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Abstract

Sustainable buildings revolve around the concept of sustainability — to manage limited resources in order to meet the needs of
the present generation without compromising the future generations. The present research aims to evaluate both practical and
theoretical application levels of sustainable building constructions in the Kingdom of Bahrain via sustainability indicators. To
carry out this research, the population size is based on architects, contractors, and policy and decision makers from the
Kingdom of Bahrain, this research adopted a quantitative research approach by using survey questionnaires and the data
analysis was performed with the statistical software Statistical Package for Social Sciences (SPSS). Finally, the result of this
study is accumulated and presented, followed by recommendations for further research. Our results revealed that the
Kingdom of Bahrain weakly supports the level of sustainable building constructions, and it is important now, to integrate
renewable energy into buildings, particularly after the increasing prices of fossil fuel "oil and gas".

Keywords: Sustainable building construction, integrated renewable energy, fossil-based energy sources, CO2 emission.

1. Introduction

Over the past few years, buildings constructions contributed to the development of several sectors worldwide.
This leaded to the application of new concepts of environmental protection and management by individuals and
the entire society. One of the most important concepts extensively used in this field is the concept of
sustainability.

Nowadays, the term “sustainability” is used in various disciplines and in most countries worldwide,
fluctuating from the concept of maximum sustainable yield in forestry management to the vision of a sustainable
community with a steady economy (Brownet al., 1987). A suitable concept of sustainability, broadly or narrowly
defined, must clearly specify the context along with the chronology and scales that are considered. The term
refers to the goal in performing activities without depleting or damaging the available resources (Brundtland
Commission, Our Common Future, 1987).

In the context of building constructions, sustainability consists in reducing the environmental impact during
and after the construction process in order to attend the ongoing requirements and to maintain the same impact in
the future.

Each year, an increasing number of buildings (shopping malls, residential and commercial properties, and
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other landmarks) emerges in the Kingdom of Bahrain. Huge projects even generated new islands, such as
Amwaj, Diyar AlMuharraq, Durrat Al Bahrain, and others (A.AlRaees, 2015). Therefore, in order to reduce the
negative impacts of this built environment, we should emphasize the need for raising the level of sustainability in
the building constructions of the Kingdom of Bahrain. This approach aims to reduce energy consumption, carbon
and water emissions, and any other negative environmental impact.

Based on that, the government of the Kingdom of Bahrain took an initiative to work on more than 40
environmentally friendly building projects as a part of sustainability development (Al Murbati, J, 2014). The
lack government support and financial justification certainly limit the construction of sustainable buildings.

Al Naser and Flanagan (2007) reported that many buildings constructed in the Kingdom of Bahrain and in the
region did not consider any sustainability criteria. The construction companies used materials such as glass
claddings and big openings in the design and construction of the building, thus, leading to an energy crisis as
well as damaging the environment by contributing to more COz emissions.

Under this scenario, the present study will evaluate the current application level of sustainable construction of
buildings in the Kingdom of Bahrain. We will investigate to which extent the sustainability indicators are used
and the way their application in the construction of building sector in the Kingdom of Bahrain.

2. Study Problem

The application of sustainability concept may bring prosperity of growing markets. According to Isarangkun
and Pootrakool (2002), sustainability consists of the most important goal in countries that seek for growing their
economic, social, and environmental sectors. Al Naser and Flanagan (2007) suggested a set of indicators for
evaluating the sustainability in building constructions: (1) the possibility for on-site renewable energy
generation; (2) the reduction of fossil-based energy sources used during the construction process; (3) the building
of more user-friendly and less complex management systems; and, finally, (4) the presence of buildings systems
that reduce CO2 emission, construction and demolition waste, and stop the pollution of indoor air. Therefore, the
present study focuses on evaluating the application level of sustainable construction of buildings in the Kingdom
of Bahrain. It evaluates to which extent the above-mentioned sustainability indicators are used and the way they
are applied in the construction of building sector in the Kingdom of Bahrain.

3. The Purpose of the Study

The study purpose consists in to investigate the application level of sustainable strategies for buildings
construction in the Kingdom of Bahrain by evaluating its sustainability indicators. It evaluates the adoption of
the above-mentioned set of sustainability indicators (Naser and Flanagan, 2007), and also determine their
application in the sector of building construction of the Kingdom of Bahrain. The present study might contribute
to providing a clear picture for government and all interested partners regarding the application level of
sustainability criteria in guiding the sector of building constructions in the Kingdom of Bahrain.

4. The Study Objective
The main objectives of this study are to use sustainability indicators to evaluate the current level of

sustainability criteria that guide the construction process of buildings in the Kingdom of Bahrain. The findings
expected from this research will lead to more in-depth studies for this area.
The objectives of this research are:

1. To evaluate the application level of sustainability in building constructions in the Kingdom of Bahrain.

2. To evaluate to which extent building sector in the Kingdom of Bahrain adopts and applies sustainability

indicators in their construction of buildings.

5. Study Questions

The main research question of this study consists in understanding the application level of sustainable
buildings construction in the Kingdom of Bahrain from the viewpoint of specialists. The following five questions

were formulated by extracting important indicators from the literature review.

1. What are the possibilities to generate on-site renewable energy within building construction in the



H. Algahani, b. Alarenii/ J Sustain. Construct. Mater. Technol. 5(2) (2020) 450-466 452

Kingdom of Bahrain?

2. Is the consumption of fossil-based energy reduced in terms of energy embodied in materials,
construction process, and energy used through the lifetime of the buildings?

3. Are the building management systems in Kingdom of Bahrain user-friendly and less complex?

4. Do such buildings reduce CO2 emission, minimize construction and demolition waste, and prevent
indoor air pollution?

5. What are sustainability indicators used and how they drive in the construction processes of building
sector in the Kingdom of Bahrain?

6. Research Significance

Architecture and Urbanism play a crucial role in determining the resources consumption and distribution in
space. With that in mind, to achieve an equitable and sustainable design should take into account the vital role
played by the design of the built environment. For example, the design of cities and buildings directly determine
the carbon emissions. The built environment dominates humanity’s impact on nature and contributes to climate
change, resources depletion, waste, over-consumption, diminished human health, and other significant problems.
Therefore, in order to sustain ourselves under a scenario of climate change crises, the best route should approach
a sustainable future by building more sustainable environments with equitable carbon footprints.

All development and conservation planning should consider sustainability as its foundation. The future of
human health and well-being and the health of our planet as a whole largely depend on the adoption of
sustainable practices. This highlights the importance of sustainability in the built environment as the
conventional human habitation dramatically altered the environment with serious and cumulative impacts.

Sustainability should be taken into account in all the phases: planning, design, construction, and preservation
of the built environment. It helps these activities to reflect multiple values and considerations. Traditionally, the
arts and sciences of the built environment seek to integrate values and foster creative expression. All these
capabilities can and should lead a sustainable movement, especially considering that society seeks for ways to
live in an equilibrium, balancing its own diverse needs and the natural world. Given the growing environmental
impact of building environments, the search for sustainability will not succeed without taking into account the
need for finding this balance.

Sustainable built environments require a planning that goes beyond individual disciplines. It is crucial to
consider the variety of economic, social, and environmental impacts of our long-term decisions. A decision to
build environmental-friendly residences in an isolated location may pass some of the tests of sustainability like
reduction in storm water runoff, energy-efficiency, and ecological sustainability in the building but it may fail to
be sustainable from a transportation perspective. The sustainability challenge in the built environment should not
be limited to only one area of knowledge but to become multi-disciplinary and trans-disciplinary in our teaching
and learning.

7. Construction Industry of Bahrain

As illustrated in 2.6 below, the kingdom of Bahrain has witnessed a prompt population increase alongside a
continuous growth of cities. The result is an increased pressure on the overall construction sector in addition to
provision of social facilities for the benefit of the present growth demands and certifies continued provision of
equal and better facilities for the future needs. In addition to that, Ahmed (2013) has underlined that the sector of
edifice represents continuing sensation resulting from the revolution of economy and the rapid growth of people
equally lead to the pledgee the sustainable building since the last years and was applied during the crisis that led
to depletion of oil and environmental challenges. Previously, the base to the establishment of ‘green
construction’ rules and regulations followed the enforcement of policy on oil depletion. To that effect, the
subsequent sections in the introduction chapter offers a discussion on the current efforts as well as related
challenges arising in Bahrain on this issue besides giving facts in relation to green design launch and
significance.
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Figure 2.6: Population of Bahrain (Source: World Population Review, 2014)

The initiatives adopted by the kingdom of Bahrain through the Economic Vision 2030 launched by His Majesty
King Hamad bin Isa Al-Khalifa in October 2013 in an effort to present a holistic and ambitious vision focused on
the shaping of society, economy, environment, and the government around the foundations of fairness,
sustainability, and affordability. The vision of economy offers the Bahrain régime with specific principles to
develop the economy in every dimension and at the same time ensures an improvement in the living standards of
citizens to a global height. Together with the economic vision 2030, the liberal population increase, the country
has beheld a noteworthy stress on construction marketplace stemming from the function of buildings to provide
somewhere to stay varied purposes and amenities in unity with the prescribed policy standards. However, the
scarcity allied with availability of quality land parcel for expansion of current urban buildings has prompted
government consultants to secure expansion through land retrieval. The program has focused on providing a
suitable quality of land along with an area for the necessitated development of new urban houses. Thus, the aim
is to build new cities in line with the basic infrastructure and numerous structures to serve citizens. Of note, any
economic development demands the provisions of buildings, for instance, commercial, residential, industrial or
recreational. According to Cooker and Lazzeretti (2008), Economic development founded on any aspect should
provide the government, private sector, local communities, and non-profit organizations the prospect of
interacting and working together as composite unity geared towards improving the local economy.

Fundamentally speaking, a number of factors are in line to consideration in an effort to allow Bahrain as a
country enhances her local economy. The superseding factor mentions the reduction of undesirable influences of
the building improvement on the ecosystem besides increasing the wellbeing of users. In fact, it is significant to
hearten bearable growth in every dimension for promoting a vigorous public. To that end, the writer accurately
indicates that raising economy of a country requires a concurrent investment in high quality buildings that are in
uniformity with related laws and regulations.

8. Indicators of Sustainable Building

According to Ferreira (2016), The concept of sustainable building construction has been acknowledged as a
construction or design system of evaluation of robustness of building, comfort, and efficacy of energy from an
overall point of view. To that end, the concept covers design, site of construction, and the envelope resources
geared towards meeting the objectives of inhabitants for a healthy life. A number of worldwide and national eco-
friendly rating system of constructions focuses on the establishment of sustainable built environment intended to
limit the impacts that damage the environment. Environmentalists have achieved the goal through the
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development of a set of performance-based standards directed towards realizing exclusive desires of a country or
region and its atmosphere. Additionally, the assessments of constructions remain elastic and are applicable in
different building typologies.

The indicators of sustainable construction reflect the immediate section of the principal emphasis in this
study, particularly the designing of the rating systems to evaluate the construction sector based in a united
approach with the socioeconomic and environmental. Further, the characteristics of supportable and sensible
framework founded on a substitutable and cooperative slant among varied participants. In addition to that, the
said systems of rating expose architects, builders, and users to significant challenges in terms of developing and
building structure that satisfy the requirements of sustainable building and benchmarks, including water and
energy conservation, use of strong and ecological resources that focus on a vigorous and conform indoor
settings.

Al Naser and Flanagan (2007) suggested a set of indicators for evaluating the sustainability in building
constructions, there are many indicators for sustainable building design. Among these:

1. Identifying opportunities to generate on-site renewable electricity, i.e. like Building-Integrating
Photovoltaic (BIPV).

2. Minimizing the use of fossil-based energy in terms of energy embodied in the material, transport and

construction process and energy used during the lifetime of the building.

Ensuring that building management systems are user friendly and not over-complex.

4. Among the guidance for the design of government policies to address the environmental issues related
to sustainable building is reducing of CO2 emission, minimizing of construction and demolition waste,
and prevention of indoor air pollution.

w

These above indicators are used in the present study to focus on evaluating the application level of
sustainable construction of buildings in the Kingdom of Bahrain, and to evaluate to which extent they are used
and the way they are applied in the construction of building sector in the Kingdom of Bahrain.

9. Research Method

In order to reach the research objectives, this study adopted a quantitative research approach by using survey
questionnaires to collect and analyze data of sustainable building constructions in the Kingdom of Bahrain. To
measure the main factors of the research, the survey consisted of 4 sections and each section contains from 2 to 3
close-ended questions and 20 factors obtained from sustainability factors to find the obstacles, problems and any
recommendation for the construction of sustainable buildings.

10. Study Hypotheses

The purpose of following hypothesis is to study and evaluate the application level of sustainable building
construction in Bahrain, the researcher developed these hypotheses based on the literature review. That is to
assess the application level of sustainable construction of buildings in the Kingdom of Bahrain. The following
part highlights the study hypothesis:

H1: There are possibilities to generate on-site renewable energy within building construction in Bahrain.

H2: Fossil-based energy consumption is reduced in terms of energy embodied in materials, construction
process, and energy used through the lifetime of the buildings in Bahrain.

H3: The building management systems in Bahrain are user-friendly and less complex.

H4: Buildings construction in Bahrain reduces CO2 emission, minimize construction and demolition waste,
and prevent indoor air pollution.

11. Data Collection and Study Sample

Data was collected from the selected sample for the study; research tools, the survey was distributed within
the project period to allow an appropriate analysis of the data. Beyond the data gathered from the survey, the
study also includes as data source academic textbooks and notes, scientific journals, conference publications,
governmental publications, newspapers, the Internet.
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The study adopts a random sampling to choose the set of architects, contractors, and policy and decision
makers from the Kingdom of Bahrain to answer the questionnaire. The list of engineers is extracted from the
council for regulating the practice of engineering professions. The population size of engineers was extracted on
June 2018; the population size was around 1,500 in private and governmental sector. An annual report from the
Council for Regulating the Practice of Engineering Professions was used for extracting a sample based on the
various sectors in the kingdom of Bahrain. According to the report, an available sampling size at 95% confidence
interval for the population size of 1500 is 309 respondents.

Questionnaires used for this research contain questions in the theoretical framework appropriated for analysis
with the help of statistical analysis. The questionnaire is based on five sections defined in conceptual framework:
generate on-site renewable energy in construction, fossil-based energy consumption & buildings materials,
building management systems, co® emission in the construction, and sustainable factors. The questionnaire
exhibits ‘criteria validity’ as it revolves around finding the main research objective to evaluating the application
level of sustainable buildings in construction. The questionnaire adopted the Likert 5-point scale, ranging from
strongly disagree to strongly agree.

12. Analysis and Results

12.1 Reliability of Data:

The Reliability Test contributes to check the internal reliability of the questions under analysis. The
Cronbach’s alpha was used in measuring the internal consistency, especially because multiple Likert questions in
the questionnaire used a 5-point scale and thus, the scale is determined if reliable. According to the reliability
statistics output (Table 4.1), the Cronbach’s Alpha is 0.912 suggesting a high level of internal consistency for the
scale. Therefore, the scaling questions is pass the reliability test.

Table 1: Result of the reliability test

Cronbach's Alpha
, Based on
Cronbach's Alpha Standardized # of Items
Items
912 916 23

12.2 Viability of Data:

In order to test the validity, all the questions in this survey confirmed. On top of that, the validity tested through
a pilot test by distributing the survey to four neutral and experienced participants in the educational field.
Adjustments made to the survey based on their comments to ensure the accuracy and clarity of the questions.

12.3 Testing of normality:
Table 4.2: Result of the normality test

Questions Shapiro-Wilk
Statistic df Sig.
1 Generate on-site renewable energy in construction 0.844 309 0.000
2 Fossil-based energy consumption & building 0.861 309 0.000
materials
3 Building management systems 0.887 309 0.000
4 CO2 emission in the construction 0.883 309 0.000
5 Sustainable factors 0.830 309 0.000

Testing normality is used to identify the method that is used in the study and to determine whether it is
parametric of non-parametric test. Table 4.2 summarize the results, as Shapiro- Wilk test is used. As shown in
the table, all p-values are less than 5%. Based on these results, the parametric tests are used in this study.

12.4 Hypotheses Testing:
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Table 4.3 shows the significant value of each question used in the test. At 95% level of confidence, the
test is significant for “evaluate the level of sustainable buildings” by showing a mean significantly bigger than 3
(p<0.05, T-test > +1.96), with a standard deviation smaller that one. Overall, the results point out the building
construction sector take into account the level of sustainability in the building.

Table 4.3: Hypotheses Testing

Questions N Mean Std. Deviation T-test Sig.
(2-tailed)
1 Generate on-site renewable energy in 309 3.2597 0.082567 5.529 0.000
construction
2 Fossil-based energy consumption & building 309 3.7961 0.076586 18.273 0.000
materials
3 Building management systems 309 3.2597 0.74341 6.141 0.000
4 CO2 emission in the construction 309 3.2848 0.67003 7.472 0.000
5 Sustainable factors 309 3.9252 0.53635 30.324 0.000

12.5 Descriptive Analysis:

The questionnaire gathered information from participants through many statements; the following table
summarizes the answer frequencies and percentage along.

Table 4.4: Frequency table for questioner answers

N Question Answers
0.

Strongly | Disag | Neutr | Agre | Strongl
Disagree ree al e y Agree
Generate on-site Renewable Energy in Construction

1 | Building construction is designed to use the renewable No. of 42 84 69 75 39
energy in Bahrain. responses
(%) 13.6% 272% | 22.3% | 243 12.6%
%
2 | The wind energy is used in building construction in No. of 60 108 63 63 15
Bahrain. responses
(%) 19.4% 35.0% | 20.4% | 20.4 4.9%
%
3 | The solar energy is used in building construction in No. of 42 87 51 75 54
Bahrain. responses
(%) 13.6% 28.2% | 16.5% | 243 17.5%
%
4 | It is important now, to integrate renewable energy into No. of 3 3 15 108 180

buildings, particularly after the increasing price of fossil- | responses
fuel “Oil and gas”.

(%) 1% 1% 4.9% 35% 58.3%
Fossil-based energy consumption & building materials

1 | The consumption of fossil-based energy “Oil and gas” is No. of 3 24 117 108 57
reduced in terms of energy embodied in materials, | responses
construction process, and energy used through the lifetime
of the buildings.

(%) 1% 7.8% | 37.9% | 35% 18.4%
2 | With the industry’s drive towards sustainability, the No. of 3 21 51 141 93
designers generally are paying more attention to materials | responses
used in the construction process, to ensure the most
efficient products are used.

(%) 1% 6.8% 16.5% | 45.6 30.1%
%

Building management systems

1 | Designers are using the Building Management System No. of 6 39 117 117 30
“BMS” in Bahrain. responses
(%) 1.9% 12.6% | 37.9% | 37.9 9.7%
%
2 | The Building Management Systems “BMS” in the No. of 12 24 102 144 27

Kingdom of Bahrain are user-friendly and less complex. responses
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(%) 3.9% 7.8% 33% 46.6 8.7%
%
3 | It is easy to implement a project with the installation of No. of 12 78 81 99 39
solar and wind energy to generate power in building | responses
construction.

(%) 3.9% 252% | 262% | 32% 12.6%
4 | There is enough being done to apply a new sustainable No. of 21 108 81 78 21
construction industry. responses
(%) 6.8% 35% | 262% | 252 6.8%

%

CO: emission in the construction

1 | The buildings in Bahrain reduce CO, emission, minimize No. of 18 102 78 81 30
construction and demolition waste, and prevent indoor air | responses
pollution.
(%) 5.8% 33% | 252% | 26.2 9.7%
%
2 | Around 52% of the Bahrain CO: emissions are created by No. of 21 78 99 96 15

the construction and usage of buildings and many | responses
personnel within the construction industry are aware of
this fact.

(%) 6.8% 25.2% 32% 31.1 4.9%
%
3 | Sustainable construction methods can significantly reduce No. of 6 12 75 153 63
COz emissions and waste, and that use of these methods | responses
generally results in increased capital costs.

(%) 1.9% 39% | 243% | 495 20.4%
%

o Generate on-site Renewable Energy in Construction
1. Building construction is designed to use the renewable energy in Bahrain.

Concerning if building construction is designed to use the renewable energy in Bahrain, the respondents
rated this factor on a scale of 1-5, whereby 1 represented a strong disagreement and 5 a strong agreement.
According to the table 4.4, the majority of the respondents, 27.2% disagreed with this statement, 24.3% and
22.3% agreed or were neutral, respectively. Moreover, regarding the extreme options, 12.6% of the respondents
agreed strongly and 13.6% disagreed strongly.

2. The wind energy is used in building construction in Bahrain

When the respondents confronted the statement of the wind energy usage in building construction in Bahrain,
most of them disagreed (35%) or strongly disagreed (19.4%). However, 20.4% were neutral, 20.4% agreed, and
4.9% strongly agreed, thus suggesting that the majority of the sample do think that Bahrain building
constructions make use of the wind energy (Table 4.4).

3. The solar energy is used in building construction in Bahrain.

We also observed the same pattern regarding the usage of solar energy. The relative proportion of
respondents disagreed (28.2%) or strongly disagreed (13.6%) to the statement. However, when we take into
account the total number of respondents we found that the majority of them remained neutral (16.5%), agreed
(24.3%) or strongly agreed (17.5%) as shown in table 4.4.

4. It is important now, to integrate renewable energy into buildings, particularly after the increasing prices of
fossil-fuel “Oil and gas”

Concerning the importance of integrating renewable energy in buildings, particularly after an increase of fossil-
fuel prices, the majority of respondents (58.3%) strongly agreed or agreed (35%) on the need to integrate
renewable energy into buildings. Only 4.9% of the respondents remained neutral, 1% disagreed and another 1%
strongly disagreed (Table 4.4).

o HI1: There are possibilities to generate on-site renewable energy within building construction in
Bahrain.

As the above table (table 4.4) illustrate, there are no possibilities to generate on-site renewable energy
within building construction in Bahrain. This result does not support H1, and therefore, H1 is rejected.
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o Fossil-based energy consumption & building materials

1. The consumption of fossil-based energy “Oil and gas” is reduced in terms of energy embodied in materials,
construction process, and energy used through the lifetime of the buildings

When confronted with the statement regarding the reduction of fossil-based energy consumption in the
process of construction, energy embodied in the material, and maintenance of buildings construction, we report
that 37.9% presented a neutral position to this statement, whereas 35% and 18.4% agreed and strongly agreed,
respectively. Only a few minorities disagree (7.8%) or strongly disagree (1%) with the statement as shown in
table 4.4.

2. With the industry’s drive towards sustainability, the designers generally are paying more attention to materials
used in the construction process, to ensure the most efficient products are used.

According to the table 4.4, the respondents agreed (45.6%) or strongly agreed (30.1%) with the statement
that the industry drives towards sustainability and the designers are more concerned with developing new
sustainable and more efficient materials to apply in the construction process. Part of the respondents remained
neutral (16.5%) and only a few disagreed (6.8%) or strongly disagreed (1%) with this statement.

o H2: Fossil-based energy consumption are reduced in terms of energy embodied in materials,
construction process, and energy used through the lifetime of the buildings in Bahrain.

As the above table (table 4.4) illustrate, Fossil-based energy consumption are not reduced in terms of
energy embodied in materials, construction process, and energy used through the lifetime of the buildings in
Bahrain. This result does not support H2, and thus H2 is rejected.

o Building management systems
1. Designers are using the Building Management System "BMS" in Bahrain

Concerning the building management systems, the issue of the designers being used to manage buildings in
Bahrain, our results in table 4.4 shows that although 37.9% remained neutral to the issue, 37.9% of the
respondents agreed and 9.7% strongly agreed with the statement. Only, 12.6% and 1.9% disagreed and strongly
disagreed, respectively.

2. The Building Management Systems "BMS" in the Kingdom of Bahrain are user-friendly and less complex

Concerning the usability and complexity of the Building Management Systems "BMS" in the Kingdom of
Bahrain, the majority of the respondents agreed (46.6%) or strongly agreed (8.7%) that the BMS consists of a
user-friendly and less complex system. However, 33% remained neutral, and 7.8% and 3.9% respectively
disagreed and strongly disagreed as revealed in table 4.4.

3. It is easy to implement a project with the installation of solar and wind energy to generate power in building
construction

The third factor on building management systems discuss the reliability of using renewable energy sources
to generate power for the building construction. Our results showed that 32% of the respondents agreed that it is
easy to implement this kind of project and 12.6% strongly agreed. On the other hand, 26.2% remained neutral,
25.2% disagreed and 3.9% strongly disagreed, thus suggesting some difficulties in trying to implement new
sources of energy in the building sector (Table 4.4).

4. There is enough being done to apply a new sustainable construction industry

This statement concerns about what is being done in order to foster new sustainable construction industry.
The table 4.4 shows that 35% disagreed and 6.8% strongly disagree with the statement. Neutral answers
corresponded to 26.2% of the respondents. We also observed that 25.2% agreed with the statement followed by a
strong agreement of 6.8%. Therefore, according to the opinion of the professionals in the construction building
sector, what is currently done in the sector might not foster a new sustainable construction industry.

o H3: The building management systems in Bahrain are user-friendly and less complex.



H. Algahani, b. Alarenii/ J Sustain. Construct. Mater. Technol. 5(2) (2020) 450-466 459

As the above table (table 4.4) illustrates, the building management systems in Bahrain are user-friendly and
less complex. This result supports hypothesis 3, therefore H3 is accepted.

o) CO: emission in the construction

The emission of carbon dioxide in the construction was one of the major concerns for the study. The
following analysis shows that the buildings in Bahrain reduce CO2 emission, minimize construction and
demolition waste, and prevent indoor air pollution. We also showed that many personnel in the construction
industry are aware of the fact that nearly 52% of the Bahrain CO2 emissions originated from the construction. In
fact, sustainable construction methods may significantly reduce CO2 emissions and waste, however, these
methods generally result in increased capital costs, a new issue to this sub-factor.

1. The buildings in Bahrain reduce CO2 emission, minimize construction and demolition waste, and prevent
indoor air pollution

According to the table 4.4, a major part of the respondents disagreed (33%) or strongly disagreed (5.8%)
pointing to the issue of CO2 emissions in the construction sector of Bahrain. However, 25.2% of the respondents
remained neutral, 26.2% agreed and 9.7% strongly agreed with the statement. Therefore, we found a lack of
consensus concerning the environmental problems.

2. Around 52% of the Bahrain COz emissions are created by the construction and usage of buildings and many
personnel within the construction industry are aware of this fact.

Concerning the awareness of the personnel in the construction industry, we found that 32% of the
respondents were neutral, but a total of 36.0% agreed (31.1%) or strongly agreed (4.9%) that the personnel in the
construction industry are aware of the fact the nearly 52% of Bahrain CO: emissions originated from the
construction and usage of buildings. However, 25.2% of the respondents disagreed with the statement and 6.8%
strongly disagree, thus revealing that many professionals in this field might not be aware of the contribution of
the construction industry in the country COz emissions.

3. Sustainable construction methods can significantly reduce CO: emissions and waste, and the use of these
methods generally results in increased capital costs.

Our results in Table 4.4 demonstrated that 49.5% of the respondents agreed in the increased costs that
sustainable method might bring to the building constructions. Moreover, 20.4% strongly agreed with the
statement, thus composing the majority of answers (69.9%). Neutral answers corresponded to 24.3% of the
interviewed sample and a small proportion disagreed (3.9%) or strongly disagreed (1.9%) with the statement.

o H4: Buildings construction in Bahrain reduces CO2 emission, minimize construction and demolition
waste, and prevent indoor air pollution.

As the above table (table 4.4), Buildings construction in Bahrain not reduces CO2 emission, minimize
construction and demolition waste, and prevent indoor air pollution. This result not support hypothesis 4, and we

reject H4.

Table 4.5: Frequency table of sustainable factors

Answers
No. Factor Strongly Disagree Neutr Agre Strongl
Disagree al e y Agree
Economic factors
1 Ownership cos No. of 3 18 93 150 45
(Depreciation — insurance — license- registration responses
and taxes — finance charges) (%) 1% 5.8% 30.1% 485 14.6%
%
2 Cost of equipment No. of 6 15 66 162 69
responses
(%) 1.9% 4.9% 21.4% 52.4 19.4%
%
3 Operational cost in building No. of 3 18 63 165 60
responses




H. Algahani, b. Alarenii/ J Sustain. Construct. Mater. Technol. 5(2) (2020) 450-466 460
(%) 1% 5.8% 20.4% 53.4 19.4%
%
Environmental factors
1 Reduce building gases emissions No. of 6 18 66 147 72
responses
(%) 1.9% 5.8% 21.4% 47.6 23.3%
%
2 Fossil fuel consumption No. of 9 21 75 159 45
responses
(%) 2.9% 6.8% 24.3% 515 14.6%
%
3 Energy saving No. of 0 15 36 132 126
responses
(%) 0% 4.9% 11.7% 42.7 40.8%
%
4 Noise control No. of 0 18 42 147 102
responses
(%) 0% 5.8% 13.6% 47.6 33%
%
5 Vibration control No. of 3 12 69 156 69
responses
(%) 1% 3.9% 22.3% 50.5 22.3%
%
6 Quality of equipment No. of 0 6 48 162 93
responses
(%) 0% 1.9% 15.5% 52.4 30.1%
%
7 Oil/Lube leakage control No. of 3 15 54 162 75
responses
(%) 1% 4.9% 17.5% 52.4 24.3%
%
8 Use of sustainable fuels No. of 3 6 69 159 72
responses
(%) 1% 1.9% 22.3% 515 23.3%
%
9 Use of biodegradable lubricants and hydraulic No. of 3 9 105 144 48
oil responses
(%) 1% 2.5% 34% 46.6 15.5%
%
10 Reduce pollution and waste No. of 6 3 24 153 123
responses
(%) 1.9% 1% 7.8% 49.5 39.8%
%
Human and social factors
1 Availability of local skilled engineers/ operator No. of 0 30 45 147 87
responses
(%) 0% 9.7% 14.6% 47.6 28.2%
%
2 Availability of healthy environment No. of 6 15 54 138 96
responses
(%) 1.9% 4.9% 17.5% 44.7 31.1%
%
3 Availability of operator view and comfort No. of 0 18 69 168 54
responses
(%) 0% 5.8% 22.3% 54.4 17.5%
%
4 Availability of safety features No. of 0 15 42 159 93
responses
(%) 0% 4.9% 13.6% 515 30.1%
%
5 Availability of operator proficiency No. of 0 15 66 162 66
responses
(%) 0% 4.9% 21.4% 52.4 21.4%
%
6 Availability of training needs for operator No. of 9 21 54 147 78
responses
(%) 2.9% 6.8% 17.5% 47.6 25.2%
%
7 Availability of relationship with dealer/ supplier No. of 6 18 48 165 72
responses
(%) 1.9% 5.8% 15.5% 53.4 23.3%
%




H. Algahani, b. Alarenii/ J Sustain. Construct. Mater. Technol. 5(2) (2020) 450-466 461

o Factors are importance in the selection of onsite equipment and in relation to the sustainable
buildings.

1. Economic factors

Some of the important factors in the selection of onsite equipment and in the relation to the sustainable
buildings included: Ownership cost (Depreciation — insurance — license- registration and taxes — finance
charges), Cost of equipment, and Operational cost in building.

o Ownership cost (Depreciation — insurance — license- registration and taxes — finance charges)

According to the table 4.5, 48.5% agreed and 14.6% strongly agreed that ownership cost (Depreciation —
insurance — license- registration and taxes — finance charges) consists of one of the economic factors for
selecting onsite equipment related to the sustainable buildings. A relevant proportion of respondents did choose
the neutral option (30.1%) and only a small proportion disagreed (5.8%) or strongly disagreed (1%) with the
statement.

o Cost of equipment

Concerning the economic impact of the equipment costs, we observed that, out of the 309 respondents,
52.4% agreed and 19.4% strongly agreed on the importance of costs in driving the selection of onsite equipment
related to the sustainable buildings. Another relevant part (21.4%) remained neutral to the suggestion, but 4.9%
and 1.9% disagreed and strongly disagreed, respectively, to the suggestion as shown in table 4.5.

o Operational cost in building
According to the table 4.5, 53.4% agreed on the importance of operational cost for the selection of onsite
equipment related to more sustainable buildings, and more 19.4% strongly agreed on this. We also report a
considerable proportion of neutral opinions (20.4%). On the other hand, only a small proportion of the

respondents disagreed (5.8%) or strongly disagreed (1%) with this statement as proposed in the questionnaire.

2. Environmental factors

On environmental factors affecting the selection of onsite equipment and in the relation to the sustainable
buildings, we reported the following issues:

o Reduce building gases emissions

According to the table 4.5, 47.6% and 23.3% agreed and strongly agreed on the significance of reducing the
building gases emissions during the selection of onsite equipment for implementing more sustainable buildings.
Neutral answer corresponded to 21.4% of the respondents, while 5.8% disagreed and 1.9% strongly disagreed
with the need for reducing gases emissions.

o Fossil fuel consumption

We found a similar pattern regarding the fossil fuel consumption: 51.5% agreed and 14.6% strongly agreed
that the selection of onsite equipment and the relation to the building sustainability. Another relevant proportion
corresponded to the neutral answer (24.3%). Here, again, only a few respondents either disagreed (6.8%) or
strongly disagreed (2.9%) regarding the fossil fuel consumption.

o Energy Saving
Energy saving is one of the major environmental factor considered in the selection of onsite equipment,
and, consequently, relates to the building's sustainability. Our results showed (Table 4.5) that 42.7% agreed and
40.8% strongly agreed to this statement. A small proportion did choose a neutral answer (11.7%) and a

diminished amount of respondents disagreed (4.9%). No respondent strongly disagreed (0%) with the statement.

o Noise control
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Noise control is a major environmental concern for the respondents whereby 47.6% agreed and 33% strongly
agreed on the importance of this environmental factor in the selection of onsite equipment and in the relation to
the sustainable buildings. Others 13.6% remained neutral and 5.85% disagreed on the importance of noise
control. Here again, no respondent strongly disagreed with the statement.

o Vibration control

According to the table 4.5, a total of 72.8% respondents considered vibration control important, 22.3% of
which strongly supported this idea. Moreover, neutral answers corresponded to 22.3% of the sampling group.
Finally, respondents who disagreed or strongly disagreed do not comprise a relevant proportion of the population
corresponding to 3.9% and 1%, respectively.

o Quality of equipment

The large majority of the respondents (83.5%) also considered the importance of equipment’s quality as a
major environmental factor related to buildings sustainability. Table 4.5 shows that 52.4% and 30.1% are agreed
and strongly agreed with the statement and 15.5% choose a neutral answer. However, 1.9% did disagree and no
responded presented a strong disagreement regarding this factor.

o Oil/ lube leakage control

Respondents considered oil or lube leakage control a decisive factor in the selection of onsite equipment and
in relation to the sustainable building. In total, 52.4% agreed with the proposed statement and 24.3% strongly
agreed (Table 4.5). Neutral answers corresponded to 17.5% of respondents, and only a small proportion of the
answer pointed to a disagreement (4.9% disagreed and 1.0% strongly disagreed).

o  Use of sustainable fuels

Another important environmental factor refers to the use of sustainable fuels guiding the selection of onsite
equipment and its relation to the sustainable buildings. Table 4.5 shows that 51.5% and 23.3% of the respondents
agreed and strongly agreed with the statement, respectively. Another relevant proportion (22.3%) remained
neutral. Interestingly, only a diminished part of respondents disagreed (1.9%) or strongly disagreed (1.0%).
Thus, the large majority of sampled individuals understand the relevance of sustainable fuels for the construction
of sustainable buildings.

o  Use of biodegradable lubricants and hydraulic oil

According to the table 4.5, most of the respondents (46.6%) agreed that the use of biodegradable lubricants
and hydraulic oil is one of the environment factors for selecting onsite equipment and in relation to the
sustainable buildings, and 15.5% even strongly agreed with this statement. Neutral answers corresponded to
34.0% of the sampled population. We also highlight the small percentage of respondents that disagreed (2.9%)
or strongly disagreed (1.0%) to the evaluated statement.

o Reduce pollution and waste
Regarding the importance of reduced pollution and waste, 49.5% of our respondents agreed and 39.8%
strongly agreed that these environmental factors play an important in the selection of onsite equipment and in
relation to the sustainable buildings. Interestingly, only 7.8% chose a neutral answer and an even small

percentage disagreed (1%) or strongly disagreed (1.9%) to the statement.

3. Human and social factors

In order to check the importance of human factor in selecting onsite equipment and in the relation to the
sustainable buildings, the following items investigate the opinion of our sampled population regarding this
issues.

o Availability of local skilled engineers/ operator

According to the analysis of the human and social indicators, the availability of local and skilled
engineers/operators consists of an important factor for 75.8% of the respondents (47.6% agreed and 28.2%
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strongly agreed) in determining the selection of onsite equipment and in relation to the sustainable buildings.
Neutral answers corresponded to 14.6%. However, 9.7% disagreed with the statement as shown in table 4.5

o  Availability of a healthy environment

The respondents rated the importance of an available healthy environment: 44.7% agreed and 31.1% strongly
agreed on that human factor as an important element in determining the selection of onsite equipment and in the
relation to the sustainable buildings; neutral answer comprised 17.5% of the individuals; and those who disagree
and strongly disagree corresponded to 4.9% and 1.9%, respectively (Table 4.5).

o Availability of operator view and comfort

Our results also revealed that the majority of respondents agreed (54.4%) or strongly agreed (17.5%) on the
importance of operator comfort (Table 4.5). Another relevant proportion of responded chose a neutral answer
(22.3%), but only a small part of them (5.8%) disagreed with the statement. For this factor, no respondent
strongly disagreed.

o  Availability of safety features

Similarly to the others social indicators, the majority of respondents agreed (51.5%) and strongly agreed
(30.1%) on the importance of available safety features in sustainable buildings. The neutral answer also
corresponded to a relevant proportion of the respondents’ opinion (13.6%). Once again a small fraction of the
respondents disagreed (4.9%) with no strong disagreement regarding the statement (Table 4.5).

o Availability of operator proficiency

According to the table 4.5, when asked about the importance of available operator proficiency the large
majority of responded agreed (52.4%) or even strongly agreed (21.4%), while other showed a neutral opinion
(21.4%). Interestingly, a small proportion (4.9%) of the respondents disagreed, thus considering the operator
proficiency less significant for the selection of onsite equipment and in the relation to the sustainable buildings.

o Auvailability of training needs for operator

Availability of training needs for the operator is a major social and human concern. Therefore, a large
proportion of our respondents agreed (47.6%) or strongly agreed (25.2%) that the selection of onsite equipment
and in the relation to the sustainable buildings should take into account the operator training needs. Neutral
answer corresponded to 17.5% of the sampled individuals. Finally, the rest of respondents disagreed (6.8%) or
strongly disagreed (2.9%) with the statement, but these individuals corresponded to no more than 9.7% of the
total interviewed sample (Table 4.5).

o Availability of relationship with dealer/ supplier

Our questionnaire also determined how important our sampled individuals consider the availability of
relationship with dealer/supplier regarding the onsite equipment and relating to the sustainable buildings. The
Table 4.5 shows that those who agreed and strongly agreed accounted, respectively, for 53.4% and 23.3% of the
total sampled population. Neutral answer composed 15.5% of the remained individuals. Once again, no more
than 7.7% of respondents disagreed (5.8%) or strongly disagreed (1.9%) the statement that availability of
relationship with dealer/supplier consists of an important selection of onsite equipment and in the relation to the
sustainable buildings.

Conclusion

Building and constructions, as well as their sustainability, constitute the major pillars of substantial growth
and development of a region. We analyzed the key issues that included (i) the generation of an on-site renewable
energy in construction, (ii) fossil-based energy consumption and building materials, (iii) building management
systems, (iv) CO2 emissions in the construction, and (v) important factors in the selection of onsite equipment
and in relation to the sustainable buildings (economic, environmental, and human factors).

The findings in chapter 4 revealed that, in the kingdom of Bahrain, most of the designs adopted in building
constructions do not use renewable energy. The use of wind energy and/or solar energy in building construction
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was weakly supported and used. Finally, we suggest the importance of integrating renewable energy in
buildings, particularly after the increases in fossil fuel prices (oil and gas).

Concerning fossil-based energy consumption & building materials, we observed a lack of consensus on this
reduction in terms of energy embodied in materials, construction process, and energy used through the lifetime
of the buildings. However, with the industry moving towards sustainability, the designers, in general, start to pay
more attention to materials used in the construction process, in order to ensure the selection of the most efficient
products.

Moreover, regarding the building management systems (BMS), the designer generally used BMS in Bahrain
mainly due to its characteristics of less complexity and user-friendly. BMS facilitates to implement a project
with the installation of solar and wind energy to power the building construction and there is enough being done
to apply a new sustainable construction industry. Finally, the sustainable factors (environment, economic and
social factors) concerns the majority of personnel involved in building constructions and their sustainability in
the Kingdom of Bahrain.

Recommendation for future

The Kingdom of Bahrain should start to promote more sustainable buildings in order to generate more clean
energy, reduce CO2 emission and onsite waste and use solar panels in the complex buildings and other buildings
to generate significant energy. In addition, they should facilitate the adoption of methods that use renewable
energy sources in buildings. Further, they should use HVAC system and natural materials to help reduce the
energy consumption for heating in the building.
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