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The construction industry is an important location to implement more environmentally
conscious practices, and "Sustainable Buildings" play a crucial role in this quest. This
industry is also an important site to execute these principles. The building industry is a
significant place, so this is necessary. Since it has not been possible to do a large
amount of research, it has not been possible to investigate the factors that inspire the
market as well as the primary obstacles that stand in the way of the trend toward
sustainable construction. The building industry in Iraq is currently in the process of
transitioning to environmentally friendly practices, despite the fact that this change is
presently underway.

In the context of this discussion, where the objective of the evaluation system is to
conduct an analysis of three distinct areas: environmental and pollution concerns,
economic factors, and social considerations, which include features such as the
accessibility and quality of the assets.

The purpose of this research is to make a contribution to the existing body of
information concerning the construction of environmentally friendly buildings in Iraq,
throughout shedding light on the evaluation tools that are utilized to evaluate these
kinds of construction, additionally, the research is being carried out with the intention
of filling a gap that has been discovered in the existing collection of research.

1. Introduction

without jeopardizing the capacity of future
generations to fulfill their own needs. The term

To examine the developing momentum of
the sustainable building sector all over the
world, comprehensive literature research had to
be carried out first. The concepts of
sustainability and green building are broken
down into their parts to get started. These parts
include an integrated design  process,
evaluation criteria, and strategies for putting
sustainable practices into action [1].

The idea of "sustainability" has been
gaining popularity ever since it was realized
that "global warming" was a big problem to
deal with. The initial definition of the word
"sustainability" was developed in 1987 by the
International Commission on Environment and
Society [2].

The term "sustainability" in this context
signifies the ability to fulfill current needs

* Corresponding author : mohanad.altuma@stu.edu.ig
https://doi.org/10.61268/e6e3b258

"triple bottom line" denotes the objective of
achieving a harmonious equilibrium between
social and economic progress, together with
environmental sustainability (Figure 1). This
goal can be summarized as "achieving a win-
win-win situation” [3]. This is the word that is
used to represent the objective of reaching this
equilibrium, and it is the word that is
employed.

Since it became apparent that "global
warming" was a significant issue, the concept
of "Sustainability” has become increasingly.
prevalent. The International Commission on
Environment and Society established the first
definition of the term "sustainability”" in 1987

[4]
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Figure 1. Sustainable Development [3]

According to this definition,
"sustainability” is meeting the needs of the
present generation without compromising the
future generation's ability to meet their own
needs. The objective of achieving a balance
between social and economic progress as well
as environmental sustainability is referred to as
the "triple bottom line" (Figure 2). This is the
word that is used to express the goal of
achieving this equilibrium [4]. The topic of
sustainable  development was  discussed
concerning the construction of environmentally
friendly buildings as part of the scope of this
thesis. The design step, the construction step,
the operational and service step, and finally, the
destruction phase are the four key stages that a
structure will go through in its lifetime.

As can be seen in Figure (2), sustainable
building entails shifting away from processes
that result in pollution and the consumption of
non-renewable resources in favor of using
resource-efficient ingredients and processes
that are advantageous to the environment and
society throughout the pre-building, building,
and post-building stages of the construction
process. This can be done to meet the
requirements of sustainable building [5].

It is recommended that the building
processes be evaluated at each of these three
stages in order to gain a more comprehensive
understanding of how the design, construction,
operation, and disposal of a facility can impact
the broader environment [6].
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Figure 2. Life-Cycle of Sustainable Buildings [5]

Every project ends up with its own one-of-
a-kind environmentally friendly solutions
because every sustainable concept is
constructed according to the specific needs of
that project, which might vary greatly in terms
of climatic conditions, geographic variables,
environmental and social requirements, and the
construction materials that are used. It is
necessary to define the integrated design
process to fulfill the description of sustainable
construction [5].

It is vital to handle each of the sustainable
construction strategies that are stated in the
table that is placed above to produce a building
that is sustainable in terms of the environment,
the economy, and society. These approaches
ought to be treated in a coordinated and unified
fashion. The Integrated Development Process
is a method that is used in the design phase to
identify and address any issues that may have a
big bearing on the project's long-term
sustainable effectiveness [7].

This method is used to identify and address
any issues that may have a substantial bearing
on the project's long-term sustainable
effectiveness. Utilizing an integrated design
approach that promotes synergy between
different fields of study and different
technologies is one way to achieve substantial
levels of building efficiency. This type of
procedure can be seen in many modern
construction practices. When coupled with a
high-efficiency building envelope, such as
stronger windows and greater insulation,
reducing the size of the building's mechanical
structure can be one approach to decrease
expenses in this area [8].
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During each stage of the design process,
mechanical engineers, construction engineers,
architects, and any other relevant professionals
should work together to generate synergies and
find additional options.

According to [7], every design decision
must be based on a careful analysis of the costs
and advantages associated with it. Integrated
design, however, is about more than just
getting everyone on the design team in the
same room at the start of a project to agree on
performance goals. It's also about creating a
common vision for the work that needs to be
done and enhancing the quality of connectivity
and data used to notify it. Integrated design is
about more than just getting everyone on the
design team in the same room at the start of a
project.

According to [9], the following are the
most significant features of the integrated
design methodology:

. Recruiting members for the design team
who are interested in taking part in an
innovative approach to the design and
implementation of buildings.

. Establishing ambitious goals for the
entire group and assessing their progress in
light of those objectives.

. Bringing the group to the point where
they have no costs.
. Include "thinking" time, such as

charrettes, research, and other comparable
activities at the beginning of the design
process.

. Make sure that there is sufficient time
for input and modifications before committing
to the ultimate design conception.

. Include everyone in the project as much
as possible.

For one to be able to comprehend the
integrated design process, it is necessary to
have previous knowledge of the traditional
design process.

According to [8], the traditional method
offers very few options for optimization, which
frequently leads to problems in the later phases
of the process. On the other hand, integrative
design provides a wide variety of options for
optimization from the very beginning of the

design process, as can be seen in Figure (3).
This can be considered an advantage of
integrative design. Certification programs or
grading tools, which are used to evaluate the
performance of the building in question and to
promote sustainable building practices and
techniques, are another essential component of
sustainable buildings. These programs and
tools are also important features of sustainable
buildings.

Figure 3. Possibilities for Design-Integrated Business-
Defined [8]

These grading systems are continuously
being enhanced with time in response to
advancements in technology, expert
knowledge, and trends in the industry. The
acronym "BREEAM," which is an abbreviation
for  "Building Research  Establishment's
Environmental Assessment Method" was first
introduced in the United Kingdom in the year
1990. Other examples of rating systems are
"LEED," which was developed in the United
States in 1998, and "CASBEE," which stands
for "Comprehensive Assessment System for
Building Environmental Efficiency”, and was
developed in Japan in 2001[9].

2. Sustainable Building at Construction
Projects

It is indisputable that the sustainable
construction  movement is  experiencing
accelerated growth worldwide. The concepts of
Sustainable Building or Sustainable Methods
have a significant historical background,
originating from a response to both
environmental conservation efforts and an
energy crisis. The physical environment of Iraq
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is currently undergoing a rapid process of
change, which can be attributed to various
factors. One notable outcome of this
transformation is the increasing interest in the
development of environmentally friendly
structures. Numerous principles associated with
the phrase sustainable building have been
previously examined and implemented in
construction  projects,  considering  the
prevailing design perspective of the present
day. The origins of these beliefs can be traced
back to a time well before the year 5000,
indicating a substantial historical precedence.
The comparative analysis of conventional and
modern houses was conducted as part of a
research study aimed at exploring strategies for
developing energy-efficient structures in a hot
and arid region of Iraq [10].

The design standards encompass several
key principles, namely the selection of site,
inter-building spacing, alignment, building
envelope, and shape. Based on the results of
the investigation, it is evident that historic
dwellings exhibit lower average temperatures
throughout the hot summer period in
comparison to modern homes [10].

2.1 Rating System of Sustainable Building

The objective of the total quality
assessment system, also known as “TQA”, is to
evaluate three distinct aspects: environmental
and energy  pollution  considerations;
investment economic reasons and equity; and
social demands, such as the accessibility and
quality of the places. The goal of the system is
to create a comprehensive framework for the
environmentally responsible construction of
buildings. In addition, the term “TQA” refers to
multi-criteria assessment systems [11].

The “Building Research Establishment
Environmental Assessment Method”
(BREEAM), which was created in the United
Kingdom, the “Leadership in Energy and
Environmental Design” (LEED), which was
created in the United States, the
“Comprehensive Assessment System for Built
Environment Efficiency” (CASBEE), which
was created in Japan, the “Sustainable Building
Tool” (SBTool), and the “Green Building
Index” (GBI), which was created in Malaysia,

Hong Kong, and other Asian countries are all
examples of multi-criterion systems [11]. The
“Building Environmental Assessment Method”
(BEAM), which was created in Hong Kong, the
“Australian Building Greenhouse Rating”
(ABGR), the “Green Home Evaluation
Manual” (GHEM) of the Chinese Three Star,
the “United States Assessment and the Rating
System” (STARS), and the “South African
Sustainable  Building  Assessment  Tool”
(SBAT) [12].

Multi-criterion frameworks are what help
to help quantify how sustainable a building is;
while frameworks help to identify sustainable
construction  requirements,  multi-criterion
frameworks are what help to help quantify how
sustainable a building is. while frameworks
help to identify sustainable construction
requirements, multi-criterion frameworks are
what help quantify how sustainable a building
is. In the evaluation, there are a total number of
points up for grabs, and each strategy is worth
a different amount of those points. When it
comes to sustainability, total quality assurance
(TQA) is the collection of findings that result
from analyzing the factors [13].

It also adds that the system's summing
process is crucial because it assigns rankings to
components that have been positively
evaluated. It is generally intelligible and may
be executed in steps for each criterion, which
enables a building to be evaluated at different
stages from design to design and over the
entirety of the construction as accurately as
possible [13].

According to [14], the three basic
categories of multi-criteria that should be
considered are metrics, assessment
frameworks, and evaluation of research
instruments. The most prevalent kind of multi-
criteria is measurement, sometimes known as
metrics. Evaluation frameworks can be thought
of as models of evaluation that are interrelated
to one another and standardized. These models
provide a set of tools that can be utilized in the
process of contrasting a variety of various
project options. These instruments can be
classified as either reduction tools or non-
reduction tools, according to [14].
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The evaluation of research tools helps
analyze and provide prospective solutions for
common challenges encountered throughout
the construction of a residential structure.
These simplistic methods involving non-
reductionist instruments involve a multi-criteria
analysis that involves partly subjective
analytical equivalents [12].

A cost-benefit analysis was used to assess
output by minimizing the challenging structure
according to fewer variables and combining its
properties. This allowed for fewer variables to
be taken into account when evaluating the
output [12].

According to [14], performance indicators
are used to determine whether or not a building
IS environmentally  sustainable.  These
indicators include the Ecological Level (such
as the Environmental Impact), the Building
Level (such as Zero Energy), and the “Building
Environmental Level”.
2.2 Designing  the  Sustainable

Assessment Tools

There are more than 600 different types of
sustainability assessment systems that can be
found all over the world; however, according to
[15], none of these types of evaluation systems
will be successful if they are used in countries
in which they were not originally designed to
function. Because of the people for whom it is
being made, each instrument has to be adapted
specifically to take into account the climate of
the area in which it will be used. When
attempting to achieve sustainability, it is
frequently necessary to provide comparisons of
actual individual projects that have been
examined by each technique. This sort of direct
evaluation of the rating categories present
inside each system is not only difficult but also
expensive to carry out.

According to [16], the frameworks of
sustainability evaluations can range anywhere
from an overall energy efficiency assessment to
a performance evaluation that considers
multiple dimensions. Therefore, the viability of
the building ought to be reviewed for every
sub-element, including the services, the system
structure, and the construction as a whole;
consequently, the requirement for various

Building

evaluation and ranking tools has to be
evaluated.

These differences between systems have, as
a result of the implementation of the
Sustainable Building Alliance, led to the
formation of common assessment categories
and an improvement in the systems' ability to
be compared to one another [16].

In light of the life cycle assessment (LCA),
the United States National Institute of
Standards and Technology (NIST) analyzed the
LEED system. As a result of their findings, the
LEED system's constrained scientific marker
system, which is not a legitimate sustainability
evaluation regulation, was discontinued [17].

LEED is constantly being improved to
further expand the building's capacity for
reducing its impact on the environment. The
LEED-NC rating system is currently in use for
the design of homes as well as the construction
of new structures such as schools, dwellings,
hospitals, data centers, and warehouses, among
other types of facilities. Additionally, there are
LEEDs available for external plans, LEEDs
that may be applied to existing structures, and
LEEDs that can be applied to new property
improvement projects [18].

BREEAM has developed over the years,
where the (BREEAM-NC), a guide with more
than 400 pages that may be used for urban,
private, residential, and industrial structures,
including construction maodifications, was
initially published on a BREEAM 20 pages
long and deals with a variety of issues [18].

This guide may be utilized for urban,
private, residential, and industrial structures,
including construction modifications. The
BREEAM is suitable for use in existing non-
residential facilities, as well as in BREEAM
communities designed for the sustainable
design of new communities' master plans or
redevelopment projects; the certification can
also be used for the refurbishment of already-
existing buildings as long as they meet the
international renovation and fit-out technical
requirements [19].

Nonetheless, it encourages the adaptation
of these instruments in nations that have not yet
built their resources, with a particular focus on
environmentally responsible building practices.
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3. Advancement of Criteria for Rating
Sustainable Buildings

The past progression of sustainable
building evaluation approaches around the
world is depicted in Figure (4) below. Initially,
such categorization was released in the year
1990 in the United Kingdom with the term
BREEAM.

An increasing number of categorizations
has started expanding in many nations with a
range of techniques for rating sustainable
buildings in line with the environment,
economic capacity, and social capacity of the
country in question [21].

BREEAM NOR
(Norway)

ARZ
(Lecancn) |

nnnnn Jobes stralia ikl Brazll (Phiiaines) |0
cregnn 1S

(Abu Dhabi) [ (5 Lanks)
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tnam)
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(Netharland) | poe e At ES
(Spain)
GraanShip
{indonesia)
DGNB
Intamational

Figure 4. Advancement of Criteria for Rating
Sustainable Buildings [21]

3.1 BREEAM

The Building Research Establishment
Environmental Assessment Method, also
known as “BREEAM”, was developed by the
“BRE” and served as a template for the design
of sustainability evaluation instruments all over
the world, like as the “Green Star” at Australia
and the “HK-BEAM” at Hong Kong [22].

“BREEAM” is the largest environment in
the globe evaluation and inspection framework
for structures. Since 1990, it has been used in
more than (425,000) facilities with BREEAM
evaluation tools accredited, and about two
million have been allowed for review. This
framework is used in more than fifty nations
[23].

“BREEAM?” is an extensive system for the
measurement and definition of buildings.
Within this system, which is used to provide
recommendations for the best practices in the
construction sector, “BREEAM” has a broad

framework, as shown in Figure (5)
“BREEAM?” evaluates the energy performance
of buildings in the following locations [24]:

. Management: The regulation of general
management, the oversight of site management,
and matters of procedure.

. Energy: concerns over the environment
and the cost of running energy.

. Pollution: taking into account both air
and water contamination.

. Health and wellbeing: factors to
consider for both indoor and outdoor health and
wellbeing.

. Transport: carbon owing to
transportation.

. Land use, as indicated by the green and

brown areas of the region.

. Ecology: the preservation of the
ecological advantage and the enhancement of
the place.

. Materials:  environmental  impacts
associated with the use of various construction
materials.

. Water: the quantity and quality of water
that is consumed.
. Innovation.

Management

Health and Comfort

Energy

Transport

Water

Materials

BREEAM Rating

Waste

Issue Category Score
N A A
Total Weighted Score
!

Land Use and Ecology

Environmental Weightings
b ddl bbddd

Polution

Innovation

Figure 5. BREEAM Scoring Estimate of UK [24]

The “BREEAM” application requires an
examination of the above categories in terms of
practice and results, which allows for the award
of credits in the 10 grades [24], a method to
measure the “BREEAM” values of Great
Britain.

Each category has its own unique set of
prerequisites, which are outlined in Table (1),
and the contributions can either be qualities or
products derived from the aforementioned
parameters. During the national advisory

173



Mohanad Altuma, Hanadi Abdulridha Lateef, Ayad Al-Yousuf /Al-Rafidain Journal of Engineering Sciences Vol. 2, Issue 2, 2024: 168-184

process that was carried out in the UK [25], the
weightings were developed. These
characteristics are added up to produce a
cumulative ranking that can be strong, very
strong, or exceptional. The level of this ranking

is determined by the cumulative total.
Table 1: Credits Weighting of BREEAM [25]

Criteria Weightings %
Management 12
Health and Comfort 15
Energy 19
Transport 8
Water 6
Materials 125
Waste 7.5
Land Use and Ecology 10
Pollution 10
Innovation 10
3.2 DGNB

Means "German Sustainable Building
Council" in its native language. The “DGNB”
is a non-profit organization in Stuttgart which
have been working to promote livable cities
and structures since its inception in 2007. To
put it simply, this means constructing our
surroundings with forethought. To foster an
appropriate awareness of quality as a basis for
accountable and sustainable engagement in the
building and estate industry is central to our
mission [26].

In addition to its efforts in Germany, but
also throughout the rest of worldwide, the
“DGNB” works to advance environmentally
responsible construction practices through

several different means, including the
following [26]:
. The “DGNB” has grown to become

Europe's largest organization for sustainable
construction thanks to the dedication and
support of its about 2,000 participants.

. The different elements that define
sustainable consideration, construction, and
building management can be translated into
practical implementation through qualifications
of sustainable constructions, building the
inside, and areas.

. Facilitating comprehension of the
prerequisites for green construction by
providing access to the “DGNB” Academy's
offerings.

. By use of the “DGNB” Navigator, a
web-based resource that provides details on a
wide range of eco-friendly building materials.

. By engaging in R&D efforts, as well as
encouraging a continuous awareness of the
concerns concerning sustainability in the
building industry, we may make strides
forward in this area.

The DGNB's guiding principles are based
on an all-encompassing view of sustainability
that takes into account ecological, financial,
and social considerations. Our end goal takes
into account both the environment and the
economy. Therefore, the DGNB views
sustainability as being associated with high
quality and long-term success [27].

By creating a system of accreditation that
can be used as a planning and optimization tool
to assist all parties engaged in the construction
process in  adopting  holistic  green
effectiveness, the DGNB has made green
construction more feasible, measurable, and
equitable. Sustainable projects are assessed by
using a battery of certification standards that
are tailored to specific types of construction
and design strategies, as shown in Figure (6).

End of life Planing
DGNB certificate DGNB pre-certificate

for dismantling —, L/ fornew constructions
\

Operation f
DGNB certificate for buildings —e
in use [Recertification) \

Construction
o— DGNB certificate
/ for new constructions

Inventery | Conversion | Renovation s Operation
DGNB certificate for existing DGNB certificate
and renovated buildings for buildings in use

Figure 6. Process of DGNB [27]

3.3 LEED

According to [28], this was initiated in the
year 1998 by the United States Green Building
Council (USGBC), along with various other
parties involved. Their goal was to stimulate
demand for  environmentally  friendly
structures. In terms of the US Green Building
Council (USGBC), the Leadership in Energy
and Environmental Design (LEED) rating
system is the second most popularly utilized
sustainability evaluation tool in the entire
world.
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There is a grand total of twenty thousand
projects that have received certification. and
registered under the “LEED” rating system.
During the actual construction of the building,
the members of the design team will be the
ones in charge of determining how far along
the “LEED” certification path their project has
progressed without the assistance of specialized
consultants. It has a strong basis in scientific
research, and its use can be directly related to
its demand [29].

The LEED evaluation consists of three
stages, which are as follows:

. Pre-requirements: the criteria that need
to be met before the proposal can be reviewed.
. Core qualities refer to the specific

attributes for which recognition is given when
the standards of the initial five criteria are met
or surpassed.
. Innovation credits: performance credits
that are now being provided; significant credits
that have been distributed in the past.
According to [30] to offer a methodical and
uncomplicated structure for assessing the
overall performance of a construction and to
achieve sustainable development goals, the
“LEED” evaluation was created through a
consistency process involving a key actor. The
various sustainability classes are evenly
weighted, different points are taken into
account, and the credits allocated to each form
are joined together. The construction sector
was able to increase its abilities and
understanding of SD with the use of these

evaluation methodologies [31].

However, [32] suggest that the “BREEAM”
evaluation range is greater and that its standards are
harder to comply with the “LEED” criteria. This means
that the “BREEAM” technique, in comparison to
“LEED?”, is a lot more thorough method. The evaluation
criteria are outlined in Table (2), which may be found
here.

Table 2: Division of LEED Points [32]

Criteria Attributes
Sustainable Location 26
Quality of Water 10
Environmental and Energy 35
Products and Materials 14
Interior Quality of Climate 15

Innovation
Regional Priority

3.4 GREEN STAR

Green Star is an assessment system that
was first introduced in 2003 by the Sustainable
Building Council of Australia. It has achieved
global renown and is responsible for setting the
standard  for healthy, adaptable, and
advantageous buildings and environments. The
Green Star certification program has been
tailored to suit the unique climate conditions of
Australia. As a result, it has successfully
granted certification to several environmentally
conscious fit-outs, buildings, households, and
communities across the country [33].

. Decreasing the negative effects of
greenhouse gases.
. Improving both our health and the

general standard of our lives.

. Rebuilding and  conserving  the
ecosystems and uniqueness of our planet is a
priority.

. Increasing the level of resilience in
communities, constructions, and fitting.
. Creating a more sustainable industry

and transforming the marketplace.

Additionally, there are four different Green
Star assessment tools, and together they offer a
way of certification for the planning and
building of buildings, as well as for their
operations,  fitting, and societies. The
“Sustainable Building Council of Australia
(GBCA)” is responsible for the development of
these tools, which are still undergoing further
development despite having been created with
extensive input from both the construction
sector and government agencies as shown in
Figure (7).

9 00 6

Green Star - Communities Green Star Buildings and Green Star - Interiors ~ Green Star - Performance

Grgen Star-Design & As Certfy the new inferir fitoutn a Certifythe operational

Cerify aplan and delivery fora
precinct scale development. buiding. performance of an existing
Certify the design and buiding.

consruction of a builing

Figure 7. Performance of GREEN STAR [33]
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3.5 SBTooL

The third party utilizes the framework
for building efficiency assessment that is
provided by the “SBTooL” concept. This
allows the third party to develop evaluation
systems for a variety of distinct geographical
criteria and facility kinds. Additionally, the
rating system toolbox may be something that is
taken into consideration [34].

Before the results of the SBTool can be
interpreted in any meaningful way, the primary
focus of the tool is on the idea of tailoring a
grading system to specific regional needs.

According to [35], the system has a
typical structure that identifies local context
conditions and establishes great weights and
benchmarks in  local  non-commercial
organizations.

The “SBTool” sustainable building
approach was established as part of an
international initiative to create a more
environmentally friendly construction
environment. This initiative involved the
involvement of over 20 different governments.

[35], the tool has been designed so that
countries can construct their local rating
systems to correct local climate circumstances
and languages. This has been made possible by
the development of the technology. It is
beneficial to users in a variety of areas and
nations who are taking part in this evaluation
process since it assists them in representing
diverse goals, technologies, and cultural
traditions and values[36].

Because of this, national groups can
improve their standards and weightings by
employing a variety of methodologies, such as
the analytical hierarchy system, which is
illustrated in Table (3) [37].

Table 3: SBTooL Environmental Credits [38]

Criteria Weightings (%)
Location Choosing, and Project Managing 7.6
Energy and Products Utilization 21
Environmental Factors 25.2
Interior Quality of Climate 21
Quality of Services 15.1
Elements of Socioeconomic 5
Elements of cultural and behavioral 5

3.6 HQE

It is a benchmark for green construction
everywhere; it also takes into account local
considerations that may vary from nation to
nation or even municipality to municipality.
The worldwide building  environmental
evaluation methodology incorporates both
universally applicable standards and a degree
of flexibility to accommodate locally-specific
certification norms.

Non-residential constructions
(warehouses, stores, hotels, etc.), multi-family
and single-family dwellings, and entire
communities can all get “HQE” authorization,
as can urban development and design. Focusing
on health, relaxation, and the quality of the
interior environment, it strives to achieve
ecologically friendly goals [38].

It 1s possible to obtain “HQE”
authorization for a variety of building types,
including  residential, financial  reasons,
managerial, or service facilities that are now
being constructed, as well as buildings that are
already in production and urban design and
development initiatives. On the foundation of
performance measurements, it encompasses the
entirety of a building's lifecycle, beginning
with the design process and continuing until its
completion.

At each of the project's main phases,
impartial third-party Inspectors will evaluate
whether or not the project's objectives have
been met [38]. The energy, environment,
wellness, and comfort are the four pillars upon
which the certification is built as shown in
Figure (8).

On a scale ranging from 0 to 4 stars, an
evaluation is performed for each topic. The
total number of stars collected across all four
categories contributes to the final score for the
project.

2 (257 50 LU s2e Components Workule Woter. Waste MOntenonce

3 HEALTH $paces quolly. Al qually. Water qualy

Hygrothermal combort. Acowsic comfort. Visuol comfort
Offactory combort

Figure 8. Rating of HQE [38]
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3.7 CASBEE

The  "Comprehensive  Assessment
System for Built Environment Efficiency” is a
sustainable construction management approach
implemented in Japan. Its rating instrument
employs a weighting system that enables the
positioning of environmental concerns in the
context of a conditional environment. The
“CASBEE” was developed in Japan.

“CASBEE” is an evaluation instrument
that was developed by the government of Japan
and is administered by the Ministry of
Building, Infrastructure, and Transportation. Its
purpose is to evaluate the total environmental
performance of a building [39]. The 80
different “CASBEE” sub-criteria are broken
down into four categories: energy conservation,
resource efficiency, the local environment, and
the indoor environment. These four categories
make up the four primary components of
“CASBEE”.

In addition to this, these groupings have
been reorganized into two primary groups
known as Q (quality) and L (loading) [40].
Instead of merely applying qualities points
combined, the “CASBEE” encompasses the
notion of constructing ecological effectiveness;
the execution of its particular plan to achieve
the final results is differentiated from the other
evaluations by excluding the weighting factors
that are used for the classification of the
various types of buildings [41].

The aforementioned evaluations
typically center around the outcomes of a
survey conducted among key stakeholders,
including designers, building residents, and
customers. The execution of its particular plan
to achieve the final results is differentiated
from these other evaluations. Following that,
an analytical hierarchy evaluation is performed
on the responses [42].

4. Concepts of Sustainable Buildings

A concept structure, as described by
[43], is a structured representation, either visual
or textual, that elucidates the key elements or
fundamental concepts to be investigated in a
research project, either by graphical means or
in the form of a story. Similarly, the primary

focus of this research is to examine the roles
and responsibilities of facilities executives in
regard to the various ingredients of sustainable
buildings. The project manager has never
wavered in their dedication to the
administration of the buildings and the services
that are associated with them. Even at this late
date, he continues to concentrate on the
environmental problems posed by buildings
[43].

However, it is crucial to determine the
specific activities required to guarantee the
construction ~ of  environmentally-friendly
structures, improve the health and well-being
of those who use the building, and give
economic gain over the structure's life cycle are
not yet known.

A conceptual framework offers a
concise and precise elucidation of the steps
necessary in accomplishing the goal of a study.
The framework should incorporate noteworthy
breakthroughs that are pertinent to the study
and illustrate how these discoveries tackle each
area of the research in a comparable fashion.

To build the conceptual framework of
this study, research requirements were defined,
a comprehensive review of the pertinent
research was carried out, and a content
assessment of three documents ("BREEAM-
NC", "LEED-NC", and "ISO 15392") was
carried out.

This study aimed to determine the
fundamental components necessary for a
building project to be classified as ecologically
sustainable. In addition, a content analysis was
conducted to determine the precise roles
carried out by the facilities manager in different
parts of sustainable buildings.

The emphasized components served as
the basis for defining the role of the project
management in sustainable building. Study is
supported and directed by a theoretical
framework that sets out the definitions of ideas,
hypotheses, norms, attitudes, and theories. The
aforementioned texts are commonly regarded
as providing the standards for environmentally
friendly constructions and provide assistance
for this study.

The theoretical framework establishes
the foundation for providing a specific research
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problem that directs the research study being
undertaken in alignment with the research
issue, this input has enhanced the
comprehension of the research subject [42].

The framework is the initial stage in
determining the definition of a sustainable
building and the involvement of the facilities
manager in acquiring sustainable buildings in
the context of Iraq [43].

One of the major obstacles now faced
by the built environment in Iraq is the presence
of inadequate design, insufficient construction
specifications, the utilization of potentially
dangerous building materials, and inadequate
building servicing and management. The
framework offers a comprehension of the
approach that will be used to resolve this issue
[44].

5. Project Management’s Contribution to
Sustainable Construction

Project management is a method that
facilitates  sustainable  organization by
managing workplaces over their whole
lifespan. Its purpose is to enhance productivity
and efficiently support company operations
[45].

Facilities management, as defined by
the "Facilities Management Association of
Australia (FMAA)," refers to the efficient
administration of building operations in both
public and commercial enterprises. It includes a
broad spectrum of tasks, such as strategic and
operational planning, regular physical upkeep,
tidying, and overseeing environmental
sustainability matters [45].

The "European Facilities Management
Network", or "EuroFM", describes facility
management as the amalgamation of many
processes inside an organization to uphold and
advance services that bolster and augment the
efficiency of the organization's primary
activities. This word was coined and adopted
by European professionals in the FM sector
[45].

Furthermore, the "International Facility
Management Association (IFMA)" and the
British Institute of Facilities Management
(BIFM) include the integration of individuals
into the workplace, along with other

procedures, in their definition of FM. This is
exemplified in the Facility Management (FM)
model developed by the International Facility
Management Association (IFMA) and can be
seen in Figure (9).

As stated by reference [45], the term
refers to the amalgamation of various
disciplines to enhance the efficiency of the
built environment by integrating people,
location, process, and technology. Furthermore,
it is defined as "the incorporation of procedures
within a company in the constructed
environment to uphold and enhance the agreed-
upon facilities that bolster and enhance the
efficiency of the company's main operations,
while managing the effects that these
procedures have on individuals and the
workplace" [47].

People Process Technology

Figure 9. People Process Technology [47]

Project management can be thought of
as a profession because its primary focus is on
assisting clients in accomplishing their
objectives. Moreover, the business and
profession place a strong emphasis on the need
to maintain positive relationships with clients.

6. Planned Future of Sustainable

Construction in Iraq

The term "sustainable development”
refers to an ongoing movement to lessen the
negative effects of human activity on the
environment as a whole. Sustainable
development relies heavily on green buildings
being one of its primary techniques. The
building industry in Iraqi cities is plagued by
the inadequacy of building practices and its
reliance on traditional approaches, all of which
contribute to adverse effects on the
environment, increased consumption  of
electricity and natural materials, and a
generally poor human quality of life [48].
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The process of transforming towards
the implementation of green construction in
Iragi settlements is essential, but it is hindered
by a lack of understanding of the most
significant issues that stand in the way of this
transformation and acceptance. This has
prompted research into the most significant
issues, to develop a vision and
recommendations for overcoming these
challenges [49].

7. Sustainable Buildings and Challenges of
Implementation

Green construction is a worldwide
response to the emerging understanding that
humans play a crucial role in accelerating
global warming. Over forty percent of all
carbon dioxide pollution worldwide might
come from buildings; this gas is one of the key
suspects in the occurrence of global warming.
The United States, Canada, Western Europe,
and Japan accounted for over 80% of global
greenhouse gas pollution in 2017. In the not-
too-distant future, this situation will have
shifted significantly [50].

Taking into account the norms of the
surrounding belonging, green buildings work
for environmental harmony, efficiency in the
use of resources, and the satisfaction of the
building's occupants. All parties involved in the
unified development approach are considered
in green structure design. This includes the
building shareholders, designers, engineers,
specialists, construction organizations, material
producers, contractors, service technicians, and
inhabitants [51].

The key to a successful green building
project is using high-quality materials that will
boost the owner's return on investment [52].
During the last twenty years, there has been a
dramatic shift in public opinion towards
environmentally friendly structures.

By providing thought leadership and
transforming the market, the World Green
Building Council (World GBC) helps to create
green buildings and sustainable communities
around the world [53].

The goal of the World GBC is to ensure
that all buildings and communities are eco-
friendly so that people everywhere can live

well now and in future generations. The four

fundamental ~ concepts of  eco-friendly
construction are as follows [54]:

. Efforts to lessen energy consumption.

. Reducing the severity of emissions and
environmental degradation.

. Lessening the waste of energy and the
consumption of scarce materials.

. Reducing the risk of internal

environmental and health problems.

8. Sustainable Buildings Practices in
Developing Countries Challenges

The building sector has been an
essential factor in the growth and development
of every nation. There is abundant evidence
that the industry plays a significant role in
fostering economic expansion in each and
every nation it operates in [55].

It is considered that the building
business in both developed and developing
countries throughout the world is having a
negative effect on the environment. This is the
case despite the fact that the construction sector
has made a significant contribution to the
growth of each nation [56].

The degradation of land, the extensive
use of energy, and the pollution that have been
prevalent in recent years are all indications of
this phenomenon [57]. The construction sector
Is essential to the social and economic
development of any nation, but the activities
that it engages in are a significant contributor
to development that is not sustainable, and the
influence that it has on the environment is
unsettling, as stated by [58].

According to [59], there has been a
growing consensus among scientists and
academics that the rate at which the earth's
resources are being utilized is causing the
earth's ecosystem of support to deteriorate.

The concept of sustainable building was
presented as a means of making the processes,
operations and practices of the building sector
more profitable, socially, and environmentally
friendly [60].

This was done with the intention of
reducing the negative impact that the activities
of the building industry have on the
environment. Due to the necessity of ensuring

179



Mohanad Altuma, Hanadi Abdulridha Lateef, Ayad Al-Yousuf /Al-Rafidain Journal of Engineering Sciences Vol. 2, Issue 2, 2024: 168-184

that future generations will be able to satisfy
their requirements by incorporating concepts of
sustainability into the process of meeting
present demands, the introduction of
sustainable buildings became required [61].

Utilizing sustainable building materials
in the delivery of building assignments has
become an absolute necessity in order to
accomplish this remarkable feat [62].

[63] proposed that in order to realize a
sustainable built environment, the building
industry ought to transform the construction
procedure from linear to cyclic, wherein the
assumption of a life-to-life process be made.
Given the three aspects of sustainability—
social, environmental, and economic—it has
been determined that the majority of
developing countries' construction practices are
not sustainable [64].

The perception, awareness, and
methods of developing sustainable buildings,
alternative energy, resource efficiency, and
environmentally friendly structures have all
been the subject of much research [65].

9. Conclusion

The objective of this research is to
provide clarification in the expansive field of
building ecosystem evaluation tools by doing
an analysis and categorization of the current
tools. Comparing the tools and outcomes is
challenging, if not unattainable.

For instance, the tools are specifically
developed to evaluate various categories of
structures, with each tool focusing on different
stages of the lifespan of a building.
Additionally, these systems rely on distinct
databases, criteria, and questionnaires.

An individual survey is clearly
necessary, the determinants impacting the
selection of the instrument must be disclosed.
The primary inquiries revolve around
optimizing the utilization of the tools' outcomes
and evaluating the impact of the tools and their
findings on decision-making processes. In
order to conduct a thorough analysis of the
advantages of the tools, it is necessary to
clarify these topics. The advancement of the

tools would bring in additional advantages
from it.

In addition, environmental assessment
systems commonly incorporate the projected
lifespan of a facility while conducting
assessments. Nevertheless, it is accepted
without any more examination. An in-depth
analysis should be conducted to examine how
the operational lifecycles of products and
buildings impact the outcomes of the
environmental evaluation.

References

[1] Al-Emran, Mostafa, and Charla Griffy-Brown.
"The role of technology adoption in sustainable
development: Overview, opportunities, challenges,
and future research agendas.” Technology in
Society 73 (2023): 102240.

[2] Gonzalez-Pizarro, Patricio, Luca Brazzi, Susanne
Koch, Alexandra Trinks, Jane Muret, Niek Sperna
Weiland, Gordana Jovanovic et al. "European
Society of Anaesthesiology and Intensive Care
consensus document on sustainability: 4 scopes to
achieve a more sustainable practice." European
Journal of Anaesthesiology| EJA 41, no. 4 (2024):
260-277.

[3] Rahman, Haseeb Ur, Muhammad Zahid, and Musa
Khan. "Corporate sustainability practices: a new
perspective of linking board with firm
performance.” Total Quality Management &
Business Excellence 33, no. 7-8 (2022): 929-946.

[4] Gonzalez-Pizarro, Patricio, Luca Brazzi, Susanne
Koch, Alexandra Trinks, Jane Muret, Niek Sperna
Weiland, Gordana Jovanovic et al. "European
Society of Anaesthesiology and Intensive Care
consensus document on sustainability: 4 scopes to
achieve a more sustainable practice." European
Journal of Anaesthesiology| EJA 41, no. 4 (2024):
260-277.

[5] Assoratgoon, Waewkanee, and Sooksan
Kantabutra. "Toward a sustainability organizational
culture model.” Journal of Cleaner Production 400
(2023): 136666.

[6] Marzouk, Mohamed, Shimaa Azab, and Mahmoud
Metawie. "BIM-based approach for optimizing life
cycle costs of sustainable buildings." Journal of
cleaner production 188 (2018): 217-226.

[7] Luo, Wenkai, Malindu Sandanayake, Lei Hou,
Yongtao Tan, and Guomin Zhang. "A systematic
review of green construction research using
scientometrics methods."” Journal of Cleaner
Production (2022): 132710.

[8] Renauer, Rosanne. A Vocational Community
Rehabilitation Program Case Study: Identification
of Effective Organizational and Service Delivery
Practices for Workers with Disabilities. Michigan
State University, 2021.

180



Mohanad Altuma, Hanadi Abdulridha Lateef, Ayad Al-Yousuf /Al-Rafidain Journal of Engineering Sciences Vol. 2, Issue 2, 2024: 168-184

[9] Othman, Ayman Ahmed Ezzat, and Elsaay Heba.
"Adaptive reuse: an innovative approach for
generating sustainable values for historic buildings
in developing countries." Organization, technology
& management in construction: an international
journal 10, no. 1 (2018): 1704-1718.

[10] Alfaiz, Sundus Khaleel, Saipol Bari Abd Karim,
and Ali Mohamed Alashwal. "Critical success
factors of green building retrofitting ventures in
Iraq.” International Journal of Sustainable
Construction Engineering and Technology 12, no. 1
(2021): 12-17.

[11]Chandratilake, S. R., and W. P. S. Dias. "Ratio
based indicators and continuous score functions for
better assessment of building sustainability."
Energy 83 (2015): 137-143.

[12] Maling, George, Adnan Akay, and Eric W. Wood.
"Progress on consumer and industrial product noise
control and technology transfer: summaries of the
2015 and 2016 TQA workshops." In INTER-
NOISE and NOISE-CON Congress and Conference
Proceedings, vol. 263, no. 3, pp. 3871-3875.
Institute of Noise Control Engineering, 2021.

[13]Kamino, G., S. Gomes, and L. Braganca.
"Improving the sustainability assessment method
SBTool Urban-A critical review of construction
and demolition waste (CDW) indicator." In I10OP
Conference Series: Earth and Environmental
Science, vol. 225, no. 1, p. 012004. 10P Publishing,
2019.

[14] Awadh, Omair. "Estidama Pearl Building Rating
System of Abu Dhabi and Al Sa’fat of Dubai:
Comparison and Analysis." In Proceedings of 3rd
International Sustainable Buildings Symposium
(ISBS 2017) Volume 2 3, pp. 328-337. Springer
International Publishing, 2018.

[15] llhan, Bahriye, and Hakan Yaman. "Green
building assessment tool (GBAT) for integrated
BIM-based design decisions.” Automation in
Construction 70 (2016): 26-37.

[16] Ding, Grace KC. "Sustainable construction—The
role of environmental assessment tools." Journal of
environmental management 86, no. 3 (2008): 451-
464.

[17] Suzer, Ozge. "Analyzing the compliance and
correlation of LEED and BREEAM by conducting
a criteria-based comparative analysis and
evaluating dual-certified projects.” Building and
Environment 147 (2019): 158-170.

[18] Wijesooriya, Niranjika, Arianna Brambilla, and
Lina Markauskaite. "Biophilic design frameworks:
A review of structure, development techniques and
their compatibility with LEED sustainable design
criteria." Cleaner Production Letters 4 (2023):
100033.

[19] Alves Tendrio de Morais, Gabriela, Claudia RS de
MS Nascimento, Eduardo B. dos Santos, Kleyton
MN de Souza, Bruna S. Fernandes, and Rachel
Perez Palha. "Integration potential between REVIT

and LEED: a review." Architectural Engineering
and Design Management 20, no. 3 (2024): 510-525.

[20] Wijesooriya, Niranjika, Arianna Brambilla, and
Lina Markauskaite. "Biophilic design frameworks:
A review of structure, development techniques and
their compatibility with LEED sustainable design
criteria.” Cleaner Production Letters 4 (2023):
100033.

[21] Karmany, HebaAlla Mostafa. "Evaluation of green
building rating systems for Egypt.” (2015).

[22] Khoshnava, Seyed Meysam, Raheleh Rostami,
Rosli Mohamad Zin, Dalia Streimikiené, Abbas
Mardani, and Mohammad Ismail. "The role of
green building materials in reducing environmental
and human health impacts.” International journal of
environmental research and public health 17, no. 7
(2020): 2589.

[23] Venou, Athina. "Investigation of the “BREEAM
Communities” tool with respect to urban design."
(2014).

[24] Ferreira, Ana, Manuel Duarte Pinheiro, Jorge de
Brito, and Ricardo Mateus. "A critical analysis of
LEED, BREEAM and DGNB as sustainability
assessment methods for retail buildings." Journal of
Building Engineering 66 (2023): 105825.

[25] Umdu, Duygu Cinar, Ebru Alakavuk, and Aleyna
Koyuncu. "BREEAM Communities: Criteria Aim,
Status, Strengths and Weaknesses." In 2021
International Conference on Digital Age &
Technological Advances  for  Sustainable
Development (ICDATA), pp. 208-215. IEEE, 2021.

[26] Schwartz, Yair, and Rokia Raslan. "Variations in
results of building energy simulation tools, and
their impact on BREEAM and LEED ratings: A
case study." Energy and Buildings 62 (2013): 350-
359.

[27] Hamedani, A. Zeinal, and Felix Huber. "A
comparative study of DGNB, LEED and BREEAM
certificate systems in urban sustainability." The
sustainable city VII: Urban regeneration and
sustainability 1121 (2012): 121-132.

[28] Del Rosario, Pamela, Elisabetta Palumbo, and
Marzia  Traverso.  "Environmental  product
declarations as data source for the environmental
assessment of buildings in the context of level (s)
and DGNB: how feasible is their adoption?"
Sustainability 13, no. 11 (2021): 6143.

[29] Wu, Qi, Sen Qian, Lishuang Ma, Jingkai Xia,
Bayarto K. Lubsandorzhiev, Zhigang Wang, Yao
Zhu et al. "Study of after-pulses in the 20-inch
HQE-MCP-PMT for the JUNO experiment."
Nuclear Instruments and Methods in Physics
Research Section A: Accelerators, Spectrometers,
Detectors and Associated Equipment 1003 (2021):
165351.

[30] Ferreira, Ana, Manuel Duarte Pinheiro, Jorge de
Brito, and Ricardo Mateus. "A critical analysis of
LEED, BREEAM and DGNB as sustainability
assessment methods for retail buildings." Journal of
Building Engineering 66 (2023): 105825.

181



Mohanad Altuma, Hanadi Abdulridha Lateef, Ayad Al-Yousuf /Al-Rafidain Journal of Engineering Sciences Vol. 2, Issue 2, 2024: 168-184

[31] Guo, Zerui, Hua Zhang, Chenxingyu Zhao, Yuebin
Bai, Michael Swift, and Ming Liu. "LEED: A Low-
Power, Fast Persistent Key-Value Store on
SmartNIC JBOFs." In Proceedings of the ACM
SIGCOMM 2023 Conference, pp. 1012-1027.
2023.

[32] He, Yueer, Thomas Kvan, Meng Liu, and Baizhan
Li. "How green building rating systems affect
designing green." Building and Environment 133
(2018): 19-31.

[33] Murtagh, Niamh, Aeli Roberts, and Richard Hind.
"The relationship between motivations of
architectural ~ designers and environmentally
sustainable construction design." Construction
management and economics 34, no. 1 (2016): 61-
75.

[34] Roderick, Ya, David McEwan, Craig Wheatley,
and Carlos Alonso. "Comparison of energy
performance assessment between LEED, BREEAM
and Green Star." (2009).

[35] Kouka, Dorra, Mariateresa Russo, and Francesco
Barreca. "Building sustainability assessment: A
comparison between ITACA, DGNB, HQE and
SBTool alignment with the European Green Deal."
Heliyon 10, no. 14 (2024).

[36] Gongalves, Djanny Klismara de Oliveira, Erico
Masiero, Luis Braganca, and Francis Massashi
Kakuda. "Qualitative and quantitative assessment
of urban sustainability in Social Housing Using the
Casa Azul Label and SBTool Urban in Brazil."
Applied Sciences 10, no. 18 (2020): 6246.

[37] Saraiva, Tatiana Santos, Manuela de Almeida, and
Luis Braganca. "Adaptation of the SBTool for
sustainability assessment of high school buildings
in Portugal—SAHSBPT." Applied Sciences 9, no.
13 (2019): 2664.

[38] Cauchard, Lionel. "L’organisation de I’expertise
dans les espaces de normalisation technique. Le cas
de la haute qualité environnementale (HQE) des
batiments en France." Revue d’anthropologie des
connaissances 7, no. 7-1 (2013).

[39] Sharifi, Ayyoob, and Akito Murayama. "The
potential of* CASBEE for urban development™ for
delivering sustainable communities: A case study
from the" Koshigaya Lake Town™ planning
experience." In International symposium on urban
planning, pp. 703-13. 2012.

[40] Sasatani, Daisuke, Tait Bowers, Indroneil Ganguly,
and lvan L. Eastin. "Adoption of CASBEE by
Japanese house builders." Journal of Green
Building 10, no. 1 (2015): 186-201.

[41] Takahashi, Toru, Hom B. Rijal, and Kazuaki
Bogaki. "Study on insulation retrofitting based on
thermal environment and the CASBEE health
checklist evaluation." In E3S Web of Conferences,
vol. 396, p. 01057. EDP Sciences, 2023.

[42] Al-Chalabi, Fadhaa M., and Huda A. Al-Duijaili.
"Creating sustainable communities: Analysis of
new urban communities in Irag according to LEED
rating system and the UN sustainable development

goals (SDGs)." In AIP Conference Proceedings,
vol. 2793, no. 1. AIP Publishing, 2023.

[43] Abdelfattah, A. F. "Sustainable development
practices and its effect on green buildings.” In 10OP
conference series: earth and environmental science,
vol. 410, no. 1, p. 012065. IOP Publishing, 2020.

[44] Diaz-Lopez, Carmen, Manuel Carpio, Maria
Martin-Morales, and Montserrat Zamorano.
"Analysis of the scientific evolution of sustainable
building assessment methods.” Sustainable Cities
and Society 49 (2019): 101610.

[45] Talib, Yuhainis, Rebecca Jing Yang, and
Priyadarsini Rajagopalan. "Evaluation of building
performance for strategic facilities management in
healthcare: A case study of a public hospital in
Australia." Facilities 31, no. 13/14 (2013): 681-701.

[46] Altuma, Mohanad 1., and Redvan Ghasemlounia.
"Effects of construction materials to achieve
sustainable buildings." Available at SSRN 3781422
(2021).

[47] Kibert, Charles J. Sustainable construction: green
building design and delivery. John Wiley & Sons,
2016.

[48] Mansor, M. A., A. A. Mansor, and A. S.
Mohammed. "Investigating and evaluating the
application of green building principles in the Iraqi
construction legislation." In AIP Conference
Proceedings, vol. 2591, no. 1. AIP Publishing,
2023.

[49] Khoshbakht, M., Gou, Z., Lu, Y., Xie, X, &
Zhang, J. (2018). Are green buildings more
satisfactory? A review of global evidence. Habitat
International, 74, 57-65.

[50] Munaro, Mayara Regina, Sérgio Fernando Tavares,
and Luis Braganga. "Towards circular and more
sustainable buildings: A systematic literature
review on the circular economy in the built
environment.” Journal of cleaner production 260
(2020): 121134,

[51] Hafez, Fatma S., Bahaaeddin Sa'di, M. Safa-Gamal,
Y. H. Taufig-Yap, Moath Alrifaey, Mehdi
Seyedmahmoudian, Alex Stojcevski, Ben Horan,
and Saad Mekhilef. "Energy efficiency in
sustainable buildings: a systematic review with
taxonomy, challenges, motivations, methodological
aspects, recommendations, and pathways for future
research.” Energy Strategy Reviews 45 (2023):
101013.

[52]Cai, S., & Gou, Z. (2023). A comprehensive
analysis of green building rating systems for data
centers. Energy and Buildings, 284, 112874.

[53]Sujana, Caroline Maretha. "Analysis of the
implementation of green building on the Syahdan
Campus building based on the Green Building
Council Indonesia (GBCI) specifications.” In 10P
Conference Series: Earth and Environmental
Science, vol. 1324, no. 1, p. 012024. IOP
Publishing, 2024.

[54] Ahmed, Mohd, M. Abul, and Javed Mallick.
"World green building rating systems: A

182



Mohanad Altuma, Hanadi Abdulridha Lateef, Ayad Al-Yousuf /Al-Rafidain Journal of Engineering Sciences Vol. 2, Issue 2, 2024: 168-184

comparative study." In Proceedings of the
International Conference Cum Exhibition On
Building Utilities, New Delhi, India, pp. 1-3. 2016.

[55] Hossain, Md Uzzal, S. Thomas Ng, Prince Antwi-
Afari, and Ben Amor. "Circular economy and the
construction industry: Existing trends, challenges
and prospective framework for sustainable
construction.” Renewable and Sustainable Energy
Reviews 130 (2020): 109948.

[56] Debrah, Justice Kofi, Diogo Guedes Vidal, and
Maria Alzira Pimenta Dinis. "Raising awareness on
solid waste management through formal education
for sustainability: A developing countries evidence
review." Recycling 6, no. 1 (2021): 6.

[57]Omopariola, Emmanuel Dele, Oludolapo lbrahim
Olanrewaju, Idowu Albert, Ayodeji Emmanuel
Oke, and Sunday Bankayode Ibiyemi. "Sustainable
construction in the Nigerian construction industry:
unsustainable practices, barriers and strategies."
Journal of Engineering, Design and Technology 22,
no. 4 (2024): 1158-1184.

[58] Kshetri, Nir. "Blockchain and sustainable supply
chain management in developing countries."
International Journal of Information Management
60 (2021): 102376.

[59] Dalirazar, Sadaf, and Zahra Sabzi. "Strategic
analysis of barriers and solutions to development of
sustainable buildings using PESTLE technique."
International Journal of Construction Management
23, no. 1 (2023): 167-181.

[60]Bello, Abdulkabir Opeyemi, Ayaz Ahmad Khan,
Abdullahi Idris, and Hamzat Mohammed Awwal.
"Barriers to modular construction systems
implementation  in  developing countries’
architecture,  engineering and  construction
industry.” Engineering, Construction  and
Architectural Management 31, no. 8 (2024): 3148-
3164.

[61]Liu, Zhengxuan, Chenxi Yu, Queena K. Qian,
Ruopeng Huang, Kairui You, Henk Visscher, and
Guogiang Zhang. "Incentive initiatives on energy-
efficient renovation of existing buildings towards
carbon-neutral blueprints in China: Advancements,
challenges and perspectives.” Energy and Buildings
(2023): 113343.

[62] Ogunmakinde, Olabode Emmanuel, Temitope
Egbelakin, Willy Sher, Temitope Omotayo, and
Mercy Ogunnusi. “Establishing the limitations of
sustainable construction in developing countries: a
systematic literature review using PRISMA." Smart
and Sustainable Built Environment 13, no. 3
(2024): 609-624.

[63]Jaradat, Haytham, Omar Adeeb Mohammad
Alshboul, Islam Mohammed Obeidat, and
Mohammad Kamal Zoubi. "Green building, carbon
emission, and environmental sustainability of
construction industry in Jordan: Awareness, actions
and barriers." Ain Shams Engineering Journal 15,
no. 2 (2024): 102441.

[64]Oke, Ayodeji E., John Aliu, and Solomon A.
Onajite. "Barriers to the adoption of digital
technologies for sustainable construction in a
developing economy." Architectural Engineering
and Design Management 20, no. 3 (2024): 431-447.

[65] Kumar, Mukesh, Rakesh D. Raut, Sandeep Jagtap,
and Vikas Kumar Choubey. "Circular economy
adoption challenges in the food supply chain for
sustainable development.” Business Strategy and
the Environment 32, no. 4 (2023): 1334-1356.

183



