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Clark International Airport is strategically positioned as a key
aviation hub in the Philippines, with growing potential to
accommodate next-generation wide-body aircraft such as the
Boeing 777X. This study investigates the operational feasibility of
integrating the 777X at Clark by assessing infrastructure
compatibility, environmental compliance, ground handling
efficiency, and economic viability. Utilizing a case study approach
and descriptive-analytical method, data were gathered through
interviews, site observations, and technical document analysis.
Findings reveal that while Clark’s 3,200-meter runway meets length
requirements, critical gaps exist in pavement strength, taxiway
width, apron capacity, and ground support systems, posing
limitations for the 777X’s higher maximum takeoff weight and
extended wingspan. Economically, the 777X offers long-term
benefits through reduced fuel costs, increased passenger and cargo
capacity, and improved turnaround times. However, these
advantages hinge on significant infrastructure investments. The
study recommends targeted upgrades in runway reinforcement,
taxiway expansion, and GSE modernization, alongside
environmental enhancements such as sustainable aviation fuel (SAF)
integration and noise monitoring improvements. Practical strategies
include leveraging public-private partnerships and aligning
development with regional growth goals. These insights provide a
roadmap for enhancing Clark’s competitiveness as a regional
aviation hub capable of supporting next-generation aircraft.
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1. Introduction

The Boeing 777X, as shown in Fig. 1, represents the latest advancement in wide-body aircraft engineering,
integrating innovations in aerodynamics, propulsion, and materials science to meet the growing demand for long-
haul operational efficiency and environmental sustainability. Among its standout features are its high-aspect-ratio
composite wings with folding wingtips, the GE9X engines featuring TAPS combustor technology, and an airframe
constructed from lightweight carbon-fiber composites (Ma & Elham, 2024; Foust et al., 2012; Haselbach & Newby,
2015). These enhancements collectively reduce fuel consumption, lower emissions, and enhance overall
performance. The folding wingtip design allows the aircraft to maintain compatibility with standard Code E airport
gates when retracted, thereby reducing the need for extensive airport retrofitting (Boeing, 2020; Petrescu et al.,
2017).

As global air travel rebounds post-pandemic, airports are being challenged to modernize infrastructure in line
with evolving aircraft technologies and international standards. In Southeast Asia, where competition among
regional hubs is intensifying, airports like Singapore Changi and Kuala Lumpur International have proactively
expanded their capabilities to handle next-generation wide-body aircraft (Bardai et al., 2017; Chang et al., 2020).
In the Philippine context, Clark International Airport, located within the Clark Freeport Zone, is increasingly being
positioned as a next-generation aviation gateway. While recent infrastructure expansions have extended the
runway length and improved terminal facilities, a comprehensive technical evaluation of the airport’s readiness to
accommodate advanced aircraft, such as the Boeing 777X, remains lacking.

Current research on wide-body aircraft integration tends to focus on general airport compatibility, often omitting
the specific operational and infrastructure demands posed by the Boeing 777X. The aircraft’s extended wingspan
of 71.8 meters, maximum takeoff weight (MTOW) of 351,500 kg, and enhanced environmental compliance features
require more than just surface-level compatibility checks (Boeing, 2023). Critical aspects such as runway
pavement strength (PCN), taxiway geometry, apron layout, and ground handling systems must be evaluated in
detail (Sun et al., 2022; Stet et al., 2009). Environmental considerations are equally important. Although the 777X
is equipped with emissions- and noise-reducing technologies that meet ICAO Chapter 14 and CO, standards, the
airport’s systems for monitoring noise, managing fuel spills, and integrating sustainable aviation fuel (SAF)
infrastructure remain underdeveloped (Bergesen et al., 1998; Bugayko et al., 2022; Yang, 2024).

This study addresses these knowledge and infrastructure gaps by presenting the first dedicated feasibility
assessment of integrating the Boeing 777X into Clark International Airport. The central research question guiding
this investigation is: To what extent is Clark International Airport equipped to accommodate the technical,
operational, and environmental requirements of the Boeing 777X? To answer this, a multi-dimensional case study
framework was applied, combining site observations, technical document review, and interviews with aviation
professionals.

The study’s strength lies in its interdisciplinary approach, merging airport infrastructure benchmarking with
sustainability analysis and operational feasibility. In contrast to previous studies that primarily focused on highly
developed hubs, this research provides insights from an emerging Southeast Asian airport context, thereby filling
a critical void in academic and industry literature (Quimba et al., 2024; Disimulacion, 2021). By aligning aircraft-
specific requirements with localized airport realities, the study not only contributes to scholarly knowledge but
also provides practical guidance for airport planners and policymakers.

Despite its comprehensive scope, the research has limitations. It is based on current infrastructure and
operational data and does not account for projected traffic growth, long-term business models of airlines, or in-
depth passenger experience analysis. These areas warrant further investigation in future studies, potentially
through simulation modeling or comparative benchmarking with other regional hubs.

Ultimately, this research offers several important contributions. First, it delivers a data-driven feasibility analysis
of the Boeing 777X tailored to the Philippine aviation landscape. Second, it informs infrastructure investment
strategies that align with ICAO regulatory frameworks and sustainability objectives. Third, it supports Clark’s
broader ambition of positioning itself as a competitive, next-generation aviation hub. In doing so, the study
bridges the gap between advanced aircraft design and airport operational readiness in emerging markets.
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Fig. 1. Boeing 777X in Flight with Extended Wingspan (Boeing, n.d.)
2. Method

2.1. Research Design

This study employed a case study approach, descriptive-analytical method, and applied research design to
evaluate the operational feasibility of the Boeing 777X at Clark International Airport. The case study approach
enabled an in-depth, contextual analysis of Clark’s infrastructure, including runway dimensions, taxiway
configurations, ground handling capabilities, and environmental considerations—characteristics that make the
case study ideal for investigating complex, real-world challenges (Crowe et al., 2011; Ratnasari & Sudradjat, 2023).
Drawing from multiple sources of evidence, such as on-site observations, technical documentation, and
interviews with airport personnel, the method allowed for triangulation, enhancing the validity and reliability of
findings (Adeyinka-Ojo et al., 2014; Bell & Warren, 2023).

The descriptive-analytical method systematically documented and assessed Clark’s infrastructure compatibility
with Boeing 777X specifications by benchmarking key parameters, such as runway length, pavement strength,
taxiway width, and ground handling efficiency, against international standards and ICAO guidelines. This process
highlighted existing infrastructure conditions and revealed operational gaps requiring strategic upgrades.
Meanwhile, the applied research element grounded the study in practical outcomes by focusing on the
development of real-world recommendations for infrastructure reinforcement, policy refinement, and
operational optimization. This integration of theory and practice is a defining feature of applied research,
especially in aviation planning contexts where actionable insights are critical (Butvilas & Zygmantas, 2011; Bell &
Warren, 2023). Through this multi-method framework, the study bridges conceptual analysis with practical
aviation infrastructure planning, offering a comprehensive foundation for future upgrades to accommodate next-
generation aircraft, such as the Boeing 777X.

2.2. Sampling

This study employed purposive sampling, a non-probability sampling method, which is well-suited for selecting
individuals with specialized knowledge relevant to the research focus. Participants were carefully chosen based
on their roles in airport management, infrastructure planning, and airline operations, ensuring that each had
direct experience or decision-making authority related to Clark International Airport’s readiness for wide-body
aircraft such as the Boeing 777X. These included airport officials, civil and aeronautical engineers, and personnel
from airline ground operations. A minimum of 10 participants was targeted to achieve data saturation, ensuring
that recurring themes and insights could be identified without redundancy.

2.3. Data Collection Methods

This study employed a combination of primary and secondary data sources to comprehensively assess the
operational feasibility of Clark International Airport for the Boeing 777X. Primary data were gathered through
interviews and on-site observations, providing firsthand insights into operational challenges, ground-handling
processes, and infrastructure constraints. Interviews were conducted with airport officials, engineers, and airline
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representatives, utilizing a semi-structured format to allow for flexibility in discussing key concerns, such as
runway compatibility, taxiway clearance, and turnaround efficiency.

Additionally, on-site observations were conducted to document the real-time conditions of the airport’s runway,
taxiway layouts, apron space, and ground handling operations. These observations were systematically recorded
using standardized checklists based on ICAO standards and Boeing 777X specifications, ensuring accuracy and
consistency. Secondary data were sourced from technical manuals, ICAO guidelines, airport planning documents,
and academic studies to provide a broader contextual understanding. Boeing technical manuals detailed the
aircraft’s operational requirements, while ICAO guidelines benchmarked Clark’s infrastructure compliance with
international aviation standards. Government reports, case studies of airports accommodating wide-body
aircraft, and environmental assessments were also reviewed to identify best practices and benchmarks relevant
to Clark’s expansion and operational strategies. By integrating primary and secondary data, this mixed-method
approach ensured practical relevance while maintaining alignment with established aviation standards, providing
a robust foundation for assessing the airport’s readiness to accommodate the Boeing 777X.

2.4. Data Analysis

This study employed a combination of descriptive statistics, comparative analysis, SWOT, and gap analysis to
comprehensively evaluate Clark International Airport’s readiness for the Boeing 777X. Descriptive statistics were
used to summarize quantitative data on runway dimensions, taxiway width, apron area, and ground handling
capacity, establishing an objective baseline for infrastructure assessment—an approach commonly adopted in
policy evaluation, infrastructure planning, and institutional performance studies (Batubara et al., 2023).

A comparative analysis was conducted using benchmarking matrices, aligning Clark’s infrastructure with ICAO
Annex 14 standards and operational requirements observed in leading regional hubs, such as Singapore Changi
Airport and Kuala Lumpur International Airport. This method follows established frameworks used in
infrastructure evaluations and regional competitiveness assessments (Mashuri & Nurjannah, 2020; Gusti et al.,
2023).

A SWOT analysis provided a qualitative framework to assess internal and external factors, identifying strengths
such as a strategic location and potential for facility expansion, as well as weaknesses, including limited wide-
body aircraft handling capabilities. Opportunities for future partnerships and infrastructure investments were
highlighted, along with external threats, including regional competition and regulatory constraints. The flexibility
of the SWOT analysis has been demonstrated across various sectors—from higher education and health services
to banking and e-government—supporting its value in aviation infrastructure planning (Kuchler et al., 2020; Wong
et al., 2014; Murudi-Manganye et al., 2021; Bharadwaj & Pradeep, 2023).

Gap analysis utilized compatibility assessment templates and cross-tabulation techniques to pinpoint deficiencies
in critical infrastructure elements, such as inadequate taxiway clearance and limited apron space, and to quantify
the alignment of existing conditions with Boeing 777X specifications. As in prior studies, the use of SWOT matrices
and gap analysis supports the formulation of targeted recommendations and decision-making strategies in
complex operational environments (Mashuri & Nurjannah, 2020; Gusti et al., 2023).

By integrating quantitative and qualitative tools, this multi-method analytical framework ensured a robust
evaluation of Clark International Airport’s capability to accommodate the Boeing 777X, supporting the formulation
of strategic, data-driven recommendations for operational enhancements.

2.5. Instrument Validity

To ensure the validity of the research instruments, all tools—including structured interview questions,
observation checklists, and compatibility assessment templates—were subjected to expert validation. Aviation
professionals and academic experts in airport planning and aircraft operations were consulted to review the
instruments for content relevance, clarity, and alignment with the Boeing 777X’s technical specifications and ICAO
standards. Revisions were made based on their feedback to eliminate ambiguity and ensure each item effectively
measured the intended parameter. This process established content and face validity, reinforcing the accuracy
and appropriateness of the data collection tools used in the study.
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3. Results and Discussion

3.1. Technical Specifications and Infrastructure Implications

The Boeing 777X incorporates advanced technical specifications (Table 1), positioning it as a next-generation wide-
body aircraft tailored for long-haul efficiency and environmental sustainability. With an extended wingspan of
71.8 meters and a folded configuration of 64.8 meters (Fig. 2), its signature folding wingtip technology enhances
aerodynamic performance while allowing the aircraft to remain compatible with airport gates designed for ICAO
Code E standards (Boeing, 2020; Ma & Elham, 2024). This feature is particularly relevant for airports like Clark
International Airport, where existing taxiways and parking aprons are optimized for current-generation wide-
body aircraft, such as the Boeing 777-300ER. However, despite the reduced span when folded, the 777X’s full
wingspan still exceeds the design envelope of many taxiways and turning areas, requiring selective widening and
reconfiguration to prevent clearance issues and operational delays (Stet et al., 2009).

The aircraft’s overall length of 76.7 meters and Maximum Takeoff Weight (MTOW) of 351,500 kg enable it to
transport high volumes of passengers and cargo across long distances without compromising efficiency. These
characteristics, however, place increased demands on airside infrastructure. Although meeting the minimum
length requirement of 3,000 meters, Clark's main runway must be evaluated for load-bearing capacity. The 777X’s
higher MTOW necessitates a reinforced Pavement Classification Number (PCN) to prevent premature surface
wear and ensure structural integrity under frequent heavy-load operations (Sun et al., 2022; Sabahfar & Murrell,
2020).

Table 1. Boeing 777X Technical Specifications

Specification Details
Wingspan 71.8 meters (extended) / 64.8 meters (folded)
Length 76.7 meters (777-9 model)
Maximum Takeoff Weight (MTOW) Approximately 351,500 kg (777-9 model)
Engine Type GE9X engines
Passenger Capacity Approximately 384 passengers (typical 2-class configuration, 777-9 model)
Range 13,500 km (777-9 model)
Fuel Efficiency 10% lower fuel consumption compared to the Boeing 777-300ER
Noise Compliance Meets ICAO Chapter 14 standards for noise reduction

Advanced composites (including carbon fiber-reinforced polymers for wings

Materials and fuselage)

Fig. 2. Boeing 777X Folding Wingtip Technology Enhancing Compatibility with Existing Airport Infrastructure
(Boon & Pande, 2023)

The 777X is powered by state-of-the-art GE9X engines, which offer a 10% reduction in fuel consumption
compared to the 777-300ER, achieving a maximum range of approximately 13,500 kilometers (Boeing, 2023; Foust
et al., 2012). In addition to improved fuel economy, the engines produce 30% less NOx and comply with ICAO
Chapter 14 noise standards, making the 777X one of the most environmentally friendly aircraft in its category
(Bergesen et al., 1998; Bugayko et al., 2022). While these advancements reduce the overall environmental footprint,
they still necessitate upgrades in Clark’s environmental monitoring infrastructure. Current noise monitoring
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zones may not accurately assess and mitigate noise generated during thrust-intensive phases such as takeoff,
particularly during night operations or in densely populated surrounding areas (Abeyratne, 2003; Agarwal, 2009).

Constructed using advanced composite materials—such as carbon fiber-reinforced polymers in the wings and
fuselage—the aircraft benefits from reduced structural weight and increased durability. This design also improves
fuel efficiency and maintenance longevity, translating into higher airport operational throughput. However, to
fully leverage these efficiencies, airports must possess the ground handling capacity to manage quicker
turnaround times, including high-capacity refueling systems, wide-body-configured gates with dual-boarding
bridges, and automated cargo and baggage loading equipment (Horstmeier & Haan, 2001; Tabares & Mora-
Camino, 2017).

With a passenger capacity of approximately 384 in a typical two-class configuration, the Boeing 777X enhances
the economics of long-haul operations (Boeing, 2020). For airports like Clark, this requires synchronized upgrades
in terminal space, check-in counters, immigration processing areas, and baggage claim systems to avoid
congestion and maintain a high-quality passenger experience (Schultz, 2018; Srisook & Panjakajornsak, 2017).

In summary, each of the Boeing 777X’s innovative features has direct infrastructure implications. The aircraft’s
scale, engine power, and environmental performance metrics necessitate corresponding enhancements in
runway strength, taxiway geometry, apron layout, ground support equipment, terminal capacity, and
environmental monitoring. These interdependencies underscore the importance of aligning aircraft technological
advancements with airport infrastructure modernization, particularly for airports aiming to serve as regional hubs
for next-generation aviation (Frediani et al., 2019; Chang et al., 2020).

3.2. Clark International Airport Strategic Location

Clark International Airport, situated in the province of Pampanga in the Philippines, boasts a strategic
geographical location within the Southeast Asian region, making it an ideal hub for both regional and long-haul
flights. Its proximity to major cities such as Manila, Hong Kong, Singapore, and Tokyo provides airlines with access
to key business and leisure travel markets. This location is further enhanced by the Philippines’ role as a central
point connecting major East Asian economies and growing markets in Southeast Asia (Homsombat et al., 2011;
Chang et al., 2020). (Fig. 3) highlights Clark's strategic placement, offering direct access to international air routes
in the Pacific and Asian regions. Compared to Manila's congested Ninoy Aquino International Airport (NAIA), Clark
provides significant room for expansion, making it an attractive alternative for airlines aiming to reduce
operational delays and optimize flight schedules (Disimulacion, 2021; Huynh et al., 2020).

Additionally, the airport’s proximity to Subic Freeport Zone and other industrial areas supports cargo operations,
positioning Clark as a logistics hub for both domestic and international freight (Homsombat et al., 2011). With its
expansion plans and infrastructure improvements, including extended runways and upgraded terminals, the
airport is well-equipped to accommodate next-generation wide-body aircraft, such as the Boeing 777X, further
enhancing its competitiveness in the aviation industry (Bardai et al., 2017; Dela Pefa, 2024). In summary, Clark
International Airport’s location, combined with its infrastructure potential and lower congestion levels,
underscores its importance as a gateway for international connectivity, economic growth, and tourism
development in the region (Chang et al., 2020; Suh & Ryerson, 2017).

aiwan

urma)

Clark
Diirpo

Philippines.

Fig. 3. Geographical location of Clark International Airport in the Philippines, highlighting its strategic position
for regional and international aviation connectivity (BCDA & IFC, 2018)
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3.3. Airport Infrastructure Assessment

Table 2 provides infrastructure details at Clark International Airport, revealing a promising foundation for
accommodating the Boeing 777X and highlighting critical areas requiring strategic upgrades to ensure full
operational compatibility and long-term efficiency. Fig. 4, which offers an aerial layout of the airport, illustrates
essential components such as runways, taxiways, aprons, and terminals. While these currently support wide-body
aircraft like the Boeing 777-300ER, the larger dimensions and operational weight of the 777X demand
infrastructure enhancements. As illustrated in Fig. 4 to 8, Clark International Airport’s primary runway measures
3,200 meters in length and 60 meters in width, meeting ICAO Code F requirements and accommodating the 777X’s
takeoff and landing distance needs (Boeing, 2020). However, the existing Pavement Classification Number (PCN)—
reported as PCN 66/F/B/W/T—falls below the recommended level for wide-body aircraft with a Maximum
Takeoff Weight (MTOW) of 351,500 kg. According to ICAO guidance and ACN-PCN research, a minimum PCN of
80 is advisable for aircraft of this class to ensure structural integrity and reduce long-term surface degradation
(Stet et al., 2009; Sun et al., 2022). Without reinforcement, frequent operations by the 777X could lead to
accelerated pavement wear and costly maintenance cycles.

Fig. 4. Layout map of Clark International Airport highlighting the main runway, taxiways, terminals, and apron
configurations' compatibility with wide-body aircraft such as the Boeing 777X (BCDA & IFC, 2018)

Clark’s taxiway system also presents a mix of readiness and constraint. As shown in Fig. 7, taxiways are 23 meters
wide, compliant with ICAO Code E specifications and sufficient for the aircraft’s folded wingspan of 64.8 meters.
However, the 777X’s fully extended wingspan of 71.8 meters requires expanded taxiway clearance and improved
turning radii at key junctions to prevent wingtip clearance conflicts (Boeing, 2020; Ma & Elham, 2024). Select
taxiway modifications—particularly at apron intersections and near high-traffic gates—are needed to ensure safe
and efficient ground maneuvering.

The apron layout, as visualized in Fig. 7, accommodates existing traffic but poses challenges for high-volume wide-
body operations. The limited number of Code F parking stands and shared ground servicing zones may lead to
congestion and extended turnaround times during peak periods. Expanding apron space and introducing dual-
boarding bridge configurations at primary gates would improve passenger flow and reduce aircraft ground time,
especially for long-haul departures (Saggar et al., 2021).

Fig. 6 further illustrates that Clark’s runway is limited by a lack of high-speed exit taxiways, which increases
runway occupancy time and restricts throughput during peak operational windows. Constructing additional high-
speed exits could significantly reduce taxiing delays and improve airfield efficiency. Ground Support Equipment
(GSE) availability is another bottleneck. The 777X’s operational requirements—including greater fuel volume and
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cargo handling—necessitate high-capacity refueling trucks, tugs, and automated cargo loaders. The current
shared-use model can lead to handling inefficiencies. A dedicated GSE for wide-body aircraft is recommended to
minimize delays and streamline turnaround processes (Horstmeier & Haan, 2001; Tabares & Mora-Camino, 2017).

Finally, terminal infrastructure must be scaled to support the 777X’s larger passenger load—approximately 384
passengers in a two-class configuration. Without upgrades, existing terminal layouts may experience pressure at
check-in counters, immigration screening, and baggage handling. Expansion of passenger processing facilities,
particularly with dual boarding bridges, will be critical in sustaining service quality and maintaining competitive
turnaround times (Schultz, 2018). In conclusion, while Clark International Airport meets several baseline criteria
for handling next-generation wide-body aircraft, including the Boeing 777X, infrastructure gaps—particularly in
pavement strength, taxiway width, apron space, and terminal processing capacity—must be addressed. By
implementing these targeted enhancements, Clark can solidify its position as a future-ready hub capable of
efficiently supporting advanced long-haul operations and regional growth.

9
A e

Fig. 5. Exterior view of Clark International Airport’s terminal building, showcasing its modern architecture and
capacity to support future expansions for next-generation wide-body aircraft operations (BCDA & IFC, 2018)

Fig. 6. Current Clark International Runway (The Market Monitor, 2018)
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Fig. 7. Taxiway and terminal layout of Clark International Airport, highlighting main ramps, runways, and
restricted areas essential for evaluating aircraft movement and parking configurations for Boeing 777X operation
(BCDA & IFC, 2018)

Designations TRUE BRG Dimensions of  Strength (PCN) THR coordinates THR elevation and
RWY NR RWY and surface of RWY end highest elevation
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466.443FT

20L 201°GEO 3200M X 60M PCN 85 RICWIT 151204.9015N THR 119.922M/
202° MAG 1203406.7568E 393.444FT

(42.573M) TDZ 125.384M/
411.397FT

oz2L 021°GEO 3200M X 45M PCN 60 R/B/X/U 151014.1215N THR 147.469M/
022° MAG CONC+ASPH 1203307.5427E 483.821FT

overlay (42.642M) TDZ 147.603M/
484 261FT

20R 201°GEO 3200M X 45M PCN 60 R/B/X/U 151151.4994N THR 127.713M/
202° MAG CONC+ASPH 1203346.1227E 419.005FT

overlay (42.597TM) TDZ 131.777T\W/
432.338FT

Fig. 8. Runway specifications at Clark International Airport, detailing runway dimensions, pavement
classification numbers (PCN), and threshold coordinates, essential for assessing suitability for Boeing 777X
operations (BCDA & IFC, 2018)

As illustrated in Fig. 4 to 8, Clark International Airport has a 3,200-meter by 60-meter runway, compliant with
ICAO Code F length requirements. However, the current Pavement Classification Number (PCN)—PCN
66/F/B/W/T—is below the required threshold to safely support the Boeing 777X’s Maximum Takeoff Weight
(MTOW) of 351,500 kg. ICAO recommends a PCN of at least 80 for aircraft of this weight class. Similarly, taxiway
width, currently 23 meters, meets ICAO Code E standards but falls short of optimal clearance for the 777X’s
extended 71.8-meter wingspan. These discrepancies emphasize the need for reinforced pavement and taxiway
modifications, supported by the layout diagrams and specifications in Fig. 5 to 8.

Table 2. Summary of Clark Airport Infrastructure vs. Boeing 777X Operational Requirements

Infrastructure Component Current Status at Clark Boeing 777X Requirement Gap Identified
Runway Length 3,200 meters 3,000+ meters Compliant
Runway PCN PCN 66 PCN > 80 Needs upgrade
Taxiway Width 23 meters =23 meters (folded) / 36m Turning radius limited
(extended)
Apron Space Moderate, limited wide- High volume wide-body Requires expansion
body bays operations
Gate Configuration Single bridge per gate Dual bridge for 384 pax Needs upgrade
GSE Availability Shared & outdated Specialized, high-capacity Needs procurement
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3.4. Environmental Impact Assessment

In (Table 3), the Boeing 777X introduces significant environmental advancements over older wide-body aircraft,
primarily through enhanced fuel efficiency and reduced emissions. These improvements are achieved through
design innovations such as high-bypass GE9X engines and advanced combustion technologies, which contribute
to lower particulate matter and carbon emissions (Yang, 2024; Durdina et al., 2021). However, to fully accommodate
the aircraft’s operations while minimizing environmental risks, Clark International Airport must enhance its
current environmental management systems. Noise remains a key concern during takeoff, landing, and ground
operations. Although the 777X, powered by GE9X engines, meets ICAO Chapter 14 noise standards—the most
stringent to date—it can still produce moderate to high noise levels, particularly during thrust-intensive phases
(Bergesen et al., 1998; Boeing, 2023).

Table 3. Environmental Impact Assessment for Boeing 777X Operations at Clark International Airport

Environmental
Factor

Current Status

Boeing 777X Impact

Recommendations

Noise Levels

Noise monitoring system
in place, but limited to
specific zones near
runways

The GE9X engines are quieter
than older models, as they
comply with ICAO Chapter 14
standards (Boeing, n.d.).

Upgrade noise-monitoring systems to
cover larger areas, implement buffer
zones, and optimize flight paths to
minimize the impact on residential
areas.

Takeoff and
Landing Noise

Moderate to high noise
impact on nearby
communities during
peak hours

Takeoff and landing noise
remains a key concern, especially
during reverse thrust and peak
operations

Enforce restrictions on nighttime
operations; optimize takeoff thrust
and landing paths to minimize
exposure.

10% lower fuel consumption and

Invest in sustainable aviation fuel (SAF)

Grquqd Emls s1ons pr 1mgr1'1 y from 30% reduction in NOx emissions  infrastructure; transition to electric or
Emissions taxiing, engine idling, . .
(NOx, CO») and refueling activities compared to older models hybrid ground support equipment
’ (Ramakrishnan, 2024) (GSE) to reduce emissions.
. . Moderate impact from GE9X engines emit significantly ~ Implement air quality monitoring
Air Quality o . . . .
(CO2, PM) current ground activities lower CO., improving air quality =~ systems and promote the use of SAF
' and aircraft operations compared to earlier models to reduce ground-level pollutants.
o . No direct increase due to 777X- Install spill containment systems and
Fuel and Potential risk of spills . . . .
. ) . specific requirements, but higher ensure proper drainage; conduct
Chemical during refueling and : i :
. operational traffic may pose a regular inspections of fuel storage and
Runoff maintenance . .
greater risk handling areas.
, . . Collaborate with airlines to expand
Sustainability Minimal SAF usage and The 7.77XS fugl efﬁmency ahg'r}s SAF usage and integrate carbon offset
- with international sustainability .
Programs limited offset programs programs to achieve long-term

goals (CORSIA)

environmental sustainability goals.

Clark’s existing noise monitoring systems are limited in coverage and may not adequately track impacts on nearby
communities. Upgrading to real-time noise tracking systems, establishing buffer zones, restricting nighttime
operations, and optimizing flight paths could mitigate these concerns (Abeyratne, 2003; Agarwal, 2009). As shown
in Fig. 9, the noise contour zones extend up to 2 kilometers from the runway, with noise levels of 90 dB and 85 dB
affecting both residential and industrial areas. These findings underscore the need for implementing upgraded
noise monitoring systems and optimized flight paths to protect community health and comply with ICAO Chapter
14 standards (Bugayko et al., 2022; International Civil Aviation Organization, 2017).

| == Noise Contours
L

Fig. 9. Noise contour map of Clark International Airport shoWing 2 km, 90 dB, and 85 dB impact zones,
highlighting nearby residential and industrial areas within the affected range
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Regarding air quality, the 777X achieves approximately 10% lower fuel consumption and 30% lower NO, emissions
compared to its predecessor, contributing to cleaner operations and lower environmental impact (Boeing, 2023;
Yang, 2024). However, emissions during taxiing, idling, and refueling continue to pose localized pollution risks,
particularly in high-traffic operational zones. To address this, transitioning to sustainable aviation fuel (SAF),
adopting electric or hybrid ground support equipment (GSE), and installing air quality monitoring systems in
critical areas are essential steps in reducing Clark International Airport’s carbon footprint. These strategies align
with international sustainability objectives and carbon offset mechanisms such as ICAO’s Carbon Offsetting and
Reduction Scheme for International Aviation (CORSIA) (Bugayko et al., 2022; Pavlenko & Kharina, 2018).

Additionally, increased operational traffic heightens the risk of hydrocarbon and chemical runoff, especially during
aircraft refueling and maintenance activities. To mitigate this, Clark must invest in advanced spill containment
systems, efficient drainage infrastructure, and rigorous environmental inspection protocols (Agarwal, 2009).
Collaboration with partner airlines to scale up the use of Sustainable Aviation Fuel (SAF) and implement carbon
offset programs would further enhance environmental performance and institutionalize best practices in
sustainable airport management (Durdina et al., 2021; Yang, 2024).

In summary, while the Boeing 777X offers significant environmental advantages, Clark International Airport must
implement targeted mitigation strategies—including noise and emissions control, SAF integration, electric Ground
Support Equipment (GSE) adoption, and runoff management—to maximize sustainability outcomes and
operational readiness for next-generation aircraft operations (Bergesen et al., 1998; Abeyratne, 2003).

3.5. Ground Handling and Turnaround Time Efficiency

In Table 4, efficient ground handling and quick turnaround times are crucial for optimizing airport operations and
maximizing profitability, particularly for next-generation wide-body aircraft such as the Boeing 777X (Horstmeier
& Haan, 2001; Tabares & Mora-Camino, 2017). The assessment of Clark International Airport identifies key
challenges in refueling, baggage and cargo handling, passenger boarding, and the availability of ground support
equipment (GSE). A limited number of fuel trucks may lead to delays, especially during peak periods. Expanding
the fleet with high-capacity fuel trucks and implementing simultaneous refueling techniques would improve
efficiency and reduce turnaround times. Baggage and cargo handling also face delays due to outdated systems
and manual processing. Upgrading to automated loaders and training personnel would streamline operations and
reduce human error (Saggar et al., 2021).

Table 4. Ground Handling and Turnaround Time Efficiency for Boeing 777X Operations at Clark International

Airport
Ground
Handling Current Status Potential Bottlenecks Recommendations
Aspect
. Ex1§t1ng fuel trgcks are Delays during peak periods due Increase the fleet Qf high-capacity fuel
Refueling designed for wide-body to limited fuel truck capacity and trucks and adopt simultaneous
Operations  aircraft, but limited in pacity refueling methods to optimize

availability

turnaround time

scheduling.

Baggage and

The current baggage
handling system supports

Slow baggage /cargo loading due
to outdated equipment and

Upgrade to automated cargo loaders
and baggage handling systems, and

Ecil;%?n wide-body aircraft, but the limited automated train personnel to minimize handling
8 equipment is aging. loading /unloading systems time.
Passenger Current gates Longer boarding times due to Add dual boarding bridges at key gates
Boarding accommodate wide-body  insufficient gates and a lack of and reconfigure gates to facilitate
and aircraft, but are limited to ~ dual boarding systems for high-  simultaneous boarding and deplaning
Deplaning dual boarding bridges. capacity aircraft operations.
Ground lel‘FeQ availability of Delays due to shared equipment Invest in hl'gh—capacny GSE, including
Support specialized GSE for the ; . . . tugs, catering trucks, and cargo loaders
: . and insufficient high-capacity . . .
Equipment  777X’s increased cargo and . . specifically designed for wide-body
ground handling vehicles .
(GSE) passenger load aircraft.
Apron Limited apron space for Delays in parking, refueling, and  Expand apron space and redesign
Crc))nges tion multiple wide-body servicing due to congestion and  parking layouts to optimize movement

aircraft during peak hours

inefficient parking layouts

and simultaneous operations.
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Passenger boarding and deplaning are hindered by a shortage of dual-boarding bridges, resulting in congestion
and inefficient passenger flow. Adding these bridges and optimizing gate configurations would significantly
improve turnaround times and passenger experience (Schultz, 2018). Ground support equipment shortages
further contribute to inefficiencies, as the 777X requires specialized tugs, catering trucks, and cargo loaders.
Investing in dedicated and automated GSE for wide-body operations would minimize delays and align with
international best practices in aircraft servicing (Tabares & Mora-Camino, 2017; Sheibani, 2020). Additionally,
apron congestion restricts aircraft movement during peak periods. Expanding apron space and redesigning
parking layouts would alleviate bottlenecks and improve operational flow, particularly in high-traffic zones.

In conclusion, while Clark International Airport can technically accommodate the 777X, strategic upgrades in
refueling systems, ground support equipment, baggage handling automation, and gate infrastructure are essential
to enhance efficiency and position Clark as a competitive regional hub for wide-body aircraft operations (Schultz,
2017; Saggar et al., 2021).

3.6. Economic Feasibility Analysis

According to (Table 5), the Boeing 777X offers significant economic potential for Clark International Airport,
resulting in operational cost savings, increased passenger capacity, and enhanced cargo revenue. With 10% lower
fuel consumption enabled by GE9X engines and lightweight composite materials, the aircraft reduces fuel
expenses, particularly for long-haul operations (Boeing, 2023; Foust et al., 2012). Optimizing turnaround times and
streamlining ground handling will further enhance cost efficiency (Horstmeier & Haan, 2001; Schultz, 2017). The
777X is improved aerodynamics and engine performance make it an attractive airline option, allowing for reduced
operational costs per kilometer flown. Encouraging its deployment on high-capacity routes could position Clark
as a hub for fuel-efficient operations (Frediani et al., 2019; Bravo-Mosquera et al., 2022).

With a passenger capacity of approximately 384 in a two-class configuration, the 777X offers higher revenue
opportunities for long-haul flights. Clark’s strategic location and lower congestion than other regional hubs make
it a competitive hub for attracting international carriers (Chang et al., 2020; Homsombat et al., 2011). Expanding
route development programs and marketing efforts can further boost passenger traffic and airport revenue. The
aircraft’s larger cargo hold also presents an opportunity for increased cargo throughput. By partnering with
logistics companies and cargo operators, Clark can capitalize on the growing demand for air cargo, particularly
for perishable and time-sensitive goods (Srisook & Panjakajornsak, 2018).

To quantify these economic benefits, a cost-benefit analysis reveals that while infrastructure upgrades—including
improvements to the runway, taxiways, apron, and gates—will incur substantial capital expenditures, these costs
are offset over time by increased passenger traffic, enhanced cargo capacity, and reduced operational expenses.
The potential for higher airport revenue and airline efficiency suggests a favorable return on investment (Bardai
et al.,, 2017; Huynh et al., 2020). Additionally, the adoption of the 777X can stimulate job creation, both directly and
indirectly. Direct employment opportunities include technical and operational roles such as aircraft handling,
maintenance, and security. Indirectly, increased passenger and cargo flows can support ancillary industries,
including tourism, retail, catering, and logistics, contributing to broader economic stimulation (Srisook &
Panjakajornsak, 2017; Homsombat et al., 2011).

Moreover, the long-term deployment of wide-body aircraft, such as the 777X, supports regional development by
positioning Clark as a key aviation gateway in Central Luzon. Enhanced connectivity may attract further
investments in business parks, logistics hubs, and hospitality services. This aligns with the Philippines’ broader
infrastructure and economic decentralization goals, reinforcing Clark’s role in national development
(Disimulacion, 2021; Llanto, 2016). Government and private sector partnerships can help secure the necessary
funding, ensuring the airport’s long-term sustainability and profitability (Cruz et al., 2018; Fahriza et al., 2021).

Overall, the 777X can drive substantial economic growth for Clark International Airport, strengthening its position
as a key regional and international aviation hub while delivering measurable socio-economic benefits across the
region.
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Table 5. Economic Feasibility Analysis for Boeing 777X Operations at Clark International Airport

Economic

Factor Current Status Boeing 777X Impact Recommendations
Refueling, maintenance, and A 10% reduction in fuel Optimize ground operations to
Operational ground handling operations consumption lowers overall further reduce costs by
Costs account for the majority of operational costs, particularly on minimizing turnaround delays

current costs. long-haul routes (Boeing, n.d.). and idle time.
Boeing 777X offers significant
Fuel Efficiency Existing aircraft (e.g., 777-300ER) savings due to GE9X engines,

Encourage airlines to adopt the
777X for high-capacity routes to

Savings provide moderate fuel efficiency lightweight composite materials, . .
A . maximize fuel cost reductions.
and optimized aerodynamics
Incr i 4 Expand marketing and r
Passenger Moderate passenger growth creased | capac .ty (38 pand marketing and route
: . passengers in a typical 2-class development to attract
Revenue based on current flight capacity . ) . .
. . configuration) offers revenue international carriers and boost
Potential and regional demand .
potential from long-haul routes. passenger traffic.

Develop partnerships  with

Larger cargo hold of the 777X cargo operators and logistics

Cargo Revenue Limited cargo operations with . .
8 80 op provides opportunities for

Potential existing aircraft : companies to maximize cargo
increased cargo revenue. e
utilization.
. . Secure government and private
. L . Upfront investments are required, .
Initial Significant  investments are : funding to finance
. but long-term benefits include . .
Infrastructure  needed for runway, taxiway, . . . infrastructure  improvements
. higher operational efficiency and .
Investment apron, and gate improvements. and long-term operational

i ffic.
increased traffic benefits.

4. Conclusion

This study assessed the operational feasibility of the Boeing 777X at Clark International Airport by evaluating
critical areas, including infrastructure compatibility, environmental impact, ground handling efficiency, and
economic viability. The findings indicate that while Clark possesses a foundational infrastructure capable of
supporting wide-body aircraft, it requires targeted upgrades to accommodate the specific operational demands
of the Boeing 777X and similar next-generation aircraft. Notably, the airport’s 3,200-meter runway meets the
aircraft’s takeoff and landing requirements; however, the existing Pavement Classification Number (PCN) must be
enhanced to support the aircraft’s maximum takeoff weight (MTOW) of 351,500 kg, thereby preventing long-term
structural degradation. Additionally, while current taxiway dimensions meet folded wingspan requirements,
further expansions and turning radius enhancements are necessary for the 777X’s extended wingspan operations.

The environmental analysis underscored the 777X’s technological advancements in reducing noise and emissions,
yet identified that Clark’s existing monitoring systems and sustainability programs are not fully equipped to handle
increased operational demands. Upgrades to real-time noise tracking, Sustainable Aviation Fuel (SAF)
infrastructure expansion, and advanced air quality monitoring systems are recommended to align with ICAO and
CORSIA goals. Furthermore, operational bottlenecks in refueling, baggage and cargo handling, and passenger
boarding were identified, primarily due to the limited availability of high-capacity Ground Support Equipment
(GSE) and single-boarding configurations. Investment in modern GSE, dual-boarding bridges, and automated
systems is essential for reducing turnaround time and improving airport throughput. Economically, while the 777X
presents opportunities for cost savings and revenue growth, primarily through increased capacity and fuel
efficiency, these benefits hinge on substantial infrastructure investments.

This study provides a roadmap for infrastructure and policy development, offering stakeholders—airport
authorities, civil aviation regulators, and airline operators—concrete data to support phased investments and
strategic decision-making. Implementing the proposed upgrades will enhance Clark’s ability to handle the 777X
and strengthen its competitiveness as a regional aviation hub capable of accommodating future generations of
aircraft.

For future research, several avenues are recommended. Passenger experience and terminal processing capacity
should be examined, particularly under high-volume wide-body aircraft scenarios. Comparative studies between
Clark and other Southeast Asian hubs can yield insights into competitive positioning and best practices.
Additionally, modeling long-term economic scenarios, including return on investment (ROI) timelines for
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infrastructure upgrades, could support financing and policy advocacy. Investigations into regulatory readiness
and alignment with international certification standards for newer aircraft technologies are also worth exploring.
In sum, this research is a foundational study that bridges the gap between advanced aircraft design and regional
airport preparedness, offering academic value and actionable guidance for infrastructure modernization and
aviation sustainability.

4.1. Practical Recommendations

To accommodate the Boeing 777X and enhance operational efficiency, Clark International Airport must undertake
critical infrastructure upgrades. This includes reinforcing the runway pavement to withstand the aircraft’s higher
maximum takeoff weight, widening taxiways to accommodate its larger wingspan, and expanding apron space to
facilitate simultaneous operations of wide-body aircraft. These modifications will ensure that the airport meets
the necessary safety and operational standards required for next-generation aircraft. In addition to airside
improvements, investments in ground support and terminal facilities are essential. Procuring specialized ground
support equipment (GSE) tailored to the 777X, implementing dual boarding bridges for faster passenger
embarkation and disembarkation, and upgrading automated baggage handling systems will streamline ground
handling and turnaround times. These enhancements will improve efficiency, reduce delays, and support the
growing demand for international flights at Clark.

Environmental considerations must also be prioritized to align with sustainability goals and regulatory
compliance. Expanding noise monitoring systems will enable a more comprehensive assessment and mitigation
of aircraft noise in surrounding communities. Encouraging the use of sustainable aviation fuel (SAF) will contribute
to reducing carbon emissions, while improving drainage systems and spill containment measures will enhance
environmental protection and operational safety. From an economic perspective, securing financial support
through public-private partnerships will be crucial in funding these necessary upgrades. Engaging government
and private sector stakeholders in infrastructure development will ease financial burdens and stimulate growth
by attracting international carriers and expanding route networks. These efforts will drive economic benefits and
strengthen Clark’s position as a key aviation hub. In conclusion, Clark International Airport has the potential to
serve as a regional hub for next-generation aircraft, such as the Boeing 777X, provided that these strategic
improvements are implemented. Enhancing infrastructure, optimizing ground operations, adopting sustainable
practices, and ensuring financial viability will guarantee operational readiness and elevate the airport’s
competitiveness in regional and international aviation markets.
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