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Developing a theoretical
framework for enhancing green
project approaches via Agile
methodology

Ahmed. Ali™ & Hesham. Sameh

The application of green building approaches has significantly increased in many countries and
buildings, accompanied by the development of numerous standards and methodologies for their
implementation. Despite these efforts, not all risks and challenges facing green projects have been
eliminated in some regions. Issues such as financing difficulties, budget overruns, and schedule delays
continue to pose significant challenges. As a result, no substantial improvements have been made in
the approach to green projects. Therefore, this study aims to develop a theoretical framework that
enhances the approach to green projects. By utilizing the AGILE methodology, specifically SCRUM, the
most significant risks facing green projects were identified and converted into indicators based on prior
studies. Furthermore, Building Information Modeling (BIM) technology, particularly Green BIM (GBIM),
was employed to create tools and elements to address these challenges, leading to the development of
a conceptual framework capable of providing solutions. This framework was built around 30 indicators,
whose weights were determined through an electronic questionnaire involving 140 specialists in green
projects, AGILE methodology, and BIM technology. Assistance from academic experts was also sought.
The results of the questionnaire, analyzed using statistical methods, contributed to the development
of a theoretical framework aimed at improving the approach to green projects.
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In order to attain sustainability, green construction necessitates approaching structures from an environmental,
social, and economic standpoint!. It is used starting at the design phase and continuing through the
implementation, operation, and waste disposal stages>>. Green projects currently face a number of risks and
problems during implementation and operation®®, such as project delays caused by unforeseen obstacles
resulting from poor project management, project costs that exceed initial estimates, inadequate project
financing, incomplete knowledge of the materials to be used, inadequate team selection ranging from the first
project manager to the worker, and, finally, a lack of interest from some countries in the type of these significant
projects6. Numerous studies conducted in China, Uzbekistan, and Singapore have clarified these issues; however,
each study’s problem was addressed independently without addressing and projecting future problems”®. This
is where the AGILE methodology comes into play, as it can effectively predict and solve all problems through
continuous improvement’. It is challenging to apply to these kinds of projects without the use of a tool like BIM,
particularly the GBIM related to green projects, because it can accurately provide the information needed for
the project, classify and organize it, present the issue in an understandable manner, and offer tools to address
it. Here, we require a straightforward, well-structured, and dynamically updated conceptual framework that
can classify and arrange BIM for data and information derived from green projects, thereby anticipating
and comprehending all the issues that arise in green projects. This framework should be built on the Agile
methodology and fundamentals.

The aim of this study is to provide a theoretical framework that can anticipate and address every problem
that could emerge in the course of green initiatives. This will address every issue, streamline the management of
these projects, and improve sustainability from the planning through to the execution phases. We will employ
the SCRUM strategy, which is most suited for our research, together with the AGILE technique. This approach
is effective in creating a framework that the GBIM system can utilize to produce indications that are useful for
managing and resolving issues that crop up in green projects. Additionally, it will be updated often, which will
aid in resolving any issues that may come up in the future. First, we will look at green projects and determine the
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most important success elements for them in this study. We will then examine the main hazards they face using
data from earlier research projects carried out in different nations. Our aim is to gain a thorough understanding
of the difficulties faced by green initiatives through this method, which will subsequently be converted into
quantifiable indicators (30 in total). By utilizing the GBIM system and the AGILE framework’s SCRUM
methodology, we will build a theoretical framework that is intended to successfully handle these difficulties. To
confirm this, an electronic questionnaire will be administered, involving experts and scholars in the domain who
will assess the markers.

Literature review

Introduction

Sustainable development has become a priority in numerous countries, driving the adoption of green projects
that aim to reduce environmental impact and enhance energy efficiency®'°. Simultaneously, the use of Agile
project management has risen across industries, valued for its adaptability and focus on collaborative work!!.
Green Building Information Modeling (GBIM) is a crucial technology in modern construction, streamlining the
implementation of sustainability principles in project design and execution'?. However, there is a notable lack
of research that integrates all three elements—green projects, Agile management, and GBIM—into a cohesive
framework. This literature review critically assesses current studies, highlights research gaps, and explores how
the combination of these approaches could enhance the management and efficiency of green projects.

Green projects

Green projects focus on minimizing environmental impact through sustainable design, construction, and
operation practices. They aim to reduce resource consumption and emissions while promoting the use of
renewable energy, smart materials, and environmentally friendly techniques!'>!.

Current challenges in green projects

Research has highlighted several challenges in green project implementation. For instance, studies like those
focusing on green projects in Singapore and Uzbekistan have identified economic, administrative, and technical
barriers®’. Green projects often face cost overruns, time management issues, and knowledge gaps among project
participants!>!®. In particular, a lack of understanding of green building concepts by key stakeholders, including
engineers and workers, poses a significant challenge!®!”. Additionally, limitations in legal frameworks and
interdepartmental cooperation have hindered green project scalability, especially in countries like Uzbekistan”1.

Agile project management

Agile project management, originally developed for the software industry, emphasizes flexibility, collaboration,
and iterative development!®2°. It has been adapted for other fields, including construction, where it has shown
promise in improving project management efficiency®*""?2. Agile follows a methodology that can be repeated
multiple times until the task is completed successfully and the aim is achieved, beginning with defining
requirements and continuing through the review process?*?, as illustrated in Fig. 1.

Current challenges in green projects

Agile methodologies, such as Scrum, have been applied to green construction projects to enhance flexibility
and performance!!?%. Scrum facilitates rapid iterations and continuous improvements, which are particularly
beneficial in green projects where sustainability standards and technological advancements require frequent
updates?®. However, research indicates that the application of Agile in construction is still limited, with many
studies calling for a deeper exploration of its benefits in project design and implementation?!.

Workflow of scrum

Scrum is a flexible and lightweight framework that combines both iterative and incremental approaches, enabling
continuous improvement in green projects while mitigating problems and risks through rapid development?*2’.
It allows teams to adapt to ongoing changes while maintaining a focus on performance, quality, and strong
collaboration with clients and team members. Scrum follows an iterative process, beginning with planning and
continuing through goal achievement, repeating the cycle until the process reaches its maximum potential for
success?, as illustrated in Fig. 2.

Agile methodologies in the construction
Agile methodologies, originally developed for software development, have been increasingly applied in the
construction industry, particularly to address the complex and unpredictable nature of construction projects.
The adaptability and iterative nature of Agile frameworks like Scrum offer valuable tools for managing
construction projects where project requirements often evolve over time. Research demonstrates that the use of
Agile practices in construction improves flexibility and communication among project stakeholders, facilitating
real-time decision-making and adjustments based on feedback from clients and project teams**°. Agile has
shown to be particularly effective in reducing delays and cost overruns, as it allows for incremental project
delivery and more accurate forecasting®!-*2.

In recent years, the integration of Agile methodologies with sustainability efforts in construction has become
a significant area of research. Studies indicate that Agile frameworks, when combined with green building
practices such as Green Building Information Modeling (GBIM), can significantly improve sustainability
outcomes. The iterative feedback loops in Agile allow for continuous refinement of sustainability measures
throughout the project lifecycle. For example, regular project reviews in Scrum enable teams to adjust plans for
energy efficiency, waste reduction, and resource optimization®*. This synergy between Agile and sustainable
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Fig. 1. Illustrates the Agile methodology, starting from requirements until reaching the review, and it can be
repeated many times by https://www.krasamo.com/agile-development-process/accessed in 04/03/2024.

Review 2

Fig. 2. Shows the Scrum model’s work cycle, starting from the plan until achieving the aim and then repeating
it again by Srivastava, A., Bhardwaj, S., & Saraswat, S. (2017, May). SCRUM model for agile methodology. In
2017 International Conference on Computing, Communication and Automation (ICCCA) (pp. 864-869).
IEEE.

construction has been particularly noted in residential projects, where environmental regulations and consumer
demand for sustainable buildings are on the rise>*3%.

Despite these advantages, Agile application in construction is not without challenges. The traditional linear
and hierarchical structure of construction management often conflicts with Agile decentralized and flexible
approach®®. A major barrier to Agile adoption in construction is the lack of familiarity among industry
professionals. Additionally, large-scale construction projects may struggle to fully integrate Agile practices,
particularly in the context of workflow automation and coordination across multiple teams®!. However, as
awareness of Agile benefits grows, there is a movement toward developing hybrid project management models
that combine Agile principles with more traditional construction methodologies®.

Limitations of Agile in construction Despite its potential, Agile methods face challenges in large-scale con-
struction projects. the complexity of integrating Agile with traditional construction management systems, as
well as issues related to workflow automation, have been highlighted in studies such as those conducted in Sin-
gapore and Washington D.C*. Additionally, Agile methods like Scrum are often underutilized due to a lack of
research on their scalability across entire project lifecycles®®.
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Green Building Information Modeling (GBIM)

GBIM integrates sustainable principles with Building Information Modeling (BIM) technology, creating a
powerful tool for designing and managing green projects®”*. BIM’s multidimensional modeling capabilities
support various stages of the construction process, from conceptual design to lifecycle maintenance®>°.

GBIM in green projects

GBIM has been praised for its ability to enhance project efficiency and sustainability. Research has shown that
GBIM can reduce energy consumption, improve resource management, and streamline the green certification
process'>4!. However, its application in construction remains limited, particularly in developing countries.
Studies have pointed out challenges in integrating all green building aspects into BIM systems, with a lack of
standardized strategies and methodologies for effective implementation®.

Dimensions of BIM

BIM technology is categorized into eight dimensions that cover the entire project lifecycle, from the concept
stage through to maintenance, operations, and safety’>. Among these dimensions, the sixth dimension stands
out as the most significant because it represents the green approach, often referred to as GBIM*, as illustrated in
Fig. 3. This classification was primarily used in the theoretical framework.

Research gap

Despite the advances in green projects, Agile management, and GBIM, there is a significant gap in the literature
concerning their integration. Few studies have explored how these three elements could be combined to
improve project outcomes. Most research focuses on these areas in isolation, limiting their potential impact on
construction sustainability. This research aims to address this gap by developing a theoretical framework that
combines Agile, green projects, and GBIM to enhance project management and execution.

Critical analysis of current studies

While existing research offers valuable insights into green project management, Agile methodologies, and GBIM,
it also reveals significant limitations. Many studies are geographically limited, focusing on specific countries like
Singapore or Uzbekistan, which reduces the generalizability of their findings®’. Additionally, the adoption of
Agile methodologies in construction has been slow due to a lack of research on its long-term scalability?!. GBIM,
though promising, faces challenges in implementation due to technical complexity and the absence of industry-
wide standards'?. The top 30 risks associated with green projects are summarized in the literature, as detailed
in Table 1.

Furthermore, a key limitation across many studies is the lack of comprehensive strategies for integrating
sustainability into construction management. While Agile and GBIM offer potential solutions, their application
to green projects has been underexplored. This research proposes a novel approach that integrates these three
elements, addressing the gaps in current literature and providing a robust framework for sustainable construction.

In conclusion, Table 2 in the research provides a comprehensive summary of all the studies discussed in
the literature review. Each reference is summarized based on the key limitations, objectives, research gaps, and
methodologies, along with a summary overview of each study.

Material and method
This research was conducted on four axes: according to Fig. 4.

o The first axis: Initially, a review of the literature was done on green projects because the primary goal of the
research is to identify a framework and methodology that can anticipate and solve any issue that arises while
also being updated on a regular basis. Because of its advantages in a smooth technique based on total error
prevention, anticipation, and continuous improvement, the Agile methodology was chosen. Secondly, a re-
view of the literature was done regarding the Agile methodology. The best approach from the AGILE methods
was selected: Scrum. Because it isn't as complex as other software methodologies, Scrum is the closest method
that can be used for green projects and contracting projects in general. Lastly, because BIM technology is
thought to be a bridge between green projects and the AGILE approach, it was selected as a tool to apply and
implement the Scrum methodology on green projects. Consequently, a literature assessment was done specif-
ically for the GBIM because it was determined to be more appropriate for green initiatives.

2 sa l |
studie odelin Time Cost Green Maintain Safet
s g I ance y

Fig. 3. 8 dimensions for BIM, each dimension has its function indicated, especially the sixth dimension and its
function, the green architecture by https://www.virtualbuildingstudio.com/bim-dimensions-2d-3d-4d-5d-6d-7
d-8d/ accessed in 17/05/2024.
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Stakeholders No. | Risks

1 Inaccurate studies®

Unpredictability's

High cost of green projects*®
Project manager

Lack of knowledge of green thought?

Lack of interest in the life cycle of the building?

|| | W N

Safety and accidents®

—

Delay in project delivery®

Lots of waste during implementation®

Contractor —
Lack of experience and quality®®

W N

Poor site management®

—

Labor productivity®
Labor P Y

8]

Hazards facing workers on site!®

1 Poor team experience!

Poor in design®

Errors in deign”

Designer Clashes in the design'®

Delay in project delivery’

Lack of knowledge of materials related to thermal and acoustic comfort!®

N |G| W N

Not knowing the materials that extend the life of the building'®

—

Non-cooperation*®

Continuous change!®

Hesitation in making decisions®
Owner

Lack of a clear financing strategy’

Lack of knowledge of the value of green projects*®

|| | W N

Failure to set flexible programs to reduce waste*”

1 Errors in the pricing process'®

Consultants - -
2 Error in the review process*®

1 Change in regulations®

8]

Governmental institution Lack of awareness of the importance of green projects®

3 Lack of interest in feasibility studies'®

Table 1. 30 risks by author.

« The second axis: A Conceptual framework as in Fig. 6 is proposed based on the Scrum methodology, starting

from planning through to review and achieving the final aim. This framework involves the development of a
tool, the BIM tool, designed to organize and classify green projects into units ranging from 1D to 8D. The tool
allows for input of all information related to green projects, categorized for all stakeholders, from government
institutions to engineers and workers. This information includes potential problems and risks that both the
stakeholders and the project may encounter. The inputs will drive the development process, with outputs de-
rived according to the BIM tool’s principles, and key indicators will be extracted as a result of this process. The
indicator was developed by connecting three elements, namely BIM from the dimensions-based classification
and the Agile methodology, which is reflected in the workflow. Additionally, it incorporates inputs related to
green projects, classified based on contributors to the process. For instance, in Fig. 5, indicator number (1)
was generated by linking (1d), representing the initial studies, with the first input, the project manager, who is
responsible for the feasibility studies conducted during the project’s preliminary phase.

The third axis: The electronic questionnaire was designed to evaluate 30 indicators, as detailed in Table 4.
These indicators were derived from the risks highlighted in the literature review, which identified a total of 30
risks gathered from an analysis of the challenges faced by green projects in various countries, as outlined in
Table 5. The questionnaire consists of 30 primary questions, each corresponding to one of the indicators. The
number 30 was selected based on the total outputs derived from all inputs, including all project-related data
and information. This number may be adjusted in the future depending on the specific circumstances. These
30 indicators were used to create questions that evaluate their impact and possible application within the the-
oretical framework. The questionnaire began by collecting information such as name, email, specialization,
and academic degree, along with a question identifying the key contributors in the design process. Following
this, the 30 questions were categorized according to the project’s contributors, with all questions listed in ap-
pendix (1), as shown in supplementary Tables 1 and 2. Additionally, 140 experts in green technology, project
management, and BIM technology, along with academics in these fields, were selected as participants, as
indicated in Table 3. The participants were divided based on their representation in Egypt, calculated using
Cochran’s sample size formula and the connectionist approach, as shown in Eq. (1)*:.
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Title

Limitations

Objectives

Gap

Method

Summary

Risk assessment: A
case of Singapore’s
green projects

Low response rate to the
survey, limited geographical
scope (Singapore)

Assess risks in Singapore’s
green building projects
using a fuzzy synthetic
evaluation (FSE) model

Limited studies on risk
management in green
building projects

Questionnaire survey
from project managers,
FSE risk assessment
model

Risk management study that identifies
the most critical risks in green building
projects in Singapore.

Uzbekistan’s
Transition to a
Green Economy,

Challenges with effective
policy implementation,
legal gaps, and

Analyze problems and
provide solutions for
Uzbekistan’s green economy

Lack of comprehensive
strategies and
cooperation in

Analytical review
of existing policies,
legal frameworks, and

Focuses on Uzbekistan’s transition
to a green economy, discussing the
importance of sustainable practices and

Problems, and interdepartmental e implementing green : L
. . transition - ecological programs policies.
Solutions cooperation policies
The present Statistical analysis of
situation, Understand the current Insufficient financing Y Discusses green investment in China

problems, and
countermeasures of
green investment in
China

Financing channels are
limited and costly; low
leverage of financial funds

green investment
situation and provide
countermeasures

channels and
inefficiency in the green
investment mechanism

green investments
and related activities,
covering six main
investor groups

and proposes solutions for expanding
financing channels and improving
efficiency.

Green building
standards and
Certification
systems

Time and resource
constraints for data
collection and modeling,
subjectivity in impact result
conversions.

Enhance green building
standards, improve
energy and environmental
performance in the
construction sector.

Limited data
availability, especially
for new technology
like nanotech, lack of
unified green product
definitions.

Life Cycle Assessment
(LCA) to evaluate
environmental burdens
across a product’s
lifecycle.

Focuses on enhancing building
sustainability by adopting green
building standards and certifications
to reduce carbon emissions and energy
consumption.

Green Project
Management

Gathering reliable inventory
data is resource-intensive;
subjective decisions in LCA
scoring.

Guide project managers in
incorporating sustainability
into project decisions.

Insufficient transparency
in LCA data

modeling and varied
methodologies.

Use of frameworks like
1SO 14,040 and software
tools like SimaPro and
GaBi for conducting
LCA.

Discusses the integration of green
techniques in project management,
particularly through lifecycle assessments
to identify high-impact areas and
improve sustainability in projects.

Green projects: An
information drives
analysis of four
cases

Lack of environmental
policy, insufficient
managerial support for
green efforts.

Enhance efficiency in
project management by
focusing on sustainability
and environmental risk
management.

Difficulty in securing
management
commitment and
funding for green
initiatives.

Use of decision-making
tools like SMARTER and
greenality principles to
guide sustainable project
execution.

This document focuses on how to run
projects efficiently while integrating
sustainability measures, emphasizing
a framework for implementing and
monitoring green initiatives in project
management.

Engaging
Consultants in
Green Projects in

Data limited to Vietnam
and developing countries;
results are subjective due to

To develop a risk
assessment (RA) model
for Green Building (GB)

Lack of research on
risk assessments for GB
projects in developing

Developed an RA model
based on impact level,
probability, and RM,
applied to GB projects in

This paper develops a practical RA model
to assess GB project risks in Vietnam,
identifying critical risk factors and

Malaysia participant judgment projects in Vietnam countries Vietn: proposing mitigation strategies
Managing . . Exglore legal and Lack of clear integration Anz'ilysm of legal and This document examines the challenges
Green Building Project was constrained by | environmental challenges . policy documents

. ) between environmental . and legal obstacles faced by solar farm
Development: legal and environmental in renewable energy on environmental

Singapore Case
Study

regulations

projects like the Open View
Solar Farm

and development
policies

regulations for solar
projects

projects within the U.S. regulatory
framework

Risk Assessment
Model for Green
Building Projects in
Vietnam

Limited credible research
on benefits of green
buildings; high cost of
green practices

Compare conventional and
green building processes;
Identify challenges in green
building construction

Need for more
research on green
building benefits and
communication among
project members

Literature review and
interviews with project
managers to identify
common challenges and
solutions

The paper identifies cost, communication,
and research challenges in green projects
and proposes solutions like government
incentives and regular meetings

This paper examines consultant

Sustainable Based on Malaysian Explore engagement - Qualitative interviews . .
. P . Limited research on how | . engagement methods in green projects,
Construction: context, limiting methods for project with 18 respondents . - . ;
- ; . consultants are engaged . comparing client-driven and architect-
Green vs. generalization; lack of green | consultants in Malaysian . ; from green-certified . R
: . in green construction . driven approaches, and highlighting
Conventional consultants green projects projects . o
selection criteria
. The extra work in green To assess the additional There is limited Case study approach Explores the additional tasks required
The Effectiveness . ; s . . . . a5 ) g
of Green Buildin. projects introduces tasks and risks involved in | understanding of the analyzing tasks across in green building projects, focusing on
Initiatives 8 complexity in planning and | green building projects in extra work required in different green building | legal, market, and technical complexities
managing. various stages. green building projects. | development stages. during project implementation
Qualitative interviews .
a1 . . . This study focuses on the knowledge
Green Building The limited expertise in To identify key challenges A lack of experienced with project managers, aps and challenges faced in the green
Development P th 8 consultants and architects, and ap 8 8

Process: Challenges
and Opportunities

green building practices
poses a challenge.

and opportunities in green
building development.

professionals in green
building projects.

contractors involved
in green building
development.

building sector, emphasizing the need
for better expertise and consultant
engagement strategies.

Lack of documentation isn’t
eliminated but reduced;

Promote agile
methodologies focusing on

Resistance to agile due
to misconceptions of

Creation of Agile
Manifesto and principles,

The Agile Manifesto emphasizes
collaboration, responding to change,

Agile Manifesto Agile is context-specific, not | collaboration, adaptability, | it being “light” or a formed by' 17 experts and working software over rigid
: : . « » through discussions and >
a universal solution and working software hacker” approach practice documentation and processes.
The application of Six DMAIC methodology
Using Six Sigma to | Limited findings on the Implement Six Sigma Si mflfn education (Define, Measure, Six Sigma was applied in an educational
Improve Outcomes | long-term impact of Six methodology in higher is% nder-explored Analyze, Improve, institute to improve processes, showing
in Higher Sigma in educational education to improve P Control) applied in two | potential for enhancing outcomes,
) . and lacks cost/benefit . . o ;
Education environments student outcomes analysis phases in an educational | though further analysis is required.
4 setting
Green Building
Ili/fo) ect High initial costs, lack of Identify (?bsltacles m Lack of a proper project Sgrveys and Interviews Examines challenges in managing green
anagement: . green building project with 31 experts; review e < .

green product info, complex management framework " building projects and proposes solutions
Obstacles and TS management and propose g of existing frameworks . Lor . .

legislation, and unequal for green building like widening government incentives and

Solutions for
Sustainable
Development

benefits distribution

solutions to encourage
sustainable construction

projects in Singapore

and project delivery
systems

developing a PM framework.

Continued
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Title Limitations Objectives Gap Method Summary
Acile Six Sigma jn | FOcus on a single hospital Combines Agile and Six Sigma
Hialthcare‘gCase unit; tested only on infant Improve patient access to ack of efficient models to Discrete event simulation to improve gatient absentegism
Study at Santobono | 2€UTOP sychiatry, with no clinical services using Agile handle patient no-shows (DES) with DMAIC manapemer?t applying a simulation

& . classical statistical pre-post | and Six Sigma approaches p methodology 5 > PPYINg ! .
Pediatric Hospital analyses model to test overbooking strategies
An Analytical The new method brings Develop a controlled Poor application of - . . . .
Approach in confusion and ambieuit framework to handle agile methods in Application of Agile Agile methods are applied to construction
Usage of Agile when implemented ?n ¥ the dynamic nature of construction; delays management (Scrum, management to better handle change
Methodologies in tra ditiong 1 settin const}; uction Drojects due to design & change | sprints) in construction | orders and improve project outcomes
Construction 8 proj orders
Comparative Comparison only between | Analyze and compare Existing literature A detailed comparison of Agile, Lean
Analysis of Project | existing frameworks, Agile, Lean, Six Sigma, lacks a comprehensive Literature review and Six Siema. and Traditional PM to find
Management with limited practical and Traditional PM comparison of all four comparative analysis ma, . .

. : . strengths and areas for integration

Approaches implementation methodologies approach
Systematic Sampling process may limit Bridge the gap between No prior systematic Systematic literature Reviews the evolution of Agile and
Review of Agile the r%buggtg ess of fin d);n s practical and theoretical literature review with a | review with text mining | highlights under-researched areas in
Methodology 8 interpretations of Agile temporal perspective and contingency analysis | management theories
Agile Project Waterfall Project Lack of research on

Management for
Design-Build
Construction
Projects: A Case
Study

Management is still
dominant despite DB
methods. Scrum limited
by a lack of research on
its application throughout
entire DB lifecycle.

To explore Scrum’s
applicability to Design-
Build projects, aiming to
enhance communication,
cost, and schedule control.

applying Agile (Scrum)
to Design-Build projects,
particularly during

the entire design and
construction phases.

Case study applying
Scrum to a Design-
Build school project in
Washington D.C.

Demonstrates Scrum’s potential benefits
in cost and schedule control for Design-
Build projects but calls for further
research into scalability across whole
project lifecycles.

Innovation by
Integration of
Drum-Buffer-Rope
(DBR) Method

Kanban cannot predict
bottlenecks in the flow,
leading to potential

To integrate DBR with
Scrum-Kanban to improve
throughput in Agile Project

Lack of research
integrating DBR with
Scrum-Kanban in the
context of agile project

Monte Carlo simulation
of Scrum-Kanban
combined with DBR

to test four workflow

Shows that integrating DBR with
Scrum-Kanban increases throughput and
minimizes workflow bottlenecks, with
optimal performance in the modified

g::biirum— workflow stoppage. Management. management. scenarios. “Unbalanced Line” scenario.
Acile Methods Scrum struggles with large- To compare Scrum Difficulty in scalin Comparative analysis Each method has distinct strengths:
5 - scale automation, workflow, P L - Y & based on the application | Scrum excels in managing cross-
pp ging
Comparison: Kanban, and XP in terms Agile methods for larger,

Kanban vs. Scrum
vs. XP

and testing, especially in
complex or distributed
projects.

of applicability to various
types of projects.

complex, and distributed
projects.

of Scrum, Kanban, and
XP in different types of
agile environments.

functional teams, Kanban in workflow
visualization, and XP in rapid iterative
feedback for software.

Challenges in scaling

Lack of automation Modified Scrum model | Proposes scaling solutions for Scrum in
Scrum Model N Scrum to larger, . . . T
. and experienced team Propose a scalable Scrum cos addressing workflow and | large projects by separating traditional
Scaling for Large . . distributed teams, R " N
- members in Scrum leads model for large, distributed . . team structure issues and innovative tasks, though challenges
Distributed . S : particularly in : - - )
. to inefficiencies in large projects. : in large, distributed remain in automation and team
Projects . testing and workflow )
projects. ; projects. management.
automation.
. Discusses the application of Agile
Agile Methodology | Lack of precise Agile Teach IT students Agile . . Real-world application methodologies like Scrum and Kanban
Inconsistent definitions

in Education of IT
Students

definitions, especially in
non-IT projects

methodology through real-
world projects and Scrum
applications

of Agile

of Agile and Scrum in
education

in IT education, focusing on teamwork,
incremental development, and iterative
approaches

Scrum Project

Difficulties with integration
of conventional and Scrum

To implement Scrum and
Agile for effective project

Need for a balance
between traditional and

Scrum framework
implementation,

Highlights the use of Scrum in project
management to improve efficiency and

Management management in various Agile methodologies in | sprints, and daily Scrum s

methods industries management meetings adaptability

Limited to IT-specific Interactive workshops Describes teaching methods aimed at
Developing Agile applications, may not Teach Agile methods like Lack of Agile training at real-world Scrum tegn; imparting Agile development skills
Skills in IT Courses | translate well to non-IT Scrum to IT students non-IT departments cal-wor u through simulations, coding exercises,

S simulations . .

disciplines and iterative teamwork

Challenges and A review of challenges and key success

Success Factors for
Large-Scale Agile

Large-scale transformations
face coordination
difficulties between teams

Analyze success factors for
Agile transformations in
large organizations

Limited studies on large-
scale Agile applications

Systematic literature
review of large-scale
Agile transformations

factors for scaling Agile in larger
organizations, focusing on coordination,
communication, and resource

Transformations
management
. . . Provides a comprehensive introduction
D BIM adoption is slow due To explam the basic Limited understanding Review of BIM . to BIM, discussing its potential to
BIM in Principle . - principles of BIM and principles, case studies - L
. L to technical complexity : - L of BIM among many L revolutionize the construction industry
and in Practice its practical application of BIM applications in

(Barnes & Davies)

and lack of industry-wide
standards.

in various construction
projects.

in the construction
industry.

railway stations and
precast concrete projects.

through improved collaboration and
efficiency. Highlights case studies of BIM
applied to complex projects.

Green BIM: Future
Potential for Green
Building Projects

Difficulty in integrating

all green building aspects
into BIM; limited use in
construction due to lack of
standardized strategies.

To explore how BIM

can be applied to green
building projects to
improve sustainability and
streamline certification
processes.

Gap between academic
research on BIM and
practical use in green
building construction.

Literature review,
analysis of Green BIM
applications in building
design, and potential

for integration with
certification systems like
LEED.

Examines how BIM can be used to
support green building projects, improve
energy efficiency, and streamline
certification. It emphasizes the potential
for using BIM in life-cycle assessment
(LCA) and sustainability measures for
future construction.

Continued
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Technologies in
Education Systems

environments due
to varying levels of

technological infrastructure

in institutions.

technological competence
in engineering and
education.

consortia and global
educational resources
using BIM.

integration of BIM
technologies in curricula
for engineers and
educators.

Title Limitations Objectives Gap Method Summary
Discusses the necessity of incorporating
o . . . BIM technologies in the educational
Challenges in integrating To hichlicht the i Review of educational f he technological
BIM into educational o highlight the importance | | 4 of edycational processes and the system o foster the technological
The Role of BIM of BIM for developing competence required for future engineers.

It promotes BIM’s role in practical
training and addresses the creation

of an open information-educational
environment for collaboration and global
knowledge-sharing.

BIM Benefits

and its Influence
on BIM
Implementation in

Lack of awareness and
proper understanding
of BIM benefits among
construction companies

To identify significant
BIM benefits influencing
implementation and
scrutinize the relationship
between BIM benefits and

Lack of comprehensive
research evaluating
Malaysian construction
stakeholders’ perception

Survey of construction
professionals in Malaysia
(questionnaires)

Explores BIM’s potential to increase
productivity, time, cost savings, and
enhance communication among
stakeholders

for Building
Sustainability
Assessment

constraints in integrating
BIM with sustainability in
Iraqi construction projects

of BIM as a project
management tool for
building sustainability

with sustainability in
Iraq

1440, detailing phases
from 3D to 6D

Malaysia implementation in Malaysia of BIM benefits
Employ 6D-BIM Economic, technical, To investigate the benefits
Model Features and awareness-related 8 Lack of BIM integration | Framework based on ISO | Explains the 6D BIM model’s potential

for sustainability, including lifecycle
costing and energy performance analysis

Integration of
BIM Dimensions
for Project
Management and
Sustainability

High initial costs,
insufficient industrial
development, and lack of
trained BIM engineers

To explore BIM’s
dimensions from 1D to
10D and their impact on
construction efficiency and
sustainability

Insufficient adoption of
BIM’s higher dimensions
(above 5D)

Review of literature on
BIM dimensions and
their applications

Analyzes BIM’s extended dimensions,
including industrialized construction
(10D), sustainability (6D), and building
management (7D)

Research on
Collaborative
Design System of
Green Building
Information Model

Limited collaboration
between designers, weak
information flow in
traditional design systems.

To establish a collaborative
green building information
model (GBIM) decision-
making system.

Traditional architectural
design hinders green
building collaborative
efforts, affecting
efficiency and
sustainability.

IDEF0 method, traffic
simulation, building
information modeling
(BIM)

Proposes a GBIM-based decision-making
system to improve resource utilization
and coordination throughout a building’s
lifecycle.

Lack of a systematic

Importance of
Criteria and Sub-
Criteria in Green

Limited local adaptability of

green building evaluation
systems, disparity between
current criteria and actual

To evaluate the importance
of different criteria and
sub-criteria in the Green
Building Index Malaysia

undue emphasis on
energy efficiency, while
other criteria, like

Analytical Hierarchy
Process (AHP), pair-wise
comparison

. Complex and chaotic To introduce GBIM . Explores using information flow
Information inf ion flow i ith inf ion fl and efficient method IDEF deli deli . K dinati
Flow Modeling in’ 'orr‘natlon' ow m' green with in ormathn ow to manage information QV mo: le ing ) mo: e. ing to ll"npl’O\{e tas coor' 1qatlon,
Technology of building projects, difficulty | technology for improved flow and task technique, hierarchical ensuring efficiency in green building
GBIM 8y in handling information green building design and coordination in green graph structure designs through data management and

exchanges efficiently. management. building project;g task synergy.
The Level of Current GBIM places

Assesses the importance of criteria
like energy efficiency and indoor
environmental quality in Malaysia’s
GBIM system, suggesting recalibration

Building Index indoor environmental A
Malaysia needs. (GBIM). quality, are undervalued. of priorities.
Friy Sudy | Lt oy | A At in kot rohon | L i | S CTImTOS TS oy
i . option, i construction projects Agile outside IT studies . cays, .
Construction evidence for construction satisfaction in construction
Agile in . Investigate Agile’s Limited studies on o . Agile offers benefits like improved
8 Small sample size. 8 8 Qualitative interviews 8 P
Construction artici anf bias hich cost challenges and potential in | Agile’s obstacles in with 20 project managers flexibility and resource management but
Projects P P > g construction construction proj 8 faces cultural resistance and high costs

Agile Frameworks
in Construction
Project
Management

Limited access to non-

English articles, incomplete

data

Systematic review of
Agile’s role in construction
management

Few studies on Agile’s
integration with Lean
and BIM

Systematic review of 37
articles from 2006-2023

Agile frameworks boost productivity,
cost control, and communication but face
resistance to change in construction

A Framework for
Utilization of Agile
Management in
Construction

Traditional methods
lack flexibility and delay
problem-solving.

Introduce Agile Project
Management in
construction.

Limited application of
agile in construction
projects.

Literature review,
framework development,
case studies.

Proposes a framework for agile use in
construction to improve adaptability and
efficiency.

Table 2. Comprehensive summary of literature review research by author.

Ntpg 4
~ Nd2 +t2pq

(1)

The variables used are as follows: n=sample size, N =population size, p=probability of success, t=confidence
level value, q = probability of failure, and d =acceptable margin of error. We contacted accredited organizations
and centers within the country to obtain approximate figures for the number of specialists. The data revealed
that there are around 15,000 specialists in green projects, 4,000 specialists in BIM technology, and 300 specialists
in Agile methodologies. Additionally, there are approximately 100 faculty members, including professors and
assistant lecturers, bringing the total to 19,500 individuals. After applying these values to the equation, where
N=19,500, t=1.95, p=0.5, q=0.5, and d=0.07, the calculated result was 138, so 140 samples were selected for

the questionnaire®.

49

19500%1.95% % 0.5 * 0.

=

8]

n= 2 2
195000.07 + 1.95% % 0.

5

* 0.5

= 138 = 140 sample
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Fig. 4. Ilustration of the methodology consisting of 3 sections: inductive method, analytical method, and
conductive method by author.

o The fourth axis: Statistical analysis was conducted to evaluate the relative significance of the electronic ques-
tionnaire results. The process started with calculating the mean (), standard deviation (o), and coefficient of
variance (CV) to gauge the homogeneity of the sample. Following this, the relative importance index (RII)
was determined based on Likert scale classifications (k)*°->% “(EI) represents Extremely Important, (I) stands
for Important, (A) for Average, (NI) for Not Important, and (ENI) for Extremely Not Important. Finally, the
study assessed the level of importance, relative ranking, and percentage of global ranking for each of the 30
indicators using the following Egs. (2, 3, 4)7%->:

(1) = nl 4 202 4 3n3 4 4n4 4 5n5/Total number of samples® (2)
(CV) = (ae/ ) % 100 (3)
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Fig. 5. The first indicator and explains its work cycle, through the plan and then the process by author.
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Fig. 6. The Conceptual framework illustrates the relationship between the Agile processes represented in
Scrum, GBIM, and green projects by dividing the work cycle into inputs, process, and outputs, and it can be
repeated through Scrum by author.

Participants Number
Experts in green projects 90
Experts in BIM technology 25
Experts in AGILE management 15
Academic stuff (Doctors) 5
Academic stuff (Teaching assistant) 5
Total 140

Table 3. Distribution of participants in the electronic questionnaire by author.

Concerning the CV result, a value between 10 and 20 suggests that the sample was homogeneous and well-
balanced. It's important to note that a CV value®® below 10is regarded as an indication of an excellent sample, as
outlined below’”:

o CV<10: Excellent sample.

« CV between 10 and 20: Very good.
o CV between 20 and 30: Acceptable.
« CV between 30 and 40: Low.

o CV>40: Unacceptable.

Scientific Reports|  (2024) 14:27786 | https://doi.org/10.1038/s41598-024-78613-x nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

(RIT) = 1y + 2ny + 3n3 + 4ny + 505/5(ny + ng + n3 + nd 4 n5)™ (4)

o RII=0.00-0.20: Importance Level (Low=L).

o RII=0.21-0.40: Importance Level (Medium Low=ML).
o RII=0.41-0.60: Importance Level (Medium =M).

o RII=0.61-0.80: Importance Level (Medium High=MH).
 RII=0.81-1.00: Importance Level (High=H)>-.

The number of experts who assigned scores of ‘El’ is (n5), T is (n4), A’ is (n3), ‘NI is (n2), and ‘ENT is (n).
These experts were classified into four categories: those associated with BIM, represented by (B); those focused
on agile methodologies, represented by (A); those involved in green architecture, represented by (G); and, lastly,
academic experts, represented by (C). Based on the theoretical framework and the identified indicators, which
are regarded as solutions to the challenges faced by green projects using BIM, these indicators were categorized
into seven sections, as shown in Table 4. To gather expert opinions on the effectiveness of these indicators in
addressing the issues of green projects, a baseline survey was conducted through an electronic questionnaire.
The questionnaire consisted of 30 questions derived from the 30 indicators, and it was distributed to a sample of
70 experts. The complete results are presented in Table 7.

Result

Questionnaire analysis

The results are derived from an electronic questionnaire and expert evaluations addressing challenges in green
projects. These findings are influenced by the integration of BIM technology and the Scrum framework within
the Agile methodology. Statistical analysis was used to assess the electronic questionnaire, focusing on indicators
related to stakeholders in green project challenges, and verified using the coefficient of variation (CV). The
results indicated that group A was ranked as high (H), groups D and E as medium to high (M-H), groups B and
F as medium (M), and group G as medium to low (M-L), as detailed in Tables 6 and 7.

Stakeholders No. | Indicators
1 (Experts role) feasibility studies/ green projects
2 (Time) proactive system/green projects
3 (Cost) AGILE methodology / green projects
A | Project manager
4 (Flexibility in change) AGILE methodology / green projects
5 (Flexibility in change) AGILE methodology / life cycle buildings
6 (Flexibility in change) AGILE methodology / safety and quality control
1 (Time control process) Agile / project handover date
2 (Competencies) AGILE / cost of waste
B | Contractor
3 (Environnemental context) Project implementation / quality
4 (Continuous monitoring) AGILE approach / site management
1 (Continuous monitoring) AGILE approach / labor productivity
C | Labor
2 (Reducing the errors) safety / site
1 (Time) specialized team / studies
2 (Owner) professional team leader / innovative designs
3 (Continuous improvement) design processes / reducing errors
D | Designer 4 (Coordination) conflicts / drawings
5 (Time management system) delays / drawings
6 (Material) environmentally friendly / both thermal and acoustic comfort
7 (Material) environmentally friendly / extending the life cycle of the building
1 (Quality of the project) cooperation / stakeholders
2 (Reducing waste) parameters / continuous change
3 (Owner) several suitable alternatives / preventing hesitations
E | Owner
4 (Contract) financing conditions and strategies/organizing financing for the project
5 (Green projects) high value / implement it in his project
6 (Flexible programs) wasting / design stage
1 (Competencies) pricing process / preventing errors
F | Consultants
2 (Competencies) supervision process / preventing errors
1 (Green projects) value / developing legislation
G | Governmental institution | 2 (Green projects) value / apply it in their projects
3 (Feasibility studies) great success / project

Table 4. 30 indicators by author.
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Stakeholders No. | Risks Indicators

1 Inaccurate studies (Experts role) feasibility studies/ green projects
2 Unpredictability (Time) proactive system/green projects
3 High cost of green projects (Cost) AGILE methodology / green projects

A | Project manager
4 Lack of knowledge of green thought (Flexibility in change) AGILE methodology / green projects
5 Lack of interest in the life cycle of the building (Flexibility in change) AGILE methodology / life cycle buildings
6 Safety and accidents (Flexibility in change) AGILE methodology / safety and quality control
1 Delay in project delivery (Time control process) Agile / project handover date
2 Lots of waste during implementation (Competencies) AGILE / cost of waste

B | Contractor
3 Lack of experience and quality (Environnemental context) Project implementation / quality
4 Poor site management (Continuous monitoring) AGILE approach / site management

c | Lab 1 Labor productivity (Continuous monitoring) AGILE approach / labor productivity

abor

2 Hazards facing workers on site (Reducing the errors) safety / site
1 Poor team experience (Time) specialized team / studies
2 Poor in design (Owner) professional team leader / innovative designs
3 Errors in deign (Continuous improvement) design processes / reducing errors

D | Designer 4 Clashes in the design (Coordination) conflicts / drawings
5 Delay in project delivery (Time management system) delays / drawings
6 i;:rl:fgftknowledge of materials related to thermal and acoustic (Material) environmentally friendly / both thermal and acoustic comfort
7 Not knowing the materials that extend the life of the building | (Material) environmentally friendly / extending the life cycle of the building
1 Non-cooperation (Quality of the project) cooperation / stakeholders
2 Continuous change (Reducing waste) parameters / continuous change
3 Hesitation in making decisions (Owner) several suitable alternatives / preventing hesitations

E | Owner i iti ies, izi i
4 Lack of a clear financing strategy ;i())jrel;act) financing conditions and strategies/organizing financing for the
5 Lack of knowledge of the value of green projects (Green projects) high value / implement it in his project
6 Failure to set flexible programs to reduce waste (Flexible programs) wasting / design stage
1 Errors in the pricing process (Competencies) pricing process / preventing errors

F | Consultants
2 Error in the review process (Competencies) supervision process / preventing errors
1 Change in regulations® (Green projects) value / developing legislation

Governmental - .8 - o : -

G | ihstitution 2 Lack of awareness of the importance of green projects (Green projects) value / apply it in their projects

3 Lack of interest in feasibility studies'® (Feasibility studies) great success / project

Table 5. Showing the creation of the 30 indicators from the 30 risks.

Similarly, the overall indicators were ranked high (H) in the project manager category. Additionally, three
indicators were ranked high (H) and one medium-high (M-H) under the contractor category. The indicators
were also ranked high (H) for labor, designers, and consultants. For owners, five indicators were ranked high
(H) and one medium-high (M-H). Lastly, the indicators for governmental institutions were ranked high (H).
In conclusion, 28 indicators were ranked high (H) and two were ranked medium-high (M-H), as illustrated in
Fig. 9.

Validation

The CV result of 13.592 indicates a strong and balanced outcome, as shown in Table 7. Additionally, the results
from the electronic questionnaire were illustrated with a chart highlighting the predominant trends in the
responses. This visualization is crucial, as it emphasizes the two most significant and influential directions in the
answers, as shown in Fig. 7.

Result analysis
The findings are presented through tables and figures derived from the questionnaire data:

First, in Table 6:

The indicators were categorized into seven groups based on the classification of project contributors. As
a result, the calculated CV was 7.73, which is considered an excellent outcome. A relative ranking was then
assigned to each group, allowing the importance level of each group to be determined.

Second, in Table 7:

Secondly, in Table 7, all the indicators were listed, their importance was assessed, and a relative ranking was
assigned to each group of related indicators.

Third, Fig. 7:

Presents a chart displaying the importance levels for all indicators, accompanied by a key for each
corresponding importance rate.

Fourth, Fig. 8:
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(Feasibility studies) great success / project

(Green projects) value / apply it in their projects

(Green projects) value / developing legislation

(Competencies) supervision process / preventing errors

(Competencies) pricing process / preventing errors

(Flexible programs) wasting / design stage

(Green projects) high value /implement it in his project
(contract) financing conditions and strategies /...
(owner) several suitable alternatives / preventing...

(Reducing waste) parameters / continuous change

(Quality of the project) cooperation / stakeholders
(Material) environmentally friendly / extending the...
(Material) environmentally friendly / both thermal...

(Time management system) delays / drawings

(Coordination) conflicts / drawings
(Continuous improvement) design processes /...

(Owner) professional team leader / innovative designs

(Time) specialized team / studies

(Reducing the errors) safety / site
(Continuous monitoring) AGILE approach / labor...
(Continuous monitoring) AGILE approach / site...
(Environmental context) project implementation /...

(Competencies) AGILE / cost of waste

(Time control process) Agile / project handover date
(Flexibility in change) AGILE methodology / safety and...
(Flexibility in change) AGILE methodology / life cyde...
(Flexibility in change) AGILE methodology / green...

(Cost) AGILE methodology / green projects

(Time) proactive system/green projects

T

(Experts role) feasibility studies/ green projects
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Fig. 7. Experts overall evaluation for the indicators by author.

The graph illustrates the importance level, indicating that the RII values for all indicators range from 0.8 to
0.98. This suggests that the indicators fall between medium high importance and high importance.

Fifth, Fig. 9:

The graph illustrates the significance of various groups of indicators associated with contributors to green
projects, highlighting which group has the greatest influence on these initiatives.

Finally, the results of the study highlight the effective integration of Agile methodologies, particularly Scrum,
and Green Building Information Modeling (GBIM) in managing green projects. The high ranking of indicators
related to time control, cost efficiency, and flexibility underscores the importance of these tools in addressing
the challenges of green projects, such as delays, cost overruns, and stakeholder coordination. The literature
emphasizes similar findings, showing that Agile enhances project flexibility and responsiveness, while GBIM
improves data management and decision-making. Despite these strengths, challenges such as knowledge gaps

—
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Fig. 9. The importance level for the risk factors by author.

among project participants, especially contractors and laborers, remain, which could be addressed through
targeted training and better use of GBIM to provide real-time project data.

For practice, the study suggests that improving stakeholder engagement, particularly among governmental
institutions, owners, and consultants, is critical to the success of green projects. The integration of Agile and
GBIM provides opportunities for continuous improvement, reducing project risks and improving sustainability
outcomes. For future research, more exploration is needed on the scalability of Agile methodologies in large-
scale green projects and the adoption of GBIM in developing countries. Additionally, fostering cross-disciplinary
collaboration among stakeholders could enhance the effectiveness of these integrated approaches in managing
green projects.

Analysis and discussion
According to the relative ranking, each indicator has ranking according to its own section, where the ranking is
done according to the value of the RII, and thus the ranking is made starting from the first section, which is the
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project manager, which contains 6 indicators, as the flexibility in change is specific to the Agile methodology and
is related to safety and quality control is ranked 1, and those related to the building’s life cycle are ranked 2, but
those related to green projects are ranked 5, and also the feasibility studies related to green projects are ranked
3, and the indicator related to the cost of green projects is ranked 4, and finally the indicator related to time
is ranked 6. As for the second section on the contractor, which contains 4 indicators, the indicator on project
delivery time was ranked 1, while the part on continuous monitoring was ranked 2, and the two indicators on
competencies and environmental quality were ranked 3 and 4. In the third section on labor, which contains only
two indicators, the indicator on site safety is ranked 1, while the indicator on labor productivity is ranked 2. And
the fourth section on designers, which contains 7 indicators, the three indicators on the time management system
and environmentally friendly materials related to thermal and acoustic comfort and the life cycle building are
ranked 1, the indicator for coordination is ranked 2, the part related to the time of submitting studies is ranked 3,
the indicator for innovative designs is ranked 4, and finally the part related to continuous improvement is ranked
5. The section on owners, which contains 6 indicators, where the indicator on cooperation between the owner
and work personnel is ranked 1, the indicator related to organizing financing is ranked 2, and also the indicator
related to preventing hesitation in choosing is ranked 3, while the indicator related to flexible programs is ranked
4, the indicator related to continuous change is ranked 5, and finally the part related to knowing the high value
of green projects is ranked 6.

Finally, the two sections are for consultants and government institutions. The section for consultants contains
only two indicators. The indicator for the pricing process is ranked 1, while the indicator for the supervision
process is ranked 2. The section for government institutions contains three indicators, where the two indicators
for feasibility studies and knowing the value of green projects are ranked 1, while the indicator for developing
laws and legislation is ranked 2.

The theoretical framework developed in this study offers significant practical benefits for project managers
overseeing green projects. By integrating Agile methodologies, specifically Scrum, with GBIM (Green Building
Information Modeling), project managers are equipped to better manage risks such as cost overruns, delays, and
stakeholder coordination, which are common in sustainable construction. The iterative nature of Scrum allows
for real-time adjustments and flexibility, which is essential in responding to the dynamic environmental and
technical challenges of green projects. Additionally, the framework’s emphasis on continuous monitoring and
feedback ensures that sustainability goals are maintained throughout the project lifecycle. For instance, the real-
time data provided by GBIM enables project managers to optimize resource usage, improve energy efficiency,
and reduce waste. This application not only enhances the project’s environmental performance but also improves
overall project efficiency. The ability to anticipate and resolve issues early through Agile’s structured sprints
aligns with the principles of sustainable project management, ensuring that green initiatives can be delivered on
time and within budget, while adhering to environmental standards. Consequently, this framework enhances
the project manager’s capability to deliver high-quality, sustainable outcomes, reinforcing the practical utility of
the research findings in real-world green projects.

Theoretical framework

Using an electronic questionnaire and statistical analysis of the data, a theoretical framework was established.
This framework offers insights and estimates that are applicable to green projects. By adhering to this framework,
it becomes possible to foresee and address many of the challenges that green projects might encounter, as
illustrated in Figs. 10 and 11.

Recommendations

This research proposes several recommendations: First, the theoretical framework can be transformed into a
practical one, incorporating indicators that assess all aspects of green projects. After evaluation, proposals and
solutions can be offered to address the challenges and risks faced by the project. Second, in relation to BIM
technology and the Agile methodology, the framework can be adjusted to keep up with the rapid advancements
in BIM and updates in Agile practices. Third, for future research building on our work, it is possible to integrate
BIM technology with artificial intelligence, which is advancing rapidly and having a significant impact on green
projects. Additionally, BIM technology could be linked with the Seven Sigma methodology to explore its effects
on green projects. Furthermore, future research should explore the application of Agile methodologies and
GBIM across different scales of green projects, such as large-scale infrastructure developments and small-scale
sustainable buildings. For large-scale projects, research could investigate how Agile frameworks, like Scrum, can
be scaled up to enhance coordination among diverse stakeholders and manage the complexity of environmental
standards. Conversely, small-scale projects may benefit from Agile’s flexibility in rapid iterations and its ability to
adapt to changing sustainability goals. Studies could also evaluate the long-term impacts of GBIM in maintaining
energy efficiency and reducing lifecycle costs in different project sizes, providing clearer insights into optimizing
these tools for varied project environments.

Conclusions

Given their environmental, economic, and social significance, green projects are crucial endeavors that warrant
global attention. Expanding their implementation worldwide is essential. To achieve this, it is critical to address
and mitigate the risks and challenges associated with green projects both before and during their implementation.
This study suggests utilizing the Agile methodology, which offers significant advantages in reducing errors and
promoting continuous improvement. The integration of Agile with BIM (Building Information Modeling)
technology is proposed to tackle these challenges. An electronic questionnaire and expert evaluations were
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Fig. 10. Theoretical framework, showing the development of indicators through the process of linking
between Agile, GBIM and green projects in the form of inputs, process and output’s part 1 by author.

conducted to refine the conceptual framework, which merges Agile methodology with BIM technology to
overcome obstacles in green project implementation.

The results show that most indicators were rated as either of high or medium importance, particularly
those involving key stakeholders like project managers, consultants, designers, and government institutions.
The indicator related to contractors was rated as medium importance, suggesting that the selected indicators
carry substantial weight and maintain a stable position within the theoretical framework, given their significant
influence on the ongoing improvement of green projects. Indicators associated with government institutions,
project managers, consultants, and other decision-makers are especially crucial, as they impact green projects
and help mitigate potential issues. After the analysis, these indicators were ranked, with the most important
indicators identified first, and their impact on the outcomes was assessed.

The study found that the Agile methodology is effective in resolving issues by facilitating coordination to
prevent conflicts between departments, ensuring continuous improvement, and maintaining ongoing monitoring
to anticipate previously encountered risks. Moreover, Agile promotes enhanced collaboration among all project
disciplines, including the owner, and ensures the careful selection and proper accreditation of employees. It is
also proficient at integrating expertise and developing ongoing training plans for project implementation. A
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Fig. 11. Theoretical framework, showing the development of indicators through the process of linking
between Agile, GBIM and green projects in the form of inputs, process and outputs part 2 by author.

key principle of Agile is its flexibility in adapting to changes and staying current with innovations. This includes
using BIM technology to classify problems by dimensions and ensure alignment with the technological approach
to project implementation. BIM technology was instrumental in developing viable solutions.

The research recommends transforming the theoretical framework into a practical one ready for application
in green projects by converting indicators into evaluation elements for these projects. Additionally, it suggests
further development of the framework to keep pace with advancements in BIM technology.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author upon
reasonable request.
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