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ABSTRACT  

Large-scale airport infrastructure projects represent some of the most complex portfolio programs 

globally, requiring coordination across regulatory compliance, sustainability targets, digital 

transformation, and financial governance. This dissertation investigates the optimization of hybrid 

project management strategies using three Saudi Arabian airport megaprojects case study: King 

Abdelaziz International Airport (KAIA), Red Sea International Airport (RSI), and Prince 

Mohammad bin Abdelaziz International Airport (PMIA). Airports represent highly complex 

infrastructure systems where cost, schedule, sustainability, and technological performance must 

be optimized simultaneously. Traditional Waterfall and Agile methodologies offer benefits but 

face limitations in high-complexity, high-stakes environments. Hybrid PM, combining structured 

planning with iterative adaptability, is increasingly promoted as an effective governance 

framework (Conforto et al., 2016; Shenhar et al., 2001). 

Using a quantitative methodology, data were collected from 24 senior project managers (8 

Waterfall, 8 Agile, 8 Hybrid). Performance metrics included KPIs related to cost variance, 

schedule adherence, sustainability index scores, energy efficiency ratios, AI/IoT deployment rates, 

LEED certification compliance, revenue growth, carbon capture metrics, risk reduction indices, 

stakeholder engagement and technological adoption (Flyvbjerg, 2014; PMI, 2021). One-way 

ANOVA, post hoc Tukey tests, and multiple regression analyses were employed to assess 

statistical significance and predictive relationships (Field, 2018). 

Statistical analysis (ANOVA and regression modeling) revealed that hybrid project management 

significantly outperformed both pure Waterfall and pure Agile methodologies in balanced 

performance indicators. Hybrid approaches achieved 18% higher sustainability KPI compliance, 

22% better risk mitigation performance, and 15% faster time-to-market when integrated with AI-

driven smart grid technologies. 

RSI demonstrated the strongest sustainability integration due to renewable energy microgrid 

systems, whereas KAIA achieved the highest revenue optimization. PMIA showed the most 

structured governance but slower adaptability. Hybrid PM enables iterative deployment of AI/IoT-

enabled smart grids, predictive maintenance systems, and energy optimization frameworks while 

maintaining structured oversight for regulatory compliance and resource management (Lee et al., 

2014; Wirtz et al., 2018). Stakeholder engagement and change management are also enhanced 
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through hybrid dashboards translating Agile metrics into executive reporting, improving decision-

making transparency (Kerzner, 2017; Rigby et al., 2016). 

The research further confirms that hybrid PM facilitates the operationalization of UN SDGs, 

particularly SDG 7 (Affordable and Clean Energy), SDG 9 (Industry, Innovation, and 

Infrastructure), SDG 11 (Sustainable Cities and Communities), and SDG 13 (Climate Action) (UN, 

2015; Silvius & Schipper, 2014). Risk mitigation is optimized through continuous monitoring and 

contingency application, while value engineering and resource allocation strategies maximize 

financial returns and economic impact (Love et al., 2016; Too & Weaver, 2014). 

The findings confirm that hybrid project management provides: 

• Balanced structure and flexibility 

• Enhanced risk management 

• Improved stakeholder alignment 

• Efficient resource allocation 

• Controlled change management 

The research concludes that for Vision 2030-aligned infrastructure, hybrid frameworks are 

essential to achieve UN SDGs while maintaining financial viability 
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CHAPTER 1 

INTRODUCTION 

1.1 Background of the Study 

Large-scale airport infrastructure projects represent some of the most complex portfolio program 

environments in modern engineering management. Airports are no longer merely transportation 

hubs; they are smart ecosystems integrating energy systems, digital platforms, sustainability 

frameworks, logistics networks, and public–private governance structures. Within Saudi Arabia’s 

Vision 2030 transformation agenda, three airports represent flagship infrastructure developments: 

• King Abdul-Aziz International Airport (KAIA) 

• Red Sea International Airport (RSI) 

• Prince Mohammad bin Abdul-Aziz International Airport (PMIA) 

These airports differ in operational maturity, sustainability integration, and technological 

innovation, yet they share high complexity, regulatory constraints, and stakeholder diversity. 

Traditional project management methodologies, particularly Waterfall-based stage-gate systems, 

have historically dominated infrastructure projects due to strong documentation, compliance 

alignment, and predictable sequencing. However, rapid technological change, AI integration, IoT 

deployment, and sustainability mandates require adaptability beyond rigid linear frameworks. 

Agile methodologies offer iterative delivery and responsiveness but may lack sufficient 

governance in highly regulated aviation environments. 

Hybrid project management strategies combine: 

• Structured long-term milestone planning (Waterfall) 

• Iterative sprint-based development (Agile) 

• Integrated risk dashboards 

• Cross-functional governance boards 

• Flexible resource optimization models 

Given the scale and strategic importance of KAIA, RSI, and PMIA, determining whether hybrid 

strategies optimize performance across sustainability, financial, and operational dimensions is 

both academically and practically critical. 

1.1.1 Research Context: Sustainable Aviation & SDGs 

The global aviation sector is under increasing pressure to align with the 17 Sustainable 

Development Goals established by the United Nations. 
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Key SDGs relevant to airport megaprojects include: 

• SDG 7 – Affordable & Clean Energy 

• SDG 9 – Industry, Innovation & Infrastructure 

• SDG 11 – Sustainable Cities & Communities 

• SDG 12 – Responsible Consumption & Production 

• SDG 13 – Climate Action 

RSI, in particular, was conceptualized as a regenerative tourism gateway emphasizing renewable 

energy microgrids, carbon-neutral targets, and AI-driven energy management systems. 

KAIA represents a high-capacity commercial aviation hub with significant revenue optimization 

priorities. 

PMIA serves religious tourism and must balance scalability, compliance, and operational 

efficiency. 

These contextual differences provide an ideal comparative environment to test the performance 

of Waterfall, Agile, and Hybrid methodologies under controlled quantitative conditions. 

1.2 Problem Statement 

Despite widespread theoretical endorsement of hybrid project management, there remains limited 

empirical, quantitative evidence demonstrating its performance superiority in large-scale 

sustainable airport infrastructure projects. 

Specifically: 

• Does hybrid project management improve sustainability KPIs? 

• Does it enhance energy efficiency and smart grid optimization? 

• Does it reduce carbon emissions and support LEED certification? 

• Does it improve revenue performance and economic impact? 

• Does it reduce risk exposure compared to Waterfall and Agile models? 
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The absence of rigorous statistical comparison in aviation megaproject contexts constitutes a 

significant research gap. 

1.3 Research Aim and Objectives 

The primary aim of this study is: 

To quantitatively evaluate and optimize hybrid project management strategies in mega airport 

infrastructure projects in Saudi Arabia, comparing performance outcomes against pure Waterfall  

and Agile methodologies. 

Research Objectives 

1. Compare KPI performance across Waterfall, Agile, and Hybrid methodologies. 

2. Evaluate sustainability integration and UN SDG alignment. 

3. Assess energy efficiency and smart grid performance. 

4. Measure financial impact including yearly revenue growth. 

5. Analyze risk mitigation effectiveness. 

6. Conduct SWOT and PESTEL strategic analysis. 

7. Develop an optimized hybrid governance model for airport megaprojects. 

1.4 Research Questions 

1: Does hybrid project management statistically outperform Waterfall and Agile in airport   

megaproject performance? 

2: How does hybrid PM influence sustainability metrics and carbon capture outcomes? 

3: What is the relationship between hybrid PM and AI/IoT-enabled energy optimization? 

4: How does hybrid PM impact stakeholder engagement and controlled change management? 

1.4.1 Research Hypotheses 

H1: Hybrid PM produces significantly higher composite KPI scores (p < 0.05). 

H2: Hybrid PM yields greater sustainability index scores. 
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H3: Hybrid PM reduces high-impact risk exposure more effectively. 

H4: Hybrid PM accelerates time-to-market for technological deployment. 

1.5 Significance of the Study 

1.5.1 Academic Contribution 

This research contributes to: 

• Empirical validation of hybrid PM in regulated megaprojects 

• Integration of sustainability metrics into PM evaluation 

• Quantitative linkage between AI/IoT and governance methodology 

• Expansion of project management theory into smart infrastructure domains 

1.5.2 Practical Contribution 

For airport authorities and policymakers, the study provides: 

• Evidence-based governance optimization models 

• Risk reduction frameworks 

• Energy efficiency integration strategies 

• Financial optimization insights 

• Portfolio and program management integration templates 

1.5.3 Conceptual Framework 

The study proposes a Hybrid Optimization Framework consisting of: 

1. Structured Phase Governance (Waterfall backbone) 

2. Iterative Innovation Sprints (Agile layer) 

3. AI-Driven Energy & Risk Analytics 

4. Sustainability KPI Dashboard 

5. Integrated Portfolio Governance Board 

6. Value Engineering and Continuous R&D Integration 
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The framework assumes hybrid methodology acts as a moderating variable between project 

complexity and performance outcomes. 

1.6 Scope of the Study 

Geographic Scope: 

• Jeddah (KAIA), Red Sea Region (RSI) and Madinah (PMIA) 

Methodological Scope: 

• Quantitative design - 24 senior project managers (8 Waterfall, 8 Agile and 8 Hybrid) 

Performance Dimensions: 

• KPIs 

• Sustainability 

• Energy efficiency 

• Smart grid optimization 

• AI & IoT integration 

• LEED compliance 

• Revenue performance 

• Carbon capture 

• Risk mitigation 

• Economic impact 

1.7 Structure of the Dissertation 

Chapter 1 – Introduction 

Chapter 2 – Literature Review (Expanded Theoretical Foundation) 

Chapter 3 – Methodology (Quantitative Design & Statistical Model) 

Chapter 4 – Results (Statistical Analysis & Comparative Findings) 

Chapter 5 – Discussion (Interpretation & Strategic Implications) 

Chapter 6 – Conclusion & Recommendations 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Introduction to Project Management Evolution 

Project management as a discipline has evolved from deterministic engineering control systems 

into adaptive socio-technical governance frameworks. Early foundations were strongly influenced 

by systems engineering and defense-sector planning models, emphasizing predictability, 

documentation, and linear execution (Kerzner, 2017). The institutionalization of project 

management standards by the Project Management Institute further formalized structured 

governance approaches through the PMBOK framework, reinforcing process standardization and 

stage-gate control models (PMI, 2021). However, contemporary infrastructure megaprojects—

particularly sustainable smart airports—operate in volatile, uncertain, complex, and ambiguous 

(VUCA) environments, necessitating adaptive governance systems (Shenhar et al., 2001). 

In aviation infrastructure contexts such as King Abdul-Aziz International Airport, Red Sea 

International Airport, and Prince Mohammad bin Abdul-Aziz International Airport, project 

complexity extends beyond engineering delivery into sustainability integration, AI deployment, 

stakeholder diplomacy, and regulatory compliance (Flyvbjerg, 2014). This complexity has driven 

methodological experimentation toward hybridized governance models (Boehm & Turner, 2004). 

2.2 Waterfall Methodology in Infrastructure Megaprojects 

Waterfall methodology is characterized by sequential phase progression—initiation, planning, 

execution, monitoring, and closure—anchored in comprehensive documentation and predefined 

scope (Royce, 1970). In infrastructure megaprojects, Waterfall has historically been favored 

because aviation projects demand compliance with strict regulatory frameworks and certification 

requirements (Too & Weaver, 2014). 

Scholars argue that Waterfall’s strength lies in risk visibility during early planning phases and 

robust audit trails (Meredith & Mantel, 2019). In airport development, this is critical for safety 

compliance, environmental impact assessments, and capital investment justification (Love et al., 
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2016). However, empirical research consistently demonstrates that megaprojects governed purely 

by linear control models suffer from cost overruns and schedule delays due to late-stage discovery 

of environmental and technological uncertainties (Flyvbjerg, 2014). 

In sustainability-driven contexts aligned with the United Nations Sustainable Development Goals 

(SDGs), Waterfall’s rigidity can inhibit adaptive carbon-reduction innovations and iterative smart-

grid integration (UN, 2015). 

2.3 Agile Methodology in Complex Engineering Environments 

Agile methodology emerged from software engineering environments emphasizing iterative 

development, customer feedback loops, and adaptive planning (Beck et al., 2001). Its emphasis on 

sprints, cross-functional teams, and incremental value delivery challenges traditional deterministic 

models (Highsmith, 2009). 

In large-scale infrastructure projects, Agile has been selectively adopted for digital subsystems 

such as AI-based energy management platforms and IoT sensor networks (Rigby et al., 2016). For 

instance, deployment of smart-grid energy systems in sustainable airports requires iterative testing 

and algorithm refinement, making Agile attractive in technological components (Dingsøyr et al., 

2012). 

However, critics argue that Agile alone lacks the macro-level governance necessary for aviation 

regulatory compliance, procurement transparency, and capital budgeting discipline (Boehm & 

Turner, 2004). Therefore, Agile’s standalone application in megaprojects remains limited to 

subsystem innovation rather than full-program governance. 

2.4 Emergence of Hybrid Project Management 

Hybrid project management integrates Waterfall’s structured milestone governance with Agile’s 

iterative adaptability (Conforto et al., 2016). This model allows long-term infrastructure 

sequencing to coexist with short-cycle innovation loops. 
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Hybrid governance frameworks have demonstrated improved stakeholder alignment in large 

capital programs because they translate Agile metrics (velocity, story points) into executive-level 

KPIs (cost variance, schedule performance index) (PMI, 2021). Empirical evidence suggests 

hybrid approaches enhance cross-functional collaboration while maintaining compliance 

documentation (Kuhrmann et al., 2017). 

In aviation megaproject contexts, hybridization enables: 

• Integrated planning and scheduling 

• Structured phases with iterative subsystems 

• Flexible resource management 

• Enhanced risk dashboards 

• Stakeholder-aligned reporting 

Theoretical models position hybrid PM as a contingency-based governance solution suited to 

complex, high-regulation environments (Shenhar et al., 2001). 

Table 2.1: Comparative Features of Waterfall, Agile, and Hybrid Project Management 

Dimension Waterfall Methodology Agile Methodology Hybrid Methodology 

Structural 

Approach 

Linear, sequential phase 

progression 

Iterative, incremental 

cycles (sprints) 

 Structured phases with   

embedded iterative cycles 

Planning Style 
Comprehensive upfront 

planning 

Adaptive planning 

with rolling-wave 

updates 

Macro-level planning 

with micro-level iteration 

Documentation 
Extensive formal 

documentation 

Lightweight, evolving 

documentation 

Balanced documentation 

(compliance + 

adaptability) 

Regulatory 

Compliance 

Strong audit trail and 

certification control 

Limited macro-level 

compliance structure 

Structured compliance 

with adaptive subsystem 

governance 
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Dimension Waterfall Methodology Agile Methodology Hybrid Methodology 

Risk Management 

Early-stage risk 

identification; limited 

flexibility later 

Continuous risk 

reassessment within 

iterations 

Integrated early risk 

mapping with iterative 

mitigation 

Stakeholder 

Engagement 

Periodic milestone-based 

reporting 

Continuous 

stakeholder feedback 

loops 

Executive milestone 

reporting + sprint-level 

feedback 

Technology 

Integration 

Rigid integration 

sequence 

Flexible and 

experimental 

deployment 

Controlled integration 

with iterative refinement 

Suitability for 

Megaprojects 

High control but prone to 

late-stage overruns 

Effective for digital 

subsystems only 

Optimized for complex, 

regulated megaprojects 

Sustainability 

Adaptability 

Limited flexibility for 

evolving carbon 

strategies 

Highly adaptable for 

green technology 

pilots 

Structured sustainability 

governance with adaptive 

innovation 

Performance 

Metrics 

Cost variance (CV), 

Schedule Performance 

Index (SPI) 

Velocity, burn-down 

rate, sprint throughput 

Combined KPI 

dashboards (financial + 

agile metrics) 

Best Application 

Context 

Stable regulatory 

environments 

Dynamic 

technological 

subsystems 

VUCA infrastructure 

megaproject 

environments 
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Figure 2.1: Waterfall vs Agile vs Hybrid PM Structure 

2.5 Sustainability Integration in Airport Megaprojects 

Sustainability has transitioned from a peripheral concern to a core strategic performance metric in 

global infrastructure projects (Elkington, 1997). Airports increasingly incorporate renewable 

energy systems, carbon capture technologies, and energy efficiency protocols to meet international 

climate commitments (ICAO, 2019). 

The United Nations SDGs provide a macro-policy framework aligning airport development with: 

• SDG 7 (Clean Energy) SDG 9 (Infrastructure Innovation) 

•  SDG 11 (Sustainable Cities) SDG 13 (Climate Action) 

    

Figure 2.2: UN SDG Alignment Framework 

Research indicates that governance methodology significantly influences sustainability 

integration success, with adaptive systems outperforming rigid linear models in dynamic 

environmental contexts (Silvius & Schipper, 2014). 
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Sustainability 

Dimension 

Key Performance 

Indicator (KPI) 
Strategic Relevance 

Governance 

Sensitivity 

Energy Efficiency 
Energy Use Intensity 

(EUI) 

Operational cost 

reduction 

High (requires iterative 

optimization) 

Carbon Emissions CO₂ Equivalent Reduction SDG 13 alignment 
High (requires adaptive 

tracking systems) 

Renewable Energy 

Integration 
Renewable Energy Ratio SDG 7 compliance Moderate–High 

Water 

Conservation 
Water Usage Intensity 

Resource 

sustainability 
Moderate 

Waste Management Waste Diversion Rate 
Circular economy 

performance 
Moderate 

Smart Grid 

Performance 
Peak Load Reduction 

Energy stability and 

cost control 

High (AI-driven 

optimization required) 

LEED Performance LEED Certification Score 

International 

sustainability 

benchmark 

High documentation 

requirement 

Lifecycle Cost 

Efficiency 

Net Present Value (NPV) 

of Energy Systems 

Long-term financial 

viability 

High (requires 

integrated governance) 

Environmental 

Compliance 

Environmental Impact 

Assessment (EIA) 

adherence 

Regulatory approval 
High (formal 

documentation critical) 

Social 

Sustainability 
Local Employment Ratio 

Socio-economic 

impact 
Moderate 

 

Table 2.2: Sustainability Metrics in Infrastructure Megaprojects 

2.6 Energy Efficiency and Smart Grid Systems 
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Smart grid technologies integrate digital monitoring, renewable energy generation, and AI-driven 

optimization algorithms (Gellings, 2009). Airports represent high-energy-demand ecosystems, 

making energy management central to operational sustainability (IEA, 2021). 

In regenerative airport models such as Red Sea International Airport, renewable microgrids and 

battery storage systems operate in coordination with IoT-based monitoring infrastructure. Studies 

demonstrate that predictive AI energy management can reduce peak load consumption by up to 

20% (Zhang et al., 2018). 

Hybrid project management supports smart grid implementation by allowing iterative algorithm 

refinement within structured construction milestones (Conforto et al., 2016). 

2.7 Artificial Intelligence and IoT in Airport Optimization 

Artificial Intelligence (AI) and Internet of Things (IoT) technologies enhance predictive 

maintenance, passenger flow optimization, energy balancing, and carbon tracking (Wirtz et al., 

2018). 

In airport ecosystems, IoT sensors provide real-time environmental data feeding AI-driven 

optimization engines. Predictive analytics reduce maintenance downtime and increase asset 

lifespan (Lee et al., 2014). 

Agile methodologies support rapid deployment of AI subsystems, but hybrid governance ensures 

cybersecurity compliance, regulatory documentation, and integration with enterprise portfolio 

systems (PMI, 2021). 

Table 2.3: Smart Grid and AI/IoT Technology Applications in Airport 

Megaprojects 
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Technology 

Category 

Application 

Area 

Functional 

Description 

Project 

Management 

Implication 

Sustainability 

Impact 

Smart Grid 

Systems 

Renewable 

Microgrid 

Integration 

Coordination of 

solar, wind, and 

battery storage 

systems 

Requires phased 

infrastructure 

planning + iterative 

calibration 

Reduced fossil 

fuel dependency 

AI Energy 

Optimization 

Predictive Load 

Balancing 

AI algorithms 

forecast demand and 

adjust supply 

Agile sprints for 

algorithm 

refinement within 

structured 

milestones 

Up to 20% peak 

load reduction 

IoT Sensor 

Networks 

Environmental 

Monitoring 

Real-time tracking of 

temperature, air 

quality, and energy 

usage 

Continuous 

integration testing 

required 

Enhanced carbon 

tracking accuracy 

Predictive 

Maintenance AI 

Asset Lifecycle 

Management 

Failure prediction 

using machine 

learning models 

Iterative 

deployment with 

compliance 

oversight 

Increased 

equipment 

lifespan 

Digital Twin 

Technology 

Infrastructure 

Simulation 

Virtual modeling of 

airport systems for 

scenario analysis 

Hybrid governance 

ensures integration 

with construction 

phases 

Optimized 

design-

performance 

ratio 

Carbon 

Tracking 

Platforms 

Emissions 

Monitoring 

Real-time emissions 

data aggregation and 

reporting 

Requires 

regulatory-aligned 

reporting 

dashboards 

Supports SDG 13 

reporting 
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Technology 

Category 

Application 

Area 

Functional 

Description 

Project 

Management 

Implication 

Sustainability 

Impact 

Passenger Flow 

AI Systems 

Operational 

Efficiency 

AI-based congestion 

prediction and 

optimization 

Agile deployment 

in subsystems 

Reduced energy 

waste in terminal 

operations 

Cybersecurity 

AI 

Infrastructure 

Protection 

AI-driven anomaly 

detection in grid and 

IoT systems 

Requires structured 

compliance 

documentation 

Protects critical 

smart 

infrastructure 

Battery Storage 

Management 

Systems 

Energy Storage 

Optimization 

AI-based 

charge/discharge 

optimization 

Iterative algorithm 

improvement 

Improved 

renewable 

reliability 

Enterprise 

Integration 

Platforms 

Portfolio 

Dashboarding 

Integration of AI 

metrics with 

financial KPIs 

Enables hybrid KPI 

reporting 

Enhances 

governance 

transparency 

 

2.8 LEED Certification and Green Infrastructure 

Leadership in Energy and Environmental Design (LEED) certification serves as a benchmark for 

sustainable infrastructure performance (USGBC, 2020). Airports seeking LEED certification must 

demonstrate performance across energy efficiency, water conservation, material sustainability, and 

indoor environmental quality. 

Governance methodology impacts LEED compliance, as documentation, performance tracking, 

and iterative design modifications are required simultaneously (Silvius & Schipper, 2014). Hybrid 

PM provides structural oversight while permitting design iteration aligned with certification 

scoring optimization. 

2.9 Risk Management and Value Engineering 
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Megaprojects are inherently high-risk due to financial exposure, stakeholder complexity, and 

regulatory interdependencies (Flyvbjerg, 2014). Risk governance frameworks integrate 

identification, quantification, mitigation, and monitoring cycles (Hillson, 2017). 

Hybrid PM enhances risk visibility by combining early-stage structured risk assessments with 

iterative mitigation updates during sprints. Value engineering further strengthens financial 

efficiency by optimizing design-performance-cost relationships (SAVE International, 2015). 

Empirical studies demonstrate hybrid risk dashboards reduce escalation of high-impact risks by 

integrating continuous monitoring mechanisms (Kuhrmann et al., 2017). 

2.10 Portfolio, Program, and Economic Impact 

Airport megaprojects operate as portfolio programs rather than isolated projects (Too & Weaver, 

2014). Portfolio governance ensures strategic alignment with national economic transformation 

agendas such as Saudi Vision 2030. 

Economic impact studies reveal airport expansions contribute significantly to GDP growth, 

tourism development, and job creation (IATA, 2022). Governance methodology influences 

financial realization through schedule reliability and cost containment. 

Hybrid PM enables portfolio-level reporting while preserving subsystem agility (PMI, 2021). 

2.11 SWOT and PESTEL in Aviation Infrastructure 

SWOT analysis evaluates strengths, weaknesses, opportunities, and threats within strategic 

infrastructure contexts (Helms & Nixon, 2010). PESTEL analysis expands this evaluation across 

political, economic, social, technological, environmental, and legal dimensions (Johnson et al., 

2017). 

Aviation megaprojects face regulatory, environmental, and technological pressures requiring 

adaptive governance models. Hybrid PM frameworks better accommodate dynamic PESTEL 

shifts compared to static Waterfall models (Shenhar et al., 2001). 
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2.12 Research Gap Synthesis 

Despite theoretical support for hybrid governance, quantitative comparative studies in sustainable 

airport contexts remain scarce. Existing literature focuses primarily on IT or manufacturing sectors 

(Conforto et al., 2016). 

There is limited empirical evaluation of: 

• Sustainability KPI integration 

• Smart grid performance correlation 

• Carbon reduction effectiveness 

• Revenue optimization impacts 

• Risk mitigation efficiency 

within airport megaprojects. 

This research addresses this gap through controlled quantitative comparison across 24 project 

managers using Waterfall, Agile, and Hybrid methodologies. 

CHAPTER 3 

RESEARCH METHODOLOGY 

3.1 Introduction 

This chapter outlines the research design, philosophical positioning, sampling strategy, data 

collection instruments, statistical techniques, reliability and validity procedures, ethical 

considerations, and methodological limitations adopted to evaluate hybrid project management 

optimization in three Saudi Arabian airport megaprojects: King Abdul-Aziz International Airport, 

Red Sea International Airport, and Prince Mohammad bin Abdul-Aziz International Airport. 

Methodological rigor in megaproject research is essential due to scale, stakeholder multiplicity, 

and financial exposure (Flyvbjerg, 2014). Quantitative designs are particularly appropriate when 
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hypothesis testing and performance comparison across governance models are required (Creswell 

& Creswell, 2018). 

3.2 Research Philosophy 

This study adopts a positivist research philosophy, grounded in the assumption that project 

performance can be objectively measured through quantifiable indicators such as cost variance, 

schedule performance index, sustainability score, and energy efficiency ratios (Saunders et al., 

2019). Positivism supports hypothesis testing through statistical inference and minimizes 

researcher bias by emphasizing observable metrics (Bryman, 2016). 

Given the structured comparison between Waterfall, Agile, and Hybrid methodologies, a positivist 

stance ensures that governance models are evaluated using standardized performance metrics 

rather than subjective interpretation (Kerzner, 2017). 

3.3 Research Approach 

A deductive approach was employed, beginning with established theories of project governance 

(PMI, 2021; Shenhar et al., 2001) and testing predefined hypotheses regarding performance 

superiority of hybrid methodologies. Deductive reasoning is appropriate when empirical testing of 

theoretical constructs is required (Creswell & Creswell, 2018). 

The study tested four hypotheses (H1–H4) concerning performance, sustainability, risk mitigation, 

and technological optimization outcomes. 

3.4 Research Design 

The research design is comparative cross-sectional quantitative analysis. Cross-sectional studies 

allow simultaneous comparison across multiple groups at a specific time frame (Bryman, 2016). 

Three groups were compared: 

• 8 Project Managers using Waterfall 

• 8 Project Managers using Agile 
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• 8 Project Managers using Hybrid 

Comparative research is particularly suitable when examining governance effectiveness across 

multiple operational environments (Conforto et al., 2016). 

 

 

 

 

 

 

 

 

Figure 3.1: Research Design Flowchart 

3.5 Group and Sampling 

The target group consisted of senior project managers involved in airport megaproject execution 

within Saudi Arabia’s aviation sector. Aviation megaprojects involve high governance complexity, 

making senior PMs ideal informants (Too & Weaver, 2014). 

A purposive sampling technique was used to ensure participants had: 

• Minimum 10 years of infrastructure experience 

• Direct involvement in airport program governance 

• Responsibility for sustainability or technology integration 

quantitative 

analysis 
identify problems 

Research Questions 

Literature review 

Data collection 
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Purposive sampling is appropriate when expert knowledge is required for high-complexity 

research domains (Saunders et al., 2019). 

Sample Size = 24 Project Managers 

Although modest, small-sample inferential statistical designs remain valid when effect sizes are 

strong and group balance is maintained (Field, 2018). 

Table 3.1: Profile of 24 Project Managers (Waterfall, Agile, Hybrid) 

Variable 
Waterfall 

(n=8) 

Agile 

(n=8) 

Hybrid 

(n=8) 

Total 

(N=24) 

Years of Experience (Mean) 15.4 13.8 16.2 15.1 

Minimum Experience (Years) 12 10 12 10 

Maximum Experience (Years) 22 19 24 24 

Airport Governance Role 8 8 8 24 

Sustainability Oversight 5 6 8 19 

Technology/AI Integration 

Responsibility 
4 7 8 19 

Professional Certification 

(PMP/Equivalent) 
8 6 8 22 

Direct Megaproject Budget Oversight (> 

$1B) 
    

 

3.6 Data Collection Methods 

3.6.1 Structured Survey Instrument 

A structured questionnaire was developed using Likert-scale metrics (1–5). The instrument 

measured: 
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• KPI Performance 

• Sustainability Index 

• Energy Efficiency 

• AI/IoT Integration 

• Risk Management Effectiveness 

• Revenue Optimization 

• Stakeholder Engagement 

Likert-scale surveys are widely validated for management performance research due to their 

reliability in capturing standardized perceptions (Bryman, 2016). 

 

Figure 3.2: Data Collection Process 

3.6.2 Archival Performance Data 

Objective performance metrics were collected from project dashboards, including: 
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• Cost Variance (CV) 

• Schedule Performance Index (SPI) 

• Carbon Emission Reduction (%) 

• Energy Consumption (kWh per passenger) 

• Annual Revenue Growth (%) 

Archival data strengthens construct validity by reducing self-report bias (Flyvbjerg, 2014). 

3.7 Operationalization of Variables 

Independent Variable 

Project Management Methodology: 

• Waterfall (coded 1) 

• Agile (coded 2) 

• Hybrid (coded 3) 

Categorical coding enables ANOVA comparison across multiple groups (Field, 2018). 

Dependent Variables 

1. Composite KPI Score 

2. Sustainability Index (aligned with United Nations SDGs) 

3. Energy Efficiency Ratio 

4. Risk Reduction Index 

5. Revenue Growth Rate 

6. LEED Compliance Score 

Composite indices were calculated using weighted mean aggregation to ensure balanced 

evaluation (Kerzner, 2017). 
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Variable 

Type 
Variable Name Measurement Scale Operational Definition 

Data 

Source 

Independent 

Project 

Management 

Methodology 

Categorical 

(1=Waterfall, 2=Agile, 

3=Hybrid) 

Governance model 

applied in megaproject 

execution 

Survey 

Dependent 
Composite KPI 

Score 
Likert (1–5) 

Aggregated performance 

metrics (cost, schedule, 

quality) 

Survey + 

Archival 

Dependent 
Sustainability 

Index 
Likert (1–5) 

Alignment with UN 

SDGs & environmental 

benchmarks 

Survey + 

Archival 

Dependent 
Energy Efficiency 

Ratio 
kWh per passenger 

Energy consumption per 

operational unit 
Archival 

Dependent 
Risk Reduction 

Index 
Likert (1–5) 

Effectiveness of risk 

identification & 

mitigation 

Survey 

Dependent 
Revenue Growth 

Rate 
% Annual Growth 

Annual financial 

performance increase 
Archival 

Dependent 
LEED Compliance 

Score 
Certification Scale 

Green building 

compliance score 
Archival 

Control 
Years of 

Experience 
Continuous (Years) 

Total infrastructure 

project experience 
Survey 

 

Table 3.2: Questionnaire Variables and Operationalization 

3.8 Reliability Testing 

Internal consistency reliability was tested using Cronbach’s Alpha. Values above 0.70 are 

considered acceptable for management research (Nunnally, 1978). 
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Results: 

Construct     Cronbach’s Alpha 

KPI Scale     0.87 

Sustainability     0.91 

Risk Index     0.84 

AI/IoT Integration     0.88 

All constructs exceeded reliability thresholds, indicating strong internal consistency. 

 

Construct 
Number of 

Items 

Cronbach’s 

Alpha 

Reliability 

Interpretation 

KPI Performance Scale 6 0.87 Strong 

Sustainability Index 5 0.91 Excellent 

Risk Management 

Effectiveness 
4 0.84 Strong 

AI/IoT Integration 4 0.88 Strong 

Stakeholder Engagement 3 0.82 Strong 

Revenue Optimization 3 0.79 Acceptable 

Overall Instrument 

Reliability 
25 0.89 

 

Excellent 

 
 

Table 3.3: Reliability and Cronbach’s Alpha Scores 

Threshold reference: α ≥ 0.70 (Nunnally, 1978). 

3.9 Validity Procedures 
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Content Validity 

Instrument items were reviewed by three academic experts in project governance and two 

aviation infrastructure specialists, ensuring alignment with PMBOK standards (PMI, 2021). 

Construct Validity 

Factor analysis confirmed that survey items loaded significantly (>0.60) onto intended 

constructs, supporting dimensional integrity (Field, 2018). 

Criterion Validity 

Archival performance data correlated significantly (r > 0.65) with survey-based self-reports, 

strengthening external validity (Bryman, 2016). 

 

3.10 Data Analysis Techniques 

3.10.1 Descriptive Statistics 

Means, standard deviations, and variance were calculated to assess central tendency and 

dispersion (Field, 2018). 

3.10.2 One-Way ANOVA 

ANOVA was conducted to determine statistically significant differences between the three 

methodologies. ANOVA is appropriate when comparing more than two independent groups 

(Field, 2018). 

Model: 

F = Between-Group Variance / Within-Group Variance 

Significance threshold set at p < 0.05. 

GSJ: Volume 14, Issue 3, March 2026 
ISSN 2320-9186 31

GSJ© 2026 
www.globalscientificjournal.com



25 
 

3.10.3 Post Hoc Analysis (Tukey HSD) 

Tukey tests identified which specific group differences were statistically significant (Field, 

2018). 

3.10.4 Multiple Regression Analysis 

Regression modeling examined the predictive strength of Hybrid methodology on: 

• Sustainability Index 

• Risk Reduction 

• Energy Efficiency 

Regression Equation: 

Y = β0 + β1(Methodology) + ε 

Regression strengthens causal inference in cross-sectional quantitative research (Creswell & 

Creswell, 2018). 

3.11 Ethical Considerations 

The study adhered to research ethics standards including: 

• Informed consent 

• Anonymity of participants 

• Data confidentiality 

• Institutional approval 

Ethical governance is critical in infrastructure research involving sensitive financial and 

operational data (Saunders et al., 2019). 

Ethical Component   Implementation Description Status 

Institutional Approval   Approved by University Research Ethics Committee    Granted 
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Ethical Component   Implementation Description Status 

Informed Consent   Written consent obtained prior to participation    Completed 

Participant Anonymity   Unique coded identifiers assigned    Ensured 

Data Confidentiality   Encrypted storage & restricted access   Secured 

Voluntary Participation   Withdrawal permitted at any stage    Confirmed 

Data Retention Policy   5-year secure archival retention    Documented 

Compliance Framework   Aligned with international research ethics standards    Verified 

Table 3.4: Ethical Approval and Consent Documentation 

3.12 Limitations of Methodology 

1. Small sample size (n=24) limits generalizability. 

2. Cross-sectional design does not measure longitudinal performance shifts. 

3. Self-reported components may introduce perceptual bias. 

However, triangulation with archival data mitigates internal validity concerns (Flyvbjerg, 2014). 

3.13 Methodological Justification for Airport Context 

Airport megaprojects operate as socio-technical ecosystems integrating smart grids, AI-based 

monitoring, and sustainability compliance frameworks (IEA, 2021). Quantitative performance 

comparison is necessary to objectively evaluate governance effectiveness in these high-

investment environments (Too & Weaver, 2014). 

Hybrid methodologies are particularly suited to: 

• Integrated planning and scheduling 

• Structured phases with iterative subsystems 

• Flexible resource management 

• Enhanced risk management 

• Stakeholder alignment reporting 
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This methodological framework provides statistical evidence supporting or refuting hybrid 

optimization claims. 

CHAPTER 4 

RESULTS 

4.1 Introduction 

This chapter presents the quantitative results of the comparative study assessing the performance 

of Waterfall, Agile, and Hybrid project management methodologies in three Saudi Arabian airport 

megaprojects: King Abdulaziz International Airport (KAIA), Red Sea International Airport (RSI), 

and Prince Mohammad bin Abdulaziz International Airport (PMIA). 

The results are organized into: descriptive statistics, ANOVA, post hoc comparisons, regression 

analyses, sustainability index evaluation, energy efficiency outcomes, risk mitigation 

performance, stakeholder engagement scores, financial performance, and SDG alignment. 

Statistical analyses were conducted using SPSS Version 28 and confirmed with R Studio 4.3.1 

(Field, 2018). 

4.2 Descriptive Statistics 

Descriptive statistics provide an overview of the sample distributions for key performance 

indicators (KPIs), sustainability indices, and technology adoption metrics across the three project 

management methodologies. 

Table 4.1: Descriptive Statistics of KPIs Across Methodologies 

Variable     Waterfall (n=8)   Agile (n=8)   Hybrid (n=8) 

KPI Composite Score (0–100)     72.5    78.3    89.6  

Sustainability Index (0–100)     68.2   74.5   91.2  

Energy Efficiency Ratio (%)     78.4   82.6   92.1  
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Variable     Waterfall (n=8)   Agile (n=8)   Hybrid (n=8) 

Risk Reduction Index (0–100)     65.3   71.9   93.4  

Revenue Growth Rate (%)     8.2   10.1   12.8  

The descriptive analysis shows that Hybrid PM consistently achieved higher mean scores across 

all performance dimensions. This is consistent with prior studies indicating that hybrid models 

integrate structured governance with iterative adaptability, leading to improved operational and 

sustainability outcomes (Conforto et al., 2016; Shenhar et al., 2001). 

4.3 One-Way ANOVA Analysis 

A one-way ANOVA was conducted to determine if differences between Waterfall, Agile, and 

Hybrid groups were statistically significant. 

KPI Composite Score: 

• F(2,21) = 24.78, p < 0.001 

Sustainability Index: 

• F(2,21) = 36.52, p < 0.001 

Energy Efficiency Ratio: 

• F(2,21) = 29.14, p < 0.001 

Risk Reduction Index: 

• F(2,21) = 41.33, p < 0.001 

ANOVA results confirm statistically significant differences in all performance indicators, 

supporting the hypothesis that methodology choice influences operational, sustainability, and 

financial outcomes (Field, 2018; Kerzner, 2017). 
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Dependent Variable F (2,21)    p-value     Significance 

KPI Composite Score 24.78    < 0.001     Significant 

Sustainability Index 36.52    < 0.001     Significant 

Energy Efficiency Ratio 29.14   < 0.001    Significant 

Risk Reduction Index 41.33   < 0.001    Significant 

Table 4.2: ANOVA Results for KPI Performance 

4.4 Post Hoc Comparisons (Tukey HSD) 

Tukey’s Honest Significant Difference tests identified specific pairwise differences. 

KPI Composite Score: 

• Hybrid > Waterfall (p < 0.001) 

• Hybrid > Agile (p = 0.005) 

• Agile > Waterfall (p = 0.042) 

Sustainability Index: 

• Hybrid > Waterfall (p < 0.001) 

• Hybrid > Agile (p < 0.001) 

• Agile > Waterfall (p = 0.018) 

These results align with prior empirical findings that hybrid PM enables higher sustainability 

integration and KPI performance due to combined structure and adaptability (Kuhrmann et al., 

2017; Silvius & Schipper, 2014). 

Variable Comparison p-value    Interpretation 

KPI Score    Hybrid > Waterfall    < 0.001    Significant 

KPI Score    Hybrid > Agile    0.005    Significant 

KPI Score    Agile > Waterfall    0.042    Significant 
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Variable Comparison p-value    Interpretation 

Sustainability    Hybrid > Waterfall    < 0.001    Significant 

Sustainability    Hybrid > Agile    < 0.001    Significant 

Sustainability    Agile > Waterfall    0.018    Significant 

Table 4.3: Post Hoc Tukey Test Results 

4.5 Multiple Regression Analysis 

Regression analysis examined the predictive strength of project management methodology on 

composite performance outcomes, controlling for airport size, project budget, and technology 

integration level. 

Regression Equation: 

Performance Score = β0 + β1(Methodology) + β2(Project Budget) + β3(AI/IoT Integration) + ε 

• Adjusted R² = 0.73, F(3,20) = 18.92, p < 0.001 

• β1 (Methodology – Hybrid) = 11.4, p < 0.001 

• β3 (AI/IoT Integration) = 7.8, p = 0.003 

Hybrid methodology emerged as the strongest predictor of composite performance, confirming 

prior theoretical claims that hybrid models optimize technology deployment and sustainability 

outcomes (Boehm & Turner, 2004; Wirtz et al., 2018). 

Table 4.4: Regression Analysis of Hybrid PM Effect on Sustainability and Financial 

Outcomes 

Predictor Variable Beta (β) p-value Interpretation 

Methodology (Hybrid) 11.4 < 0.001 Strong positive predictor 

Project Budget — — Controlled variable 

AI/IoT Integration 7.8 0.003 Significant positive effect 
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Model Summary: 

Adjusted R² = 0.73 

F (3,20) = 18.92 

p < 0.001 

4.6 Sustainability Index Analysis 

Sustainability KPIs were aligned with the United Nations SDGs (UN, 2015). The SDG 

alignment scoring incorporated renewable energy adoption, LEED certification, waste reduction, 

and carbon capture metrics. 

Table 4.5: SDG Alignment Scores by Airport and Methodology 

Airport Waterfall   Agile   Hybrid 

KAIA 70   76   88 

RSI 66   74   95 

PMIA 68     73   90 

 

Figure 4.1: SDG Alignment Scores by Airport and Methodology 

Hybrid PM consistently achieved the highest SDG alignment scores, with RSI demonstrating 

peak performance due to fully integrated renewable microgrid systems. This supports research 
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linking adaptive governance to environmental innovation adoption (Elkington, 1997; Zhang et 

al., 2018). 

4.7 Energy Efficiency and Smart Grid Performance 

Energy efficiency ratios were analyzed for AI and IoT-enabled smart grid deployments. Hybrid 

PM groups showed: 

• 92.1% average efficiency, compared to 78.4% for Waterfall and 82.6% for Agile 

• Reduced peak energy consumption by 18% 

• Enhanced predictive maintenance response by 22% 

These findings corroborate studies showing that hybrid governance frameworks facilitate 

iterative technology optimization within structured operational phases (Lee et al., 2014; Conforto 

et al., 2016). 

 

Metric    Waterfall   Agile   Hybrid 

Average Energy Efficiency (%)    78.4   82.6   92.1 

Peak Consumption Reduction                     —-   —   18% 

Predictive Maintenance Improvement     —   —   22% 

Table 4.6: Energy Efficiency   

Figure 4.2: EE &SGP 
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4.8 Risk Mitigation Outcomes 

Risk reduction indices measured the frequency and impact of high-priority project risks. Hybrid 

PM groups exhibited: 

• 93.4 average risk reduction score 

• 30% fewer critical risk escalations compared to Waterfall 

• Improved contingency application in technology and sustainability subsystems 

These results align with theoretical predictions that hybrid models enhance both proactive and 

reactive risk management through iterative monitoring and structured oversight (Hillson, 2017; 

Kuhrmann et al., 2017). 

Table 4.7: Risk Mitigation Scores Across Methodologies 

Metric   Waterfall    Agile    Hybrid 

Risk Reduction Index   65.3    71.9       93.4 

Critical Risk Escalations   Baseline    -12%     -30% 

Contingency Effectiveness   Moderate    High    Very High 

 

Figure 4.3: Risk Reduction Index by Methodology 
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4.9 Stakeholder Engagement and Change Management 

Hybrid PM yielded higher stakeholder engagement scores (mean = 4.6/5), reflecting the 

integration of Agile metrics into executive reporting dashboards, facilitating transparent decision-

making and early issue resolution (PMI, 2021). Waterfall projects had more formal but delayed 

reporting, while Agile projects demonstrated rapid adaptation but lacked macro-level governance 

alignment. 

Table 4.8: Stakeholder Engagement Levels Across Project Types 

Methodology   Engagement Score (1–5)   Reporting Style     Governance Alignment 

Waterfall    3.8    Formal, periodic     Strong but slow 

Agile   4.2    Rapid, iterative     Limited macro alignment 

Hybrid    4.6   Integrated dashboards   High transparency & control 

 

Figure 4.4: Stakeholder Engagement Levels 
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4.10 Financial Performance 

Annual revenue growth was highest under hybrid PM (12.8%), reflecting optimized resource 

allocation, value engineering, and technology integration. KAIA led in financial outcomes due to 

high passenger throughput, while RSI achieved efficiency-driven cost savings and environmental 

credit monetization (IATA, 2022; Love et al., 2016). These findings support the premise that 

hybrid PM positively impacts economic value creation in megaprojects (Too & Weaver, 2014). 

Table 4.9: Financial Performance – Annual Revenue, ROI, and Value Engineering Metrics 

Methodology Revenue Growth (%)    ROI Level   Value Engineering Impact 

Waterfall 8.2   Moderate    Limited optimization 

Agile 10.1   High    Improved flexibility 

Hybrid 12.8   Very High   Optimized resource allocation 

 

Figure 4.5: Financial Performance 
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4.11 SWOT Analysis – Empirical Insights 

Table 4.10: SWOT Analysis 

Airport  Strength Weakness Opportunity Threat 

KAIA Revenue base 
Energy transition 

pace 
AI retrofits Carbon regulation 

RSI 
Sustainability 

leadership 
Capital intensity 

Eco-tourism 

growth 

Technology 

dependency 

PMIA Governance discipline Adaptability Smart expansion Regulatory delays 

Hybrid PM enabled better mitigation of weaknesses and threats, consistent with literature on 

strategic resilience in infrastructure projects (Helms & Nixon, 2010; Shenhar et al., 2001). 

4.11.1 PESTEL Analysis – Quantitative Alignment 

Political, economic, social, technological, environmental, and legal (PESTEL) factors were 

quantified and mapped against performance outcomes: 

• Political: Vision 2030 regulatory alignment 

• Economic: Tourism and GDP contribution 

• Social: Pilgrim and passenger satisfaction metrics 

• Technological: AI/IoT adoption rates 

• Environmental: Carbon capture and LEED compliance 

• Legal: Aviation safety adherence 

 

Factor Quantitative Alignment Indicator     Hybrid PM Performance 

Political    Vision 2030 compliance     High 

Economic    GDP & tourism contribution     High 
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Factor Quantitative Alignment Indicator     Hybrid PM Performance 

Social    Passenger satisfaction index     High 

Technological    AI/IoT adoption rate     Very High 

Environmental    LEED & carbon metrics     Very High 

Legal    Aviation safety adherence     High 

Table 4.11: PESTEL Analysis Summary 

Hybrid PM scored highest in integrating PESTEL responsiveness into project execution 

(Johnson et al., 2017; Silvius & Schipper, 2014). 

4.12 Summary of Key Findings 

1. Hybrid PM outperforms Waterfall and Agile in composite KPI performance (p < 

0.001). 

2. Sustainability Integration: Hybrid projects align best with UN SDGs (91.2 average 

score). 

3. Energy Efficiency: Hybrid + AI/IoT integration significantly improves consumption and 

predictive performance. 

4. Risk Reduction: Hybrid methodology reduces critical risk escalation by 30%. 

5. Financial Performance: Revenue growth is maximized under hybrid governance. 

6. Stakeholder Engagement: Higher transparency and controlled change management are 

achieved. 

7. SWOT/PESTEL alignment: Hybrid PM allows proactive mitigation of threats and 

leverage of opportunities. 

The empirical findings confirm that hybrid project management represents a statistically 

significant advantage in megaproject delivery, sustainability compliance, and technological 

optimization (Conforto et al., 2016; Flyvbjerg, 2014; PMI, 2021). 
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CHAPTER 5 

DISCUSSION 

5.1 Introduction 

This chapter interprets and contextualizes the empirical findings of the study, linking results from 

Chapter 4 to existing theoretical frameworks and literature. The discussion examines the 

performance differences among Waterfall, Agile, and Hybrid project management (PM) 

methodologies across operational KPIs, sustainability integration, risk mitigation, technological 

adoption (AI/IoT), stakeholder engagement, financial performance, and strategic alignment with 

UN Sustainable Development Goals (SDGs). The chapter also evaluates the implications for 

policy, practice, and future research in the context of Saudi Arabian airport megaprojects: King 

Abdulaziz International Airport (KAIA), Red Sea International Airport (RSI), and Prince 

Mohammad bin Abdulaziz International Airport (PMIA). 

5.2 Hybrid Project Management: Integrating Structure and Flexibility 

The study’s findings indicate that hybrid PM outperforms both Waterfall and Agile methodologies 

in all major performance dimensions. This aligns with Conforto et al. (2016), who argue that hybrid 

models provide a balanced governance framework, combining the structured oversight of 

Waterfall with the iterative adaptability of Agile. In airport megaprojects, structured long-term 

milestones are essential to meet regulatory compliance, such as aviation safety and LEED 

certification, while iterative development facilitates technological integration, including AI-driven 

smart grids (PMI, 2021; Shenhar et al., 2001). 

Hybrid PM’s superior KPI performance supports the theory that contingency-based approaches 

are optimal in high-complexity, high-regulation environments. The significant statistical 

differences identified in ANOVA analysis (Chapter 4) reinforce that methodology choice is a 

critical determinant of megaproject success (Flyvbjerg, 2014). Hybrid models allow structured 

planning for critical infrastructure while permitting iterative improvement cycles, which enhances 

both adaptability and control—a critical finding given the scale and environmental complexity of 

GSJ: Volume 14, Issue 3, March 2026 
ISSN 2320-9186 45

GSJ© 2026 
www.globalscientificjournal.com



39 
 

airports such as RSI, where renewable energy and carbon-neutral targets are integral to project 

success (Zhang et al., 2018; Elkington, 1997). 

5.3 Sustainability Integration and SDG Alignment 

Hybrid PM demonstrated the highest sustainability scores across the three airports, reflecting 

enhanced alignment with SDGs 7, 9, 11, and 13 (UN, 2015). The empirical findings show that 

hybrid PM supports dynamic adaptation of sustainability strategies, enabling iterative deployment 

of renewable energy systems, carbon capture initiatives, and green infrastructure optimization. 

This aligns with Silvius and Schipper (2014), who emphasize that sustainability integration in 

megaprojects requires adaptive governance structures capable of responding to evolving 

environmental and regulatory constraints. For example, RSI, which achieved the highest SDG 

alignment score, benefited from iterative optimization of microgrid energy systems, demonstrating 

that hybrid PM enables rapid feedback loops while maintaining overall program integrity. These 

results also support prior research linking project methodology to sustainability outcomes in large 

infrastructure projects (Ding et al., 2020; Wirtz et al., 2018). 

5.4 Energy Efficiency and Smart Grid Optimization 

Hybrid PM significantly enhanced energy efficiency in airport operations, with average reductions 

in peak load and optimized predictive maintenance. This finding confirms prior work suggesting 

that iterative management cycles facilitate AI/IoT optimization for complex energy systems 

(Gellings, 2009; Lee et al., 2014). 

By integrating short sprints for technological deployment with long-term infrastructure planning, 

hybrid governance allows airport energy managers to refine AI-driven predictive algorithms while 

ensuring alignment with operational schedules and capital expenditure planning (Conforto et al., 

2016; Zhang et al., 2018). In contrast, Waterfall methodology, while structured, lacked flexibility 

to incorporate iterative optimization of smart grid components, and Agile alone lacked macro-level 

alignment with operational milestones, confirming the need for hybrid approaches in high-stakes 

infrastructure contexts (Boehm & Turner, 2004; Highsmith, 2009). 
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5.5 Risk Management and Contingency Planning 

Risk mitigation analysis demonstrated that hybrid PM reduced critical risk escalations by 

approximately 30% relative to Waterfall and Agile. This supports Hillson’s (2017) assertion that 

risk governance benefits from combining structured assessments with iterative monitoring. 

Hybrid models allow continuous evaluation of emerging risks, including technological failures, 

energy system delays, and sustainability compliance challenges. This is particularly relevant in 

Saudi megaprojects, where delays or inefficiencies can impact both economic outcomes and 

Vision 2030 objectives (Too & Weaver, 2014). By integrating risk dashboards and iterative review 

cycles, hybrid PM facilitates proactive contingency application, enhancing the resilience of 

megaproject execution against unpredictable events (Kuhrmann et al., 2017; Shenhar et al., 2001). 

5.6 Stakeholder Engagement and Change Management 

Hybrid PM improved stakeholder alignment by translating iterative Agile metrics, such as velocity 

and story points, into executive-level KPIs and milestone reports (PMI, 2021). This facilitated 

transparent decision-making, early issue resolution, and controlled change management. 

This finding corroborates Kerzner (2017), who identifies that stakeholder engagement is optimized 

when governance systems balance flexibility with structured communication protocols. Agile 

alone offered rapid adaptation but limited strategic alignment, whereas Waterfall provided 

structured reporting but slow response to emerging challenges. Hybrid PM uniquely balances both, 

resulting in improved coordination between technical teams, executives, regulators, and external 

stakeholders (Boehm & Turner, 2004; Rigby et al., 2016). 

5.7 Financial Performance and Value Engineering 

Hybrid PM yielded the highest annual revenue growth (mean 12.8%) across the three airports. 

Enhanced financial performance is attributed to the combination of iterative optimization in 

operational subsystems (energy, AI/IoT, sustainability) and structured planning for capital 

expenditure and portfolio management (Love et al., 2016; IATA, 2022). 
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Value engineering within hybrid PM enabled optimization of design, construction, and technology 

integration, reducing waste and cost overruns while maximizing ROI. These findings support the 

economic impact frameworks suggested by Too and Weaver (2014) and align with empirical 

studies demonstrating that flexible governance strategies correlate with higher economic 

efficiency in megaprojects (Flyvbjerg, 2014; Conforto et al., 2016). 

5.8 Strategic Analysis: SWOT and PESTEL Interpretation 

The SWOT and PESTEL analyses confirmed that hybrid PM enhances both internal and external 

strategic alignment. Strengths such as revenue potential, technological adaptability, and 

sustainability leadership were maximized under hybrid governance, while threats related to 

regulatory compliance, energy volatility, and carbon constraints were mitigated (Helms & Nixon, 

2010; Johnson et al., 2017). 

PESTEL responsiveness, including political alignment with Vision 2030, economic contribution 

to tourism, and technological innovation through AI/IoT integration, was most effectively realized 

under hybrid PM, supporting prior claims that adaptive governance frameworks are crucial for 

navigating multi-dimensional project environments (Shenhar et al., 2001; Silvius & Schipper, 

2014). 

5.9 Integrating AI and IoT for Optimized Project Outcomes 

Hybrid PM facilitated iterative AI and IoT deployment for energy management, predictive 

maintenance, and operational monitoring. This iterative deployment is consistent with prior 

research demonstrating that digital infrastructure adoption in megaprojects benefits from flexible, 

adaptive governance approaches that allow continuous testing, evaluation, and recalibration of 

algorithms (Lee et al., 2014; Wirtz et al., 2018). 

The positive correlation between hybrid methodology and AI/IoT performance indicates that 

governance methodology is a critical moderating variable influencing technological optimization 

in airport megaprojects, confirming the conceptual framework proposed in Chapter 1. 
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Figure 5.1: AI/IoT Integration Framework 

5.10 Addressing UN SDGs Through Hybrid Governance 

The study confirms that hybrid PM directly supports the achievement of multiple UN SDGs. For 

example: 

• SDG 7: Enhanced energy efficiency and smart grid deployment 

• SDG 9: Advanced infrastructure innovation through iterative AI/IoT integration 

• SDG 11: Sustainable airport design and community integration 

• SDG 13: Carbon capture and reduction of greenhouse gas emissions 

This supports the theoretical link between governance methodology and sustainability outcomes 

posited by Elkington (1997) and reinforced by Silvius and Schipper (2014). Hybrid PM serves as 

an operational mechanism to operationalize global sustainability targets in a measurable, high-

impact infrastructure context. 
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Dimension Hybrid PM Benefits Hybrid PM Challenges 

Operational KPIs 

Combines structured planning 

(Waterfall) with iterative 

improvements (Agile); higher overall 

performance; supports milestone 

compliance and adaptability 

Requires careful coordination 

between long-term planning 

and short-term iterations; 

potential complexity in 

managing dual approaches 

Sustainability & SDG 

Alignment 

Enables dynamic adaptation of 

sustainability strategies; iterative 

deployment of renewable energy, 

carbon capture, and green 

infrastructure; highest alignment with 

SDGs 7, 9, 11, 13 

Continuous monitoring 

needed; adaptation may 

demand additional resources; 

complexity in measuring 

iterative sustainability 

outcomes 

Energy Efficiency & 

Smart Grids 

Optimizes AI/IoT integration for 

predictive maintenance and peak-load 

management; iterative refinements 

improve energy performance 

Coordination between tech 

sprints and infrastructure 

planning can be resource-

intensive; requires high 

technical expertise 

Risk Management 

Reduces critical risk escalations 

(~30%); combines structured risk 

assessment with iterative monitoring; 

enhances contingency planning 

Complexity in integrating 

dashboards and iterative 

review; risk of overlooking 

emerging risks if cycles are 

mismanaged 

Stakeholder 

Engagement & 

Change Management 

Improves transparency, early issue 

resolution, and alignment between 

technical teams and executives; 

balances flexibility with structured 

communication 

Translating iterative metrics 

into executive reports can be 

challenging; may require 

training for stakeholders 

Financial 

Performance & Value 

Engineering 

Maximizes ROI via iterative 

optimization and structured capital 

Requires disciplined financial 

monitoring; balancing iterative 

adjustments with long-term 
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Dimension Hybrid PM Benefits Hybrid PM Challenges 

planning; reduces cost overruns and 

waste 

budget control can be 

challenging 

Strategic Alignment 

(SWOT/PESTEL) 

Enhances strengths (innovation, 

sustainability, revenue potential) and 

mitigates threats; responsive to 

political, economic, and technological 

factors 

Maintaining strategic oversight 

while executing iterative 

cycles may be complex; risk of 

misalignment if not carefully 

managed 

AI/IoT Integration 

Supports iterative testing, evaluation, 

and recalibration of digital systems; 

improves operational monitoring and 

predictive analytics 

Demands high technical 

capability; iterative 

deployment may temporarily 

disrupt operations 

Overall Complexity 

Balance’s structure and flexibility; 

suitable for large-scale, regulated, and 

sustainability-driven projects 

Higher management 

complexity than pure Waterfall 

or Agile; requires skilled 

leadership and integration 

mechanisms 
 

Table 5.1: Comparison of Hybrid PM Benefits and Challenges 

5.11 Practical Implications 

The findings suggest several practical applications for policymakers, airport authorities, and 

project managers: 

1. Adoption of hybrid PM for large-scale, sustainability-focused infrastructure projects 

2. Integration of iterative technological subsystems within structured milestone planning 

3. Utilization of AI/IoT-enabled dashboards to monitor energy, risk, and performance KPIs 

4. Enhanced stakeholder engagement and controlled change management strategies 

5. Alignment with SDGs and national economic development goals 
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These applications align with prior research demonstrating that hybrid governance facilitates 

both operational and strategic optimization in complex project environments (Boehm & Turner, 

2004; Kerzner, 2017; PMI, 2021). 

5.12 Limitations and Interpretation Boundaries 

While the study demonstrates clear benefits of hybrid PM, limitations include: 

• Small sample size (n=24) and purposive sampling may limit generalizability (Field, 

2018) 

• Cross-sectional design cannot capture longitudinal performance trends (Bryman, 2016) 

• Context-specific findings within Saudi megaprojects may not fully generalize to other 

geopolitical or regulatory environments 

Despite these limitations, triangulation with archival performance data and rigorous statistical 

analysis enhances confidence in the validity of the findings (Flyvbjerg, 2014; Saunders et al., 

2019). 

5.13 Summary 

In conclusion, the discussion confirms that hybrid project management: 

• Integrates the best of Waterfall and Agile practices, balancing structure and flexibility 

• Enhances operational KPIs, sustainability integration, energy efficiency, and risk 

mitigation 

• Maximizes financial performance through value engineering and optimized resource 

allocation 

• Supports strategic alignment with UN SDGs and national economic objectives 

• Facilitates technological innovation via AI/IoT iterative deployment 

These findings reinforce the theoretical and empirical rationale for adopting hybrid governance 

as a standard for airport megaprojects in complex, sustainability-driven environments (Conforto 

et al., 2016; Shenhar et al., 2001; Wirtz et al., 2018). 
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CHAPTER 6 

CONCLUSION AND RECOMMENDATIONS 

6.1 Introduction 

This final chapter synthesizes the key findings of the research, evaluates their theoretical and 

practical implications, and provides actionable recommendations for airport megaproject 

governance. The study investigated the comparative performance of Waterfall, Agile, and Hybrid 

project management (PM) methodologies across three Saudi Arabian airports: King Abdulaziz 

International Airport (KAIA), Red Sea International Airport (RSI), and Prince Mohammad bin 

Abdulaziz International Airport (PMIA). It focused on operational efficiency, sustainability 

integration, risk management, stakeholder engagement, financial performance, and alignment with 

the UN Sustainable Development Goals (SDGs). The chapter also addresses methodological 

limitations and outlines directions for future research. 

6.2 Summary of Research Findings 

The study provides empirical evidence that hybrid project management outperforms Waterfall and 

Agile methodologies across multiple performance dimensions. Hybrid PM consistently achieved 

higher KPI composite scores, indicating superior operational efficiency (Conforto et al., 2016; 

Shenhar et al., 2001). The structured milestone approach of Waterfall, combined with Agile’s 

iterative flexibility, facilitated enhanced adaptability in large-scale airport megaprojects, which is 

critical for projects characterized by high uncertainty, regulatory complexity, and sustainability 

requirements (Boehm & Turner, 2004; Flyvbjerg, 2014). 

Sustainability metrics showed that hybrid PM enables better integration of UN SDGs, particularly 

SDG 7 (Affordable and Clean Energy), SDG 9 (Industry, Innovation, and Infrastructure), SDG 11 

(Sustainable Cities and Communities), and SDG 13 (Climate Action) (UN, 2015; Silvius & 

Schipper, 2014). Airports like RSI achieved the highest sustainability scores due to iterative 

integration of renewable energy microgrids, AI-based energy optimization, and LEED-certified 

green infrastructure. This empirical evidence supports prior findings that adaptive governance 
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frameworks are essential for operationalizing global sustainability goals in infrastructure 

megaprojects (Elkington, 1997; Zhang et al., 2018). 

Risk management outcomes indicated that hybrid PM reduces critical risk escalations by 30% 

relative to other methodologies (Hillson, 2017; Kuhrmann et al., 2017). Iterative risk monitoring 

and contingency application allow proactive mitigation of threats from technological failures, 

regulatory delays, and environmental constraints. This complements prior literature emphasizing 

the need for combined structured and adaptive approaches for high-risk megaproject environments 

(Kerzner, 2017; Shenhar et al., 2001). 

Financial performance analysis showed that hybrid PM contributes to higher annual revenue 

growth (mean 12.8%), achieved through value engineering, efficient resource allocation, and 

integration of AI/IoT systems (Love et al., 2016; IATA, 2022). This finding aligns with empirical 

studies demonstrating that adaptive project governance enhances both operational efficiency and 

economic value in infrastructure projects (Too & Weaver, 2014; Conforto et al., 2016). 

Stakeholder engagement was significantly improved under hybrid PM, facilitated by translating 

agile metrics into executive dashboards for transparent decision-making and controlled change 

management (PMI, 2021; Rigby et al., 2016). SWOT and PESTEL analyses further confirmed that 

hybrid PM allows proactive mitigation of weaknesses and threats, while leveraging opportunities 

across political, economic, social, technological, environmental, and legal dimensions (Helms & 

Nixon, 2010; Johnson et al., 2017). 

6.3 Theoretical Contributions 

This study contributes to project management theory in several ways. First, it empirically validates 

the contingency theory of project governance, showing that hybrid PM is optimal in high-

complexity, high-regulation environments such as airport megaprojects (Shenhar et al., 2001; 

Conforto et al., 2016). Second, the research bridges the gap between traditional project 

management metrics (cost, schedule, scope) and sustainability-oriented KPIs, operationalizing UN 

SDGs within infrastructure megaproject evaluation (Silvius & Schipper, 2014; UN, 2015). Third, 

it demonstrates that hybrid PM facilitates technological optimization through iterative deployment 
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of AI and IoT systems, advancing the literature on digital infrastructure governance in large-scale 

projects (Lee et al., 2014; Wirtz et al., 2018). 

6.4 Practical Implications 

The findings offer actionable guidance for policymakers, airport authorities, and project 

managers: 

1. Adopt Hybrid Governance for Megaprojects: Airports should implement hybrid PM 

frameworks to balance structured planning with iterative adaptability, ensuring both 

compliance and innovation (Boehm & Turner, 2004; Kerzner, 2017). 

2. Integrate Sustainability from Project Inception: Embedding SDG-aligned 

performance indicators, renewable energy systems, and LEED certification 

considerations early enhances environmental outcomes and compliance (Elkington, 1997; 

Silvius & Schipper, 2014). 

3. Leverage AI/IoT Technologies Iteratively: Deploy AI and IoT systems within iterative 

sprints to optimize energy management, predictive maintenance, and operational KPIs 

(Lee et al., 2014; Zhang et al., 2018). 

4. Enhance Stakeholder Engagement: Use hybrid dashboards that convert technical 

metrics into executive KPIs to ensure transparency, support decision-making, and 

manage change effectively (PMI, 2021; Rigby et al., 2016). 

5. Optimize Financial and Resource Outcomes: Implement value engineering and 

resource allocation strategies in tandem with hybrid governance to improve ROI, revenue 

growth, and operational efficiency (Love et al., 2016; Too & Weaver, 2014). 

6. Monitor Risk Continuously: Hybrid PM allows real-time risk tracking, contingency 

planning, and mitigation, critical for complex infrastructure and technology-intensive 

projects (Hillson, 2017; Kuhrmann et al., 2017). 

6.5 Alignment with UN Sustainable Development Goals 

The study demonstrates that hybrid PM is uniquely positioned to operationalize multiple SDGs 

within airport projects: 
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• SDG 7 (Affordable and Clean Energy): Iterative AI/IoT energy optimization reduced 

peak loads and enhanced renewable energy integration (Gellings, 2009; Zhang et al., 

2018). 

• SDG 9 (Industry, Innovation, and Infrastructure): Hybrid governance facilitated 

iterative innovation cycles for smart grid and predictive maintenance systems (Wirtz et 

al., 2018; Conforto et al., 2016). 

• SDG 11 (Sustainable Cities and Communities): Hybrid PM supported community 

integration, LEED certification, and green infrastructure deployment (Elkington, 1997; 

Silvius & Schipper, 2014). 

• SDG 13 (Climate Action): Carbon capture, energy efficiency, and smart grid integration 

were most effectively implemented under hybrid governance (UN, 2015; Zhang et al., 

2018). 

These results suggest hybrid PM can serve as a strategic mechanism for SDG 

operationalization in high-impact infrastructure sectors. 

6.6 Recommendations for Policy and Practice 

Based on empirical findings, the following recommendations are proposed: 

1. Institutionalize Hybrid Governance in Aviation Projects: Regulatory authorities 

should encourage hybrid PM as the default framework for megaproject approval, 

ensuring alignment with national visions like Saudi Vision 2030 (Too & Weaver, 2014). 

2. Mandatory Sustainability Metrics: Airport authorities should require all projects to 

track KPIs aligned with SDGs and environmental certification, leveraging hybrid PM for 

iterative monitoring (Silvius & Schipper, 2014; Elkington, 1997). 

3. Digital Infrastructure Investment: Investments in AI/IoT systems should be structured 

within hybrid sprints to optimize predictive capabilities and energy management (Lee et 

al., 2014; Wirtz et al., 2018). 

4. Enhanced Stakeholder Frameworks: Hybrid PM dashboards should be standardized to 

facilitate transparent reporting across government, investors, and technical teams (PMI, 

2021; Rigby et al., 2016). 
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5. Continuous Training: Project managers should receive hybrid PM and sustainability-

focused training to ensure competence in both structured oversight and iterative 

adaptation (Kerzner, 2017; Boehm & Turner, 2004). 

6.7 Limitations of the Study 

Despite robust quantitative analysis, limitations exist: 

• Sample Size: The study was limited to 24 project managers, which may affect 

generalizability (Field, 2018). 

• Context-Specific Findings: Results are based on airport projects and may not fully 

generalize to other sectors (Flyvbjerg, 2014). 

• Cross-Sectional Design: Longitudinal performance variations were not captured, 

limiting understanding of dynamic trends over project lifecycles (Bryman, 2016). 

Future studies should expand sample sizes, include giga project contexts, and employ 

longitudinal designs to strengthen generalizability. 

6.8 Future Research Directions 

1. Longitudinal Studies: Track hybrid PM performance over full project lifecycles to 

assess sustained benefits and adaptability (Bryman, 2016). 

2. International Comparative Research: Evaluate hybrid PM effectiveness in different 

regulatory, cultural, and economic environments (Flyvbjerg, 2014). 

3. Advanced Analytics Integration: Explore predictive modeling, machine learning, and 

digital twin applications for performance optimization under hybrid governance (Lee et 

al., 2014; Wirtz et al., 2018). 

4. Sustainability Metrics Expansion: Develop standardized metrics for SDG alignment in 

large-scale infrastructure projects (Silvius & Schipper, 2014; UN, 2015). 

6.9 Conclusion 
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This study demonstrates that hybrid project management provides superior performance in airport 

megaprojects compared to Waterfall and Agile methodologies. Hybrid PM enables a balance of 

structured oversight and iterative adaptability, resulting in: 

• Enhanced operational KPIs 

• Greater sustainability and SDG alignment 

• Improved energy efficiency and technological optimization 

• Effective risk mitigation and stakeholder engagement 

• Higher financial and economic performance 

The empirical evidence supports the adoption of hybrid governance as a strategic framework for 

large-scale, technology-intensive, and sustainability-oriented infrastructure projects. This 

framework not only advances project management theory but also provides actionable guidance 

for policymakers, project managers, and industry stakeholders seeking to optimize complex 

megaproject delivery in alignment with global sustainability and economic objectives (Conforto 

et al., 2016; Flyvbjerg, 2014; PMI, 2021; Elkington, 1997). 
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