. The questionnaire provided a list
of obstacles that were evaluated for their level of impact
by the respondents, who also provided some feedback and
recommendations.

Statistical analysis was used to identify the high-impact
obstacles and categories from the contractor and project
owner groups. It also helped to interpret the different
perspectives of both parties. Statistics can assist in
analyzing, gathering, summarizing, and presenting the
data simply and easily.

A cause-and-effect diagram was created to find the root
causes of the obstacles having the most impact on the
groups. The root causes were identified from a
comprehensive literature review and interviews with
professional highway engineers in Cambodia. A cause-
and-effect diagram can determine the sources of each
main cause for the topic and build a structure to visualize
the effects from the root causes.
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“

Statistical Analysis

Main Obstacles Tdentification:
- Identifying high-impact
obstacles

 Ranking high-impact categories

Cause and Effect Diagram

Root Causes Identification:
- Selecting significant caiegories
(from each party)

- Sclecting qualified
respondents

- Separating obstacles into
related categorics

- Verilying the categories
with past literaturc

Survey Process:

- Distributing questionnaire
- Respondents: 31 project
lowners and 51 contractors

- Tdentitying root causes of
obstacles from literature and
intcrvicws

Different Perspectives
Investigation:

(Independent t-test )

- Comparing perspectives at
category leve] between parties

Figure 1. Research framework

3. IDENTIFICATION OF OBSTACLES

It is essential to have a literature review that enables a list
of obstacles to be identified and categorized into groups. The
obstacles to green construction have been listed in many
studies. The obstacles were chosen that were relevant to
highway construction and were most frequently mentioned in
the literature. Published studies that have investigated the
potential barriers to improving green construction were often
based on surveys in different places to identify the most
critical barriers. Chowdhury and Srabon [14] addressed 20
potential barriers in a survey to seek the different perspectives
of laborers, contractors, and engineer groups in Khulna city,
Bangladesh. The study showed that lack of knowledge, the
lack of technology tools, and the lack of qualified engineers
were significant barriers identified by the workers, contractors,
and engineers, respectively. Powmya and Abidin [15]
presented 12 obstacles to implementing green construction in
Oman. That search identified the top-two barriers as the lack
of demand for green construction and the lack of pressure by
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the government. Lam et al. [16] addressed the barriers and
categorized them into groups, showing that green materials
and tools was a vital category for green construction
operations, with the failure of green construction being due to
the unavailability of green material. Nusa et al. [17] identified
financial issues as the main category in green construction,
leading contractors to have uncertainty in selecting a green
concept. The study also presented the issues of management
skills from the government in setting up the regulations and
motivating contractors to adopt green technology. Djokoto et
al. [18] mentioned four primary categories of green adoption
in Ghanian construction: lack of awareness, lack of
government support, higher cost, and shortage of green
material. The obstacles were addressed to make the green
concept successful in Ghanian construction. Hwang and Ng
[19] observed a specific category of obstacles related to
knowledge and skills that affected green concept adoption.
Their study identified the main barriers from the different
perspectives of project managers, clients, laborers, and project
teams. Another investigation focused on the greatest impact



factor of construction cost. In addition, that study indicated the project planners make more realistic decisions in developing
relationship between project size and cost overrun to help highway budget estimates [20].

Table 1. Potential list of obstacles and categorization from literature

Literature work

Categor Obstacle
Sd - . [7][13][14][15][16][17][18][19][21][22][23][24][25][26][27][28][29][30][31][32][33]
io%s,t Increase in primary project v B » » » v v y v
1.2. High costs of green materials. v v v v vV v v v
1.3. Project cost increase due to v v v
Funding issue higher certification and designing.
1.4. Capacity to deliver green v v v
materials for acceptable cost constraints.
1.5. Financial problem from project y » v
delay.
_2.1. _Lack _of interest from parties v v n M v v v
involved in projects.
2.2. Lack qf awareness of green v v v v v v
technology quality and performance.
Cooperation and2.3. Lack of cooperation between v v n M

attitude contractors and subcontractors.
2.4, Incomplete international v v
agreements for emission reduction.
2.5. Lack of project owner’s v .. . v v v v
demand or interest.
3.1 Unable to quantify actual

. . v v v v
quantity of green materials used.
_ 32. Insufficient green material and v v B v B v v v
Green material no valid test.

resource Sﬁébase Insufficient information and v v v v N . B v v v v v v

3.4. Lack of research development v v v v

center and facility.

Table 1. Potential list of obstacles and categorization from literature (continued)

Literature work

category Obstacle [7I[13][14][15][16][17][18][19][21][22][23][24][25] [26][27][28][29][30][31][32] 33]

4.1. Lack of inducement from v v B v v v
government on green technology.
4.2. High tax on green material in v v
country.
4.3. Lack of financial support from v v v v v v

Government government.

management 4.4, Lack of green technology
codes, regulations, and evaluation vV v v v
standards.
4.5. Lack of promotion or v B v v
exhibition supported by government.
4.6. No green reward, certificate, v v v v
or recognition programs to contractors.
5.1. Blocking green technology v v N .
adoption due to short time and schedule.

Timeand 5.2. Adopting new green v v B v
schedule  technology causes project delays.
5.3. Long delivery time for green v v v v
material from other countries.
6.1. N Lack of certification systems v v v v v
or training.
o 6.2. _ Insuffl_ment designing and v v . ™ M v

Training and technical expertise.

knowledge 6.3. High technological risks and v v v B v v
danger.
6.4. Limited ability in using green v v . ., v v v v

technology methods.
Note: v : represents identification of obstacles in the associated study, | : represents identification of associated category for each obstacle
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After gathering the list of obstacles, duplicated obstacles
were combined. The list of obstacles was after careful review,
the list was culled of obstacles not related to highway
construction. Before actual data collection, the questionnaire
was checked and reviewed using pre-test interviews with 10
experts to check its suitability and completeness. Experts with
real-practice experience in this field were targeted to gather
further information from the previously completed practice.
The 10 skilled experts provided additional important obstacles
and recommendations that reflected the Cambodian content
based on their experience in utilizing green technology in
highway construction. Most experts provided a similar point
of view that Funding issues, Green material resources, and
Government management were the critical barriers to green
concept adoption in the Cambodian construction industry. All
10 experts agreed with the statement that more supportive
effort from the government could presumably drive the
positive status of the green practice in Cambodian highway
construction. Then, the obstacles were separated into related
categories that impacted green concept adoption based on
verification with the literature.

Finally, the obstacles were identified and grouped into six
categories: (1) Funding issue, (2) Cooperation and attitude, (3)
Green material resource, (4) Government management, (5)
Time and schedule, and (6) Training and knowledge. These six
categories inclusively covered the 27 most-mentioned
obstacles on green adoption and are shown in Table 1.

4. QUESTIONNAIRE AND DATA COLLECTION

The questionnaire was divided into two main parts: (1)
respondent’s profile, (2) impact level evaluation of obstacles.
The first part of the questionnaire required respondents to
provide general information on their work experience in the
construction sector, while the second part sought the
respondents’ views on the level of impact of the 27 obstacles.
The rating-scale technique was applied to show the level of
impact of each obstacle. The level of impact for each item on
the list of obstacles in the questionnaire was evaluated using a
five-point Likert scale (0 = no impact, 1 = very slight impact,
2 = slight impact, 3 = quite an impact, 4 = strong impact, and
5 = extreme impact). Before actual data collection, the
questionnaire was checked and reviewed using pre-test
interviews with 10 experienced construction experts to check
its suitability and completeness. Then, the questionnaire was
revised according to these professionals’ comments and
feedback.

This research focused on both contractors and project
owners, having experience in utilizing green technology in
highway construction. Then, the total number of contractors
from private highway companies and project owners from the
Department of Public Works and Transportation in Cambodia
who were familiar with the green technology was obtained.
Since green technology in highway construction has just been
recently initiated in Cambodia, the eligible respondents were
relatively limited. These respondents were contacted to
request their participation in the survey stage. Subsequently,
82 respondents were available to voluntarily disclose the
essential information related to their previous experience. The
questionnaire was sent out to 82 public or private contractors
and project owners who each had more than 3 years of
experience working in the highway construction industry in
Cambodia. In addition, the respondents had fundamental
knowledge and understanding of green concepts that ensured
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the respondent’s ability to answer the designed questions.
Google Forms was used to collect the data from all
respondents. The respondents were divided into two groups:
51 contractors and 31 project owners. The results showed that
39 respondents had experience of more than 3 years, 26
respondents had more than 5 years, 11 respondents had more
than 7 years, and 6 respondents had more than 10 years.

5. DIFFERENT PERSPECTIVE INVESTIGATION

The questionnaire survey was analyzed using the SPSS
statistical software to identify different perspectives between
the project owner and contractor groups. First, to show the
reliability of the data set, a Shapiro-Wilk test was used to
check the normality of the data collected. A significant level
= 0.05 proves that the data set is normal. Second, the mean
value of each obstacle was calculated and ranked in each group.
The standard deviation was also determined to identify the
importance of obstacles having the same mean value. A
smaller standard deviation was ranked higher. Third, an
independent t-test was performed to determine whether
categories of obstacles were significantly different between
the two groups. The results are summarized in Table 2 that
shows the different perspectives toward green technology
adoption between the contractor and project owner groups.
The results from the respondents indicated that most project
owners considered the Training and knowledge and the Green
material resource categories were the two most important for
green concept adoption. The contractor group selected Green
material resource and Government management as high-
impact categories.

5.1 Contractor perspectives

For the contractor, the Green material resource category and
the Government management category were the top-two
categories that impacted contractors with similar mean values
of 3.55 and 3.54, respectively. In the Green material resource
category, the high-impact obstacle was the lack of research
centers with an average value of 3.94. The contractor’s
perspective reflected that insufficient research work had been
undertaken in Cambodia and this had a strong impact, because
the precise information related to the green concept was not
yet available. Many respondents expressed concern regarding
insufficient green material being available in the market, as did
the project owner group. In addition, databases and
information were deficient. Both these obstacles with an
average value of 3.43 seem to have the same strong influence
on contractors. The materials and database needed to be
acquired from other countries at a high cost and this required
more time to be functional. The success of green concept
adoption required cooperation from the government, as there
was a perceived lack of support from the government to assist
contractors with the correct goals for sustainable construction,
as has been reported in another study regarding codes,
regulations, information, finances, and promotion [18]. Most
contractors considered that the government had tried to
encourage construction projects to select green technology.
However, the top management in government rarely provided
supporting funds for applying the green concept. The lack of
awareness from government can lead to the wrong guidance
and support from government [18]. Similarly, Nusa et al. [17]
noted in Malaysia the main barrier relating to government
management was the shortage of policies in highway



construction, with a lack of control and effort by government
to reinforce the green concept in that country. Besides the two
high-impact categories mentioned above, other categories
were influential to the contractors. Training and knowledge
was ranked third, with an average value of 3.35. In addition,
contractors faced difficulties with the way of using green
technology, including designing and operating green
equipment, so that this obstacle impacted them with an
average value of 3.56. Other research reported that the lack of
training regarding the green concept, meant contractors could
not perform green actions well [7]. The uncertainty of using
green technology leads to longer project delays, since
unexpected issues can arise during the project operation.
Similarly, Lam et al. [16] showed there were project delays
and extra budgetary requirements caused by green technology
operation. The extra budget was necessary when the primary

cost of the project increased due to the use of green technology.

This caused financial problem in green projects that directly
inconvenienced contractors and project owners who
consequently showed a lacking interest and awareness of the
green concept, with green projects demand from related parties

also being reduced.
5.2 Project owner perspectives

For the project owner, an average value of 3.34 from the
Training and knowledge category was the highest rank among
all six categories. The lack of knowledge regarding the green
concept seemed to cause trouble in successfully applying
green technology. The high-impact obstacle in this category
was the limited ability of using green methods that
substantially influenced project owners, with an average value
of 3.80. The questionnaire indicated a lack of knowledge of
green concepts from related parties in projects. Green concept
education must be provided to any related stakeholders in
construction projects so they can properly understand green
technology in any stage of the construction. Hwang and Ng
[19] identified a similar issue by identifying knowledge of the
green concept as a critical barrier. Another obstacle in the
current study was insufficient designing and technical
expertise that had an average value of 3.54.

Table 2. Comparison of statistical results between groups regarding perspectives on impact level

Difference between

Project owners Contractors
Obstacle groups
Mean SD Rank Mean SD Rank p-value
1 Funding issue 3.13 4 3.13 6 0.984
11 Increase in primary project cost. 3.06 0.96 341 094
1.2 High costs of green materials. 335 1.01 350 0.80
13 Project cost increase dug to higher certification and 287 095 294  0.92
designing.
14 Capacity to deliver green ma_terials for acceptable cost 312 084 311 086
constraints.
15 Financial problem from project delay. 296 091 288 1.07
2 Cooperation and attitude 2.58 6 3.15 5 0.030?
2.1 Lack of interest from parties involved in projects. 254 1.05 3.09 117
29 Lack of awareness of green technology quality and 241 095 309 1.02
performance.
23 Lack of cooperation between contractors and 241 117 298 122
subcontractors.
24 Incomplete international agreements for emission 277 149 319 118
reduction.
25 Lack of project owner’s demand. 277 114 339 1.00
3 Green material resource 3.29 2 3.55 1 0.146
3.1 Unable to quantify actual quantity of green materials used. = 2.93  1.12 343 0.92
3.2 Insufficient green material and no valid test. 316 121 343 094
3.3 Insufficient information and database. 3.48 0.99 343 0.83
34 Lack of research development center and facility. 358 1.25 394 0.78
4 Government management 3.13 3 3.54 2 0.0262
4.1 Lack of inducement from government on green technology.  3.12  1.08 3.58 1.00
4.2 High tax of green material in the country. 3.16 1.18 335 093
4.3 Lack of financial support from government. 316 121 3.56 1.06
44 Lack of green techno!ogy codes, regulations, and 332 110 347 110
evaluation standards.
4.5 Lack of promotion or exhibition supported by government.  3.06  1.06 356 0.92
46 No green reward, certificate, or recognition programs to 300 126 356 098
contractors.
5 Time and schedule 3.09 5 3.28 4 0.344
51 Blocking green technologghggafgion due to short time and 296 1.19 339 1.02
5.2 Adopting new green technology causes project delays. 3.03 119 3.05 098
5.3 Long delivery time for green material from other countries.  3.29  1.13 339 104
6 Training and knowledge 3.34 1 3.35 3 0.970
6.1 Lack of certification systems or training. 332 116 356 0.87
6.2 Insufficient designing and technical expertise. 354 0.88 356 0.90
6.3 High technological risks and dangers. 274 1.06 282 112
6.4 Limited ability in using green technology methods. 3.80 0.87 345 0.92

Note: * indicates a significant difference between mean values of owner’s and contractor’s perspectives at 95% confidence level (p-value <0.05).
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Most project owners stated difficulty in choosing qualified
contractors who could be responsible for a green project. Most
contractors reported limited ability in using green technology
in selecting materials and in the design stage. Similarly,
Eisenberg et al. [34] identified the lack of experts in projects.
Most contractors were unfamiliar with green technology
systems and databases that was caused by a lack of training

and certification of most contractors related to the projects [18].

That obstacle also impacted contractors with an average value
of 3.32. Another critical category was Green material resource.
The scarcity of research development was the highest impact
obstacle in this category, with an average value of 3.58,
showing that Cambodian research centers regarding the green
concept are still lagging behind the efforts in other countries.
Similarly, Sourani and Sohail [30] identified the lack of a
research center for some information related to green
technology use. Another obstacle was insufficient information
and databases, with an average value of 3.48 that impacted
project owners. Project owners also considered there was a
lack of raw materials and databases regarding green
technology, leading contractors to increase the bidding price
in the initial stage of construction. Project owners said that
most contractors always concerned about the high cost of
green materials and databases. This issue led contractors to
add extra expense to projects. Nevertheless, the Funding Issue
and Government management categories impacted on project
owners, with each having a mean value of 3.13. The disquiet
of project owners to funding issues was important, since
without a sufficient budget, some green projects are difficult
to complete.

5.3 Comparison between contractor and project owner
perspectives

Significant differences between the two groups appeared in
the two categories of Government management and
Cooperation and attitude. A contrasting idea between the
parties was that most contractors mentioned the lack of
responsibility from government to pursue green technology
adoption, with insufficient databases from government leading
to difficulties in the project phase. The information on each
project from the government was not sufficient to help
contractors process green operations. In contrast, the project
owners disagreed, regarding the suitability of information and
databases for projects. One government respondent also
considered that all projects needed to follow a master plan
developed according to international and national professional
construction consultants before submitting the project plan to
senior government management for approval. Thus, all
databases and information should be provided to contractors
during the construction phase. The reason for the disagreement
on this issue seemed to be the lack of synergy between the two
groups. Another issue was that some contractors required
financial support from the government due to the expense of
green materials and equipment. In reality, the lack of
government funding was due to the complexity of procuring
national funds from the Finance and Economics Ministry.
Significantly different obstacles were also the lack of
exhibitions and promotion of green technology and no reward
and recognition program for contractors. The project owners
from the government ministry said that both obstacles were
unnecessary, while contractors preferred some rewards and
certificates from the government to show their good standing
in society when their companies chose to use a green concept.
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Most contractors also agreed on the need to have more
workshops and exhibitions on green technology to educate
people in the community to acknowledge the benefits of
sustainability.

The two parties differed also in the category of Cooperation
and attitude. Most project owners, who were government
officials, stated about the perspective of contractors and their
rejection of selecting a new concept for construction.
Government staff said that most contractors preferred to seek
more benefits and revenue rather than thinking about
sustainable construction. Project owners seemed to consider
obstacles in this category as having low impact, including lack
of interest, lack of awareness of quality, lack of cooperation of
contractors and subcontractors, and lack of client demand,
while contractors considered these as high impact obstacles.

The contractors and project owners shared similar opinions
regarding the other four categories of Funding issue, Green
material resource, Time and schedule, and Training and
knowledge. Based on the independent t-test, these four
categories had similar but not significantly different mean
values that represented common perspectives from both
groups. Contractors and project owners noted there was an
increase in the primary project cost when selecting green
technology, as the green materials were costly to purchase and
had added delivery costs as they were mainly sourced from
abroad. Furthermore, the design requirements for green
projects were higher than for conventional construction. All
these factors resulted in green projects costing more than
equivalent normal construction. For some green materials,
there were inadequate valid testing procedures, standard codes,
and databases that affected both parties, as they needed to
spend time to discover available green markets in other
countries, resulting in long delays. Most contractors and
projects owners agreed on the need to provide more training
and knowledge on the green concept to related stakeholders,
so all related parties had sufficient understanding of the theory
and practice of the green concept. Due to the low popularity of
the green concept in the country, the knowledge of the people
was limited, resulting in engineers not focusing on new green
concepts in the construction sector.

6. IDENTIFICATION OF ROOT CAUSES

After identifying the significant categories of obstacles, the
two highest impact categories from each group were selected
to determine root causes and seek solutions to implement
green concept adoption. Cause-and-effect diagrams were used
to map root causes and solutions for most impact categories
from various groups. The results in Table 2 show that the top-
two categories for the contractor group were: (1) Green
material resource and (2) Government management, while the
top-two for the project owner group were: (1) Training and
knowledge and (2) Green material resource.

The cause-and-effect diagrams included 14 obstacles from
both groups, with the roots causes of each obstacle placed next
to them. The root causes of obstacles were determined from a
comprehensive literature review before interviewing two
public and two private professional highway experts. Experts
A and B from the contractor group were experienced highway
engineers working in private construction projects with more
than 20 years and 15 of experience, respectively. Experts C
and D from the project owner group were government staff
working in the Ministry of Transportation in Cambodia.



Expert C had around 25 years of experience with highway
construction and was be a professor teaching civil engineering
at a private university, while Expert D had 15 years of
experience in highway construction. Root causes from the
literature and interviews were merged to develop competent

construction were discarded from the diagrams. Finally,
solutions and regulations to reinforce green technology
adoption were proposed based on root causes. Figures 2-4
show the three root causes diagrams from the high-impact
categories.

root causes diagrams. Root causes not related to highway

{ Lack of promotion or exhibition supported by government |

lI.ack of financial support from government

High tax on green material in country

3.2 Lack of sustainability course during university
degree [Expert D]

3. Disapprove fund from government staff from Economic
and Finance Ministry due to lacking knowledge on
benefit of green concept [Experts C,D|

3. No supporting fund from government
for promotion |Expert A|

3.1. Lower priority for green concepts compared
to other issues [Expert A], [12]

3.1. Lacking workshops to educate government
2. Lack of activity to create exhibition staff about sustainability [Experts C,D]
from government staffs [Expert D]
2. High priority on strength and quantity of road
rather than choosing green concept [Expert C|

2.1. Lack of team members and sponsorship
2.1. Extra money needed when choosing green

partners to conduct workshops [Expert D]

3.2, Unavailability of green material in the
country [20]
3. Importing green material from abroad
[Expert C], [27]
3.1. Small local market of green material
[Expert C]
2. The project was incorporation with
government |[Expert C|

2.1. No tax deduction from government for
some private projects [Expert C]

concept [Expert C]

1. Lack of workshop due to lack of interest
on green concept [Expert C[, [17] |Expert D|
1.1. Not effective for green practice after

workshop [Expert C] funding [Expert D]

1. Limited funds to develop green concept

1.1 Slow funding provided due to limited national

1. High cost of tax in transportation, checking,
and delivery for all materials [Expert D]
1.1. Complex process and many tax payments in
many parts [Expert D]

Government

2.2. Lack of attention or interest regarding green
program from top management [Expert A]

2. Lack of effective strategy programs from
government [Expert A]

2.1. Lack of management team in related
Ministry to organize the program [Expert A]

of country [Expert A]

1. Lack of supporting fund from
government [Expert A|

1.1. No package fund to prepare for reward
or recognition program [Expert A]

[Expert C]

3.2, Lacking human resource to develop standard
green code [Expert CJ

3. Lacking highway combination old code since
2003 with new green concept code [Expert C]

3.1. New code requirement with more criteria
and complex structure [Expert C]

2. Exclusion of green technology in legislation

2.1. Lower priority for green concepts compared
to other issues [Expert A], [12]

1. Lack of SDG 2030 (Sustainable Development
Goal 2030 from WHO |Expert C|

1.1. Applying only ASEAN code in country

Management

3.2 Exclusion of green technology in

legislation of the country [Expert A]
3. Lack of regulations to drive to green
technology used [Expert A], [20]

3.1. Lacking necessary policy to protect
sustainability [Expert A], [12]

2. Not applying green concept in all parts of
the country |Expert D]

2.1. Green concept is only for priority provinces
[Expert D]

1. Ineffective practice and lacking developing
masterplan [Expert C|, [32]

1.1. No case study or model to represent green
concept [Expert C]

No green reward, certificate, or recognition programs
to contractors

Lack of green technology standard codes, regulations, and

evaluation standard |Lack of inducement from government on green technology

Figure 2. Government management cause-and-effect diagram

Lack of research development center and facility |

I Unable to quantify actual quantity of green materials used

2.2. Limited funds to hire professional people and access
necessary research tools [Expert B], [17]

2. Lacking ability to conduct research from
individual university or institute [Expert B]

2.1. Lack of supporting funds from private sector and
Ministry of Education and Youth [Expert B]
1.2. Lacking demand on green technology [Experts A,D]

1. Lacking supporting funds to conduct research work
|Experts A, D]

1.1. No sponsorship from public and private companies
to support research [Expert A]

2.2. Evaluation was conducted by professional from abroad
with government project experience [Expert B]

2. Not allow contractors to present their work for green
experience |[Expert B|

2.1. No right for contractors to decide about plan and
schedule [Expert B]

1.2. Lacking sample and structured guidance, or case study
[Expert D], [29]
1. Limited ability of most graduated engineers in the
countries [Expert B|

1.1. Lack of basic training about green construction
[Expert B]
Green

3. Lacking ability to develop national information database
in country [Experts C,D|, |22]

3.1, The information, plan, and database were provided and
studied by JICA, ADB, World Bank [Expert C]

2. The slowness of process of funding from
government to require the databases [Expert C|

2.1.Developing cooperation between related ministries is
complicated [Expert C]

1. Higher costs of green information database
|Expert C|, [19]

1.1. Costing of some software programs [Expert C],[22]

of green concept [Experts A, B|

Resource

2.2, Lack funds to hire people to manage the material at
construction site [Expert B]

2. Unable to transfer green materials test to actual
construction site [Expert B|

2.1. Complication of geological location and road to access
[Expert B]

1. Small market of green material due to unpopularity

1.1. Small amount of green materials used [Expert B]

IInsufﬁcinnt information and database

|lnsut'ﬁcicnt green materials and no valid test

Figure 3. Green resource cause-and-effect diagram
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|.High technological risks and dangch

2.2. Unclear details of risk and harmful of green
operation [Expert B], [29]

2. Incaution during perform the task
[Expert B], [29]
2.1. Lack of cooperation between contractors and

subcontractors [Expert B], [19]

1.2, Rushing to complete the work [Expert B]
1. Lacking reinforcement advisory before working
hours |Expert B|

1.1. Contractors cautious to reinforce policies on
construction site [Expert B]

l[nsuﬂiciem designing and technical expertise

2.2. No international agreement among countries
[Expert D], [27]

2. Not allow enough experts to get training abroad
[Expert D|

2.1. Lack of funds to support expert training abroad
[Expert D]

1. Limited budget in construction firms to hire

the experts [Expert D], [24]

1.1. Priority on revenue rather than choosing high-paid

experts [Expert D]

Training and

2.2, Exclusion of sustainability curriculum from lower to
higher education [Experts B,D]

2. Mindset of some contractors to ignore green
concept education [Experts B,D]

2.1. No sustainability workshop to educate people in
community [Expert B]

1.2. Lack of material and laboratory for students to
practice in university [Expert B]

1. Lack of practicum experience on green
operation |Expert B|

1.1. Lack of practicum from university during the
degree course [Expert B]

2. Lack of budget to afford certificate or training
[Experts A, D]

1.2. Lack of demand from students [Expert D]
1. Lacking course or training from education
institutes or university [Experts A, D]

1.1. Lacking ability to provide professors, materials,
and facilities for green technology [Experts A, D]

2.2. High cost of green training course [Expert D]

Knowledge

2.1. High costs of certification [Expert D]

|Limilcd ability in using green technology mcllmdsl

|Lack of certification systems or training

Figure 4. Training and knowledge cause-and-effect diagram

6.1 Contractor perspectives

Experts A and B from the contractor group expressed some
opinions related to the reality of Cambodian highway
construction. Both these experienced experts pointed out some
main root causes that have led to green technology adoption
failure.

First, the failure of green adoption was due to the lack of
budget. Expert A provided some examples related to the root
cause of the lack of exhibition and green rewards for
contractors. The real problem behind those obstacles was the
lack of a supporting budget. In addition, expert A identified
other obstacles, such as the lack of a research center, or a green
certificate that was also related to insufficient funding. Having
a reasonable budget was a priority factor to push the green
concept successfully. Expert A suggested related ministries
and senior government officials should separate packaged
funding to any part of construction by applying the green
concept in the future. The lack of sufficient budget to hire
professionals to conduct the research and acquire research
facilities has led to the scarcity of research centers.

The other expert from the contractor group shared similar
opinions. Expert B shared the idea of insufficient budget for
improving green technology adoption. A long time and high
cost are necessary to process step-by-step improvements to
transform the education system to include the green concept in

the school curriculum from lower to higher levels of education.

Expert B proposed that the government allocate an extra
budget to support the education system by providing students
with more courses and training on green concepts. This would
lead to the green concept being understood by all age groups
in the country.
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6.2 Project owner perspectives

Experts C and D who were government officials from the
project owner group provided opinions toward the issues of
green concept content in Cambodian construction industry.

Expert C expounded on the issue of cooperation between
the contractor and government. To make the green concept
process run smoothly, it was very important to request
contractors to keep sustainability as a prime goal and not to
focus too much solely on benefits. As a result, the government
should play an important role in making the green concept
successful and in solving other issues that arise in projects.
Expert C added some ideas regarding insufficient budget
allocation to proceed with the green concept throughout the
country to offset the high cost of green concept projects and
the current limited funding by the Cambodian government.

Similarly, expert D raised the lack of budget for developing
the green concept. Expert D stated that in the Cambodian
construction sector, the government was starting to consider
the green concept and the smart city concept in prioritized
provinces. However, the government attempts made it hard to
understand the benefit of the green concept. Some new
infrastructure was connected from province to province and
was starting to apply the green concept. However, some
projects could not apply the green concept due to limited
government funding. As a result, the government needed to
select priority projects and proceed step-by-step, following the
“Rectangle Strategy”. Expert D suggested people in the
community should cooperate closely with government to
improve the green projects in the city. People who live in a
region that applies green concepts will get more benefits in the
future. Private companies that cooperate with the government
regarding green concept projects should place greater effort on
achieving the main goal of sustainability rather than thinking
about revenue.



Table 3. Summary of similarities and differences from each expert’s perspective

Suggestion

Perspective within-group Perspective

Contractors Owners between groups
Providing extra funds to support research work. v N/A N/A
Providing support budget for exhibition and reward v N/A N/A
Providing budget for data collection and mission from government v N/A N/A
Show high commitment to green practice N/A v N/A
Provide green knowledge to the lower education levels v v v
Create workshops to educate people in community about green v y y
concept.
Provide training to educate contractors about green technology used. v v v
Provide authority for contractors to decide on matters v x x
Provide precise information and databases v < x

Note: v similarity, x: difference, N/A: nothing provided

6.3 Comparison between contractor and project owner
perspectives

Besides the perspectives within each group, 4 experts from
both parties also shared the same opinions on the root causes.
Experts A and B from the contractor group emphasized the
importance of green concept knowledge. The green concept
must be promoted initially at lower education levels, such as
secondary school and high school, and then continue to the
university degree level. This would assist people from younger
generations to gain more knowledge and to understand the
benefits of the green concept. In the future, the green concept
will be an inevitable factor in society and people’s lives. In
agreement with the contractor group, experts C and D from the
project owner group concluded the attitude toward the green
concept was critical. Both these contractor experts mentioned
that contractors and related workers from other ministries
would accept green concept plans even if their costs were
higher than for normal projects, since they understood the high
value of the green concept. As a result, green knowledge had
great potential to encourage green concept implementation by
everyone in the community.

Both experts from the contractor group also suggested
governments delegate the authority to contractors to decide
and discuss initial planning before starting projects. Expert A
stated that most projects always followed government
decisions, including the bidding process, research mission,
editing work, and penalties. In addition, expert B was
concerned that in some provinces, his company had to allocate
a high budget to collecting data, since the budget from the
government was always delayed and had to pass through many
parts of the ministry before getting to contractors. As a result,
contractors needed to allocate their funds for this issue.
Regarding this issue, expert C from the project owner group
mentioned about contractors' work in the bidding process as
they provided insufficient information and detailed pricing on
each item. Some items and prices that contractors proposed
were not suitable for projects, leading to some projects having
problems in the future. Some contractors could not finish the
work by the deadline and always requested extra time. As a
result, government needs to authorize some essential tasks in
the projects. A summary of the similarities and differences for
the suggestions from the 4 experts is provided in Table 3.

7. CONCLUSIONS

The green concept is a vital idea to improve the construction
industry and environment and to develop a future sustainable
community. The identification of the root causes of critical
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obstacles on green technology adoption from the perspectives
of both contractors and project owners can help to evaluate the
real issues in the construction industry. The results indicated
that the Government management and Cooperation and
attitude categories were the two significantly different
categories between both parties, with contrasting ideas
presented in the survey. Nevertheless, the Training and
knowledge and Green material resource categories were the
top-two having the most impact according to the project
owners, while the contractors considered the Green material
resource and Government management categories were at the
top of their list. Additionally, the root causes of obstacles using
a cause-and-effect diagram presented the details of problems
from the high-impact categories according to the perspectives
of both contractors and project owners. This paper could be a
key to highlighting issues for highway practitioners and
government agencies to provide insight into essential solutions
for the highway industry and to develop future regulations to
reinforce sustainability in Cambodia. The findings of this
research will shed light on the adoption of the green concept,
which assists to increase awareness of the implementation of
green technology in highway construction. In addition, this
research contributes to an increasing number of future green
practices in highway construction, where most construction
stakeholders appear to be unfamiliar with the green concept.
Then, further investigation can be conducted to strengthen the
analytical results from this study. However, the study was
based on real-world information from the Cambodian
construction industry combined with a literature review.
Additional respondents and data from other perspectives in
developing countries are recommended to identify different
perspectives on green concept adoption in the region.
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