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This thesis examines the competitiveness and operational strategies of Hong Kong
International Airport (HKIA), a leading global air cargo hub, focusing on technological
innovation,multi-stakeholder collaboration,and sustainable development. Using a mixed-
methods approach,including structural equation modeling,data envelopment analysis,
and case studies,the research dissects how HKIA maintains its competitive edge amid
evolving global logistics challenges.

HKIA’s core strengths lie in its “intelligent processing triangle’—automated sorting
systems,blockchain-driven customs clearance , and Al demand forecasting —which
together enhance freight processing efficiency by 35% and reduce unit energy
consumption by 18%. The airport’s collaborative ecosystem, involving partners like Hong
Kong Air Cargo Terminals Limited (HACTL) and Cathay Pacific, optimizes resource
utilization and network resilience,with Greater Bay Area cooperation shortening cross-
border time by 25% and boosting regional cargo throughput to 65% of total volume.

Despite these advantages, HKIA faces challenges in achieving its 2035 carbon neutrality
target, with current unit carbon emissions at 6.2 tons CO, /ton (vs. 5.0 tons target). Key
obstacles include the high cost of sustainable aviation fuel and policy compliance risks
from the EU Carbon Border Tax. The study proposes strategies such as local SAF
supply chain development, regional green standardization, and a three-level carbon

pricing mechanism to balance efficiency and emission reduction.

The research contributes theoretically by integrating “technological innovation multiplier
effect” and “collaborative network density” into the airport competitiveness framework,
and practically by offering a “Hong Kong paradigm” for global hubs to adopt “efficient,
collaborative, and green” transformations. Findings highlight the critical role of adaptive
technology and ecosystem resilience in shaping the future of air cargo logistics.

Keyword: Hong Kong International Airport; Air Cargo; Technological Innovation;
Operations Management; Sustainable Development; Market Competitiveness
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1 Introduction

In an era of globalization, air cargo logistics has emerged as a critical backbone for
international trade, enabling the rapid movement of high-value, time-sensitive goods such as
electronics, pharmaceuticals, and e-commerce merchandise. As the world’s economy
becomes increasingly interconnected, aviation hubs play a pivotal role in facilitating supply
chain efficiency, driving regional economic growth, and supporting global business networks.
Among these, the Hong Kong International Airport (HKIA) stands out as a paradigmatic model
of operational excellence, technological innovation, and adaptive service design, consistently
ranking among the world’s busiest air cargo hubs.

HKIA’s ascendancy to global prominence is rooted in its ability to address the evolving
challenges of modern logistics—including escalating demand for speed, precision, and
sustainability—through a combination of infrastructure investment, digital transformation, and
strategic partnerships. With an annual cargo throughput exceeding 5 million metric tons and a
network spanning 220 destinations worldwide, the airport serves as a vital nexus for
transshipment, connecting Asia to key markets in Europe, the Americas, and beyond within
tight timeframes (e.g., 3 hours to major Asian economies, 8 hours to core European and
American markets). Its success is not merely a function of scale but of its capacity to integrate
advanced technologies—such as digital twin warehousing systems, blockchain-driven customs
clearance, and drone-aided last-mile logistics—with customer-centric services tailored to
industries ranging from high-end manufacturing to perishable food logistics.

However, despite its acknowledged leadership, HKIA’s operational model raises important
questions for academic inquiry: How do technological innovations and service customization
enhance the competitiveness of air cargo hubs in an era of intensifying global competition? To
what extent do sustainability initiatives, such as electrified ground operations and paperless
documentation, contribute to both environmental stewardship and operational efficiency? And
how does the airport’s strategic alignment with logistics partners (e.g., DHL, FedEx, Cathay
Pacific) and regional ecosystems (e.g., the Greater Bay Area) shape its role as a facilitator of
global trade?

This paper examines HKIA'’s core business and service framework, focusing on three
interrelated dimensions: (1) operational efficiency through automation and smart logistics, (2)
technological integration for value-added services, and (3) sustainable practices in cargo
management. By analyzing empirical data—including throughput metrics, technology adoption
rates, and environmental performance indicators—the study seeks to uncover the mechanisms



through which HKIA has maintained its position as a leading air cargo hub. Additionally, it
explores the broader implications of HKIA’s model for other airports striving to balance
innovation, sustainability, and customer demands in an increasingly complex global logistics
landscape.

Against the backdrop of post-pandemic recovery and the upcoming expansion of HKIA’s three-
runway system (scheduled to boost cargo capacity to 10 million metric tons by 2035), this
research contributes to both theoretical understandings of aviation hub competitiveness and
practical insights for policy-makers, industry stakeholders, and academic scholars. By
dissecting HKIA’s strategies, the study underscores the critical role of adaptive service design
and technological foresight in shaping the future of air cargo logistics, offering a benchmark for
excellence in an industry defined by speed, precision, and sustainability.

1.1 Background of the topic

As the world's number one international freight hub for 27 consecutive years, Hong Kong
International Airport (HKIA) (cargo and mail throughput reached 4.332 million tons in 2023,
Airport Authority Hong Kong, 2023), its core competitiveness is facing global competition. The
dual challenges of the dramatic change in the situation and the technological revolution. In the
Asia-Pacific region, Singapore Changi Airport (with a new processing capacity of 1 million
tons in 2025) and Shanghai Pudong Airport (with a cargo volume of 3.44 million tons in 2023,
relying on the policy advantages of the Free Trade Zone) continue to divert and transit goods
through facility expansion and policy dividends; under the transformation of global trade
structure, cross-border e-commerce has given rise to The demand for "small-batch high-
frequency" transportation (the handling volume of e-commerce goods in 2023 is 850,000 tons,
a year-on-year increase of 32%) and the strict requirements of the high-end manufacturing
industry for accurate logistics (such as the limitation error of electronic products transportation
needs to be controlled at +5%), forcing the airport to break through the traditional operation
paradigm. What's more severe is that the 2050 net zero carbon emission target set by the
International Air Transport Association (IATA) requires the carbon emission intensity of airport
unit cargo handling to be further reduced from 6.2 tons of CO2/tons to 5.0 tons in 2023
(Environmental Protecti On Department of Hong Kong, 2023), this put forward a new
requirement of "efficiency and green two-wheel drive" for air cargo hubs that rely on efficient
operation.

Against this background, HKIA's competitive advantages - the three-runway system (reduced
by 620,000 flights per year), intelligent logistics facilities (automatic sorting efficiency of 12,000



pieces/hour) and the location advantage of the Greater Bay Area - are facing a deep test:
although the blockchain electronic waybill shortens the customs clearance time by 90%, the
cross-main data The standardized bottleneck of sharing has not been broken through;
although the collaborative mechanism with Cathay Pacific and Hong Kong Air Cargo Terminal
(HACTL) has improved the efficiency of cargo transshipment, how to build a multi-subject
resilience ecology covering "government-airport-enterprise-science and technology
institutions" still needs to be solved; Although the pilot of physical fuel (the proportion of use in
2023 is only 5%) and the construction of photovoltaic power plants (accounting for 15% of
annual power generation) have started a green transformation, there is still a big gap from the
goal of carbon neutrality. The competition of global air cargo hubs has shifted from a single
infrastructure competition to a three-dimensional competition of "technological innovation
driving efficiency improvement, multi-subject collaborative construction of ecological resilience,
and green transformation to meet global compliance". In this context, this study aims to
answer the following core questions 1. How can HKIA's technological innovation (such as
blockchain and automated sorting) improve freight efficiency and customer satisfaction? What
is the impact of the collaborative mechanism of multi-cargo entities (HACTL, Cathay Pacific)
on the overall competitiveness of the airport? Under the goal of carbon neutrality, how can
HKIA balance efficiency improvement and carbon emission control?

1.2 Research Objectives

Focusing on the above core issues, the research aims to carry out in-depth analysis from the
three dimensions of technological innovation efficiency, multi-subject collaborative mechanism,
and carbon neutrality and balance strategy. The specific objectives are as follows:

The mechanism of technological innovation to improve efficiency and satisfaction

Quantitative analysis of how blockchain, automated sorting, Al demand forecasting and other
technologies reconstruct the freight process: through HACTL operation data, reveal how the
automated sorting system (processing efficiency increased by 35% and sorting accuracy of
99.8%) can shorten the cargo processing time; based on the customer research of Cathay
Pacific freight station, evaluate Blockchain electronic waybill (customs clearance time
compressed to 24 minutes) has the effect of improving transportation compliance and
customer satisfaction for high-value goods (electronic products account for 35%, biomedical
temperature control compliance rate 99.2%) (for example, the complaint rate decreased by
65%). At the same time, identify the marginal costs and potential risks in technology



applications, such as the impact of initial investment in smart devices on the return on
investment (HKIA Technology White Paper, 2023).

The Competitiveness Empowerment Effect Of Multi-Subject Collaboration

Deconstruct the value-creating mechanism of the "airport-airline-logistics-government"
collaborative network: with the Super No. 1 freight station jointly built with HACTL (automated
sorting capacity 12,000 pieces/hour), and the "pasenger-to-cargo" dynamic allocation system
with Cathay Pacific (the belly cabin utilization rate will be increased to 85% in 2023) As an
example, the airport center cooperating with the Dongguan Municipal Government (shortening
the cross-border time by 25%), the quantitative coordination mechanism has improved the
overall competitiveness of the airport, including the consolidation of market share (82% of
international freight), the efficiency of cost-sharing (the cost of small and medium-sized
enterprises decreased by 18%) and the enhancement of network resilience (depidemic period
The fluctuation of freight volume is 20% lower than that of its peers). Combined with complex
network theory, evaluate the role weight of partners in technology research and development
(such as the intelligent logistics class of Hong Kong Polytechnic University) and policy
implementation (such as mutual recognition of customs clearance standards in the Greater

Bay Area), and build a collaborative efficiency evaluation model.

Efficiency and emission balance path under the goal of carbon neutrality

Analyze the balance strategy between HKIA's scale expansion (the processing capacity of the
three-runway system will reach 10 million tons in 2035) and carbon emission reduction: based
on the airport sustainable development report, analyze the promotion of biofuels (30% of the
target in 2030) and the expansion of photovoltaic power plants (120 million kilowatt-hours of
annual power generation) , the impact of the popularization of electric freight vehicles (65%
have been electrified) on the intensity of carbon emissions, quantifying the synergy effect of
green technology and operational efficiency (such as a 18% decrease in energy consumption
per unit of goods). At the same time, we will study how the "green freight label" (attracting
45% of multinational enterprises ESG procurement) and carbon pricing mechanism (levying
100 Hong Kong dollars/ton of carbon tax on high-emission enterprises) can form a virtuous
cycle of environmental compliance and commercial feasibility, and provide reference for
emission reduction paths for hub airports in the Asia-Pacific region.

1.3 Significance of research



Theoretical Contribution: Expanding the Theoretical Boundaries of the
Competitiveness of Air Cargo Hubs

Break through the traditional "location + facilities" analysis framework, and for the first time,
"technological innovation multiplier effect" (such as blockchain improves customs clearance
efficiency by 90%, corresponding to customer satisfaction by 22%) and "multi-subject
collaborative network density" (such as for every 10% increase in Greater Bay Area
cooperation projects, cargo processing volume increases by 8%) into competitiveness. Model,
enrich the cross-application of airport agility theory (Hong et al., 2025) and sustainable supply
chain theory. Through empirical data, it reveals the quantitative impact of technology
penetration (such as Internet of Things tracking covering 100% of high-value goods) and
coordination closeness (such as the Asia-Pacific transshipment center co-built with DHL
covering 220 destinations) on the competitiveness of the hub, providing theoretical support for
the three-dimensional analysis framework of "technology-ecology-sustainability".

Practical value: providing the "Hong Kong paradigm™ for the transformation of global
hubs

The research results directly serve HKIA's strategic decision-making: provide a basis for the
priority of technology investment (such as the planned investment of 500 million Hong Kong
dollars to upgrade the Al forecast model in 2024), and provide reference for the collaborative
policy design of the Greater Bay Area (such as promoting the mutual recognition of the
standard of "one customs clearance, global access"). For global hubs, the "technology
application cost-benefit ratio" (such as automatic sorting saving 120 man-hours per ton),
"multi-subject collaborative risk-sharing mechanism" (such as UAV distribution insurance
scheme) and "carbon-technology combination” (biofuel + photovoltaic + electrification)
revealed by research can be used as Bangkok Action guidelines for improving
competitiveness such as Wanap, Dubai International Airport, etc. promote the transformation
of the industry to "efficient, collaborative and green".

1.4 Research content and methods

The dimension of technological innovation: from single-point breakthrough to system
integration



Based on the HKIA annual report and HACTL desensitization data, the optimization effect of
quantitative automated sorting (efficiency improvement by 35%), blockchain customs
clearance (error rate reduced to 0.2%) and Al demand forecasting (error + 5%) on the whole
process of cargo processing, compared with the technical requirements of Singapore Changi
and Shanghai Pudong Airport Use differences.

Through enterprise research and satisfaction model, analyze how technological innovation
affects the decision-making of different customer groups (high-value goods customers, e-
commerce customers, manufacturing customers). For example, intelligent temperature-
controlled warehouses increase the compliance rate of biomedical transportation to 99.2%,
which directly promotes long-term cooperation between Pfizer and other enterprises (HKIA
customer adjustment Research, 2023).

Multi-subject collaborative dimension: building a resilient ecological network

Deconstructing capacity sharing with Cathay Pacific (22% increase in belly cargo revenue in
2023), co-construction with DHL's intelligent warehousing (compressed e-commerce small
package processing time to 1.5 hours), joint research and development with the Hong Kong
University of Science and Technology (quantum computing optimization algorithm increases
the route density by 10%), and evaluate different subjects The degree of collaborative
contribution at the level of resources, technology and policy.

Take Dongguan Airport Center (350,000 tons of cargo processing in 2023) and Shenzhen UAV
joint transportation pilot (short-distance transportation cost reduced by 40%) as examples, it is
revealed how "hub-hinterland" collaboration can break through geographical restrictions and
form a new logistics paradigm of "front customs clearance + intelligent connection" in the
Greater Bay Area.

Carbon Neutrality Dimension: Dynamic Balance of Efficiency and Emission

Green technology landing path: analyze the emission reduction contribution of photovoltaic
power plants (accounting for 15% of airport energy consumption), biofuel pilots (currently 5%),
and electric vehicles (65%), combine the life cycle cost model (Lam et al., 2018), and put
forward a "technical reduction” in line with the characteristics of Asian hubs. Row +
Management Optimization" combination strategy.



Policy and market-driven: Study the inversion and incentive effects of the EU carbon border
tax and the green subsidies of the Hong Kong SAR government on airport emission reduction,
evaluate the attractiveness of "green cargo certification" to high-end customers (such as the
annual increase of Apple's ESG-related freight volume by 28%), and build a symbiotic model
of compliance and commercial value.

1.5 Thesis structure and coverage matrix

Chapter 1 Clarifies The Background, Goals, Significance And Methods Of Research, And
Puts Forward Three Core Issues: The Mechanism Of Technological Innovation To Improve
Efficiency And Satisfaction, The Competitiveness Empowerment Effect Of Multi-Subject
Collaboration, And The Efficiency And Emission Balance Path Under The Goal Of Carbon
Neutrality. Build the research main line of "technological innovation — multi-subject
collaboration — sustainable competitiveness" and lay the logical foundation of the full text.
Chapter 2 analyzes HKIA's geographical location (core hub of the Greater Bay Area),
infrastructure (three-runway system, intelligent cargo station), operation mode (government
supervision and market coordination), and integrates core competitiveness theory, agile
airport model, green supply chain theory, etc. to build a multi-dimensional theoretical analysis
framework. Chapter 3 adopts the hybrid research paradigm to build a three-dimensional data
system of "airport subject-partner-industry benchmark", and uses quantitative and qualitative
methods such as structural equation model (SEM), data envelope analysis (DEA), and case
analysis to ensure the scientificity and credibility of the research. Chapter 4 empirically from
the three aspects of technology-driven (automated sorting, blockchain customs clearance, Al
prediction), multi-subject collaboration (HACTL, Cathay Pacific cooperation), green
transformation (biofuel, photovoltaic energy), quantitative technological innovation to improve
efficiency (processing efficiency 1 35%), collaborative mechanism to competition
Empowerment (resource utilization rate 1 18%) and carbon neutrality challenge (carbon
emission intensity 6.2 tons/ton). Chapter 5 compares the competitiveness differences of Asia-
Pacific hubs (Changi, Pudong, Incheon), analyzes alternative threats such as drone freight
and intelligent shipping, and puts forward the sustainable development path of "technical
integration + regional collaboration + standard guidance", including SAF supply chain
localization, Greater Bay Area virtual cargo station network, green freight certification, etc.
Strategy. Chapter 6 summarizes the research conclusions, distills the core advantages and
challenges of HKIA, puts forward policy suggestions from the three aspects of technical
integration, regional coordination, carbon neutrality and transformation, and clarifies the future
research direction to provide reference for global air cargo hubs.



Coverage matrix

Key element

Specific content

Distribution of the chapters
of the thesis

Research questions

1. How can technological
innovation improve freight
efficiency and customer
satisfaction? 2. How can the
multi-subject collaboration
mechanism empower airport
competitiveness? 3. How to
balance efficiency and carbon
emissions under the goal of
carbon neutrality?

1.1 Research Background 1.2
Research Objectives 4.1-4.3
Empirical Analysis

Theoretical framework

1. Core Competitiveness
Theory (Prahalad & Hamel,
1990): Technical Barriers
(Blockchain, Automated
Sorting) and Resource
Integration (Multi-Subject
Collaboration) 2. Agile Airport
Model (Slack, 2001/2007):
Technology-driven response
speed and resource flexibility
3. Green Supply Chain Theory
(Christopher & Peck, 2016):
Whole Chain Carbon Footprint
Management 4. Porter's five-
force model (Porter, 1985):
Structured analysis of the
competitive environment

2.3 Market Competitiveness
Analysis Framework

Research methods

Quantitative method: Structural
equation model (SEM): Verify
the impact path of
technological innovation on
efficiency and satisfaction Data
envelope analysis (DEA):
Evaluate green efficiency and

3.1 Research Design 3.2 Data
Collection 3.3 Analysis Method
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carbon emission intensity
Multivariate regression
analysis: Test the impact of
multi-subject collaboration on
competitiveness Qualitative
method: Case analysis:
Deconstructing the
collaboration model of HACTL
and Cathay Pacific
Comparative research: Asia-
Pacific hub competitiveness
matrix and policy comparison -
Rooting theory: Semi-
structured interview
identification of collaboration
obstacles and key success
factors Data source: Airport
official data (annual report,
technical white paper) Partner
data (HACTL, Cathay Pacific
desensitization data) Industry
benchmark data (IATA, ACI
report)

Research results

Technology-driven efficiency
improvement: Automated
sorting efficiency is improved
by 35%, and the error rate is
reduced to 1.2 cases/10,000
batches Blockchain customs
clearance time is shortened by
90%, and compliance costs are
saved by 50 million Hong Kong
dollars/year Al prediction error
rate is £5%, and the peak
processing efficiency is
improved by 35% 2 Multi
subject collaboration results:
Cathay Pacific's belly cabin

4.1-4.3 Empirical Analysis 6.1
Research Conclusion 6.2
Policy Recommendations
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utilization rate increased to
85%, and the resource
utilization rate increased by
18% The cross-border time in
the Greater Bay Area was
shortened by 25%, forming a
logistics paradigm of "front
store and warehouse after
warehouse" 3. Challenges and
strategies for green
transformation: The intensity of
carbon emissions per unit is
6.2 tons/tons, which needs to
be reduced to 5.0 tons (2035
target) Biofuels (SAF) target
30% (2030), and a localized
supply chain needs to be built
Propose a combination of
"technical emission reduction +
management optimization"
Strategy (photovoltaic +
electrification + carbon pricing)
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2 Overview and theoretical basis of Hong Kong International Airport

Through the in-depth analysis of geographical location, institutional analysis of operation

mode and multidimensional integration of theoretical framework, this chapter lays the practical
foundation and theoretical support for subsequent empirical analysis, and clarifies "technology,
coordination and green" as the core dimensions of competitiveness analysis.

2.1 Geographical location and infrastructure

Hong Kong International Airport (HKIA) is located in the Red Rip Point on the east side of the
Pearl River Estuary, 22°18' north latitude and 113°40’ east longitude, occupying the key node
of the "Belt and Road" initiative, adjacent to the world's largest manufacturing cluster - the
Pearl River Delta (GDP exceeds 1.8 trillion US dollars, 2023), forming "3 The hourly economic
circle radiates 80% of the export goods in South China (National Bureau of Statistics, 2024).
Its geographical advantages are reflected in three aspects:

Sea, land and air transportation hub: through the Hong Kong-Zhuhai-Macao Bridge (40
minutes direct to Zhuhai), Shenzhen Bay Port (25 minutes direct to Shenzhen) and
Guangzhou-Shenzhen-Hong Kong high-speed railway (48 minutes to Guangzhou),
seamlessly connecting the economic hinterland of the Greater Bay Area with a population of
120 million and an output value of 8.6 trillion RMB (HKIA, 2023a). In 2023, goods from the
Pearl River Delta accounted for 65% of the airport cargo volume, among which Shenzhen
electronics manufacturing industry (accounting for 35% of national exports) and Dongguan
furniture industry (accounting for 12% of global exports) were the core sources of cargo flow
(China Customs, 2024).

International route network hub: As one of the busiest cargo airports in the world (4.332 million
tons of cargo and mail throughput in 2023, ACI World, 2024), HKIA operates regular flights to
220 destinations, covering 98% of the world's economies, of which European and American
routes account for freight 70% of the value (mainly electronic products and biomedicine),
Southeast Asian routes account for 45% of the cargo volume (mainly e-commerce small
packages and fresh products) (IATA, 2023).

World-class infrastructure support:

12
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Three-runway system: The third runway will be put into operation in 2022, making the annual
take-off and landing capacity of the airport reach 620,000 flights, and the handling capacity of
cargo aircraft will be increased to 10 million tons (fully put into use in 2035). The supporting
"space corridor" will realize the rapid taxiing of cargo aircraft (saving 15 minutes/flight
compared with the traditional route) (HKI A, 2023b);

Freight facility cluster: It has the largest cargo processing network in Asia, including HACTL
Super No. 1 freight station (3.5 million tons of annual processing, 12,000 pieces/hour of
automated sorting efficiency), Cathay Pacific Cargo Center (700,000 tons of temperature-
controlled cargo processing capacity, £0.5°C accuracy), and DHL Central Asia Hub
(processing 800,000 tons per year, and e-commerce goods reach major global markets 24
hours a day) (HACTL, 2024; Cathay Pacific, 2023).

2.2 Operation Management Model: Collaborative Innovation of Government Supervision
and Market-oriented Operation

HKIA adopts a hybrid management model of "airport authority-led + private institution
collaboration". Its institutional design takes into account public attributes and commercial
efficiency. The core characteristics are as follows:

Regulatory framework: professional governance of independent statutory institutions

As a statutory body established by the Airport Authority Ordinance (legislated in 1995), the
Airport Authority of Hong Kong (AAHK) is responsible for airport planning, operation
supervision and infrastructure investment. Its decision-making mechanism follows the balance
of "commercial principles + public interest":

Have financial autonomy. By collecting take-off fees (about 30% of revenue), freight station
rent (25%), and retail catering franchise (20%) to achieve self-financing, the capital
expenditure in 2023 will reach 12 billion Hong Kong dollars, of which 40% will be used for
freight technology upgrading (AAHK, 2023);

Equipped with a policy support system. Relying on the status of Hong Kong's free port and
the advantages of independent tariff areas, the "zero tariff" cargo customs clearance policy is
implemented. The customs clearance time of high-value goods (such as electronic products

13
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and jewelry) is compressed to 24 minutes (3 hours faster than the mainland), attracting 30% of
the world's luxury goods to transit through HKIA (Hong Kong C Ustoms, 2024).

Market-oriented operation: in-depth practice of public-private partnership (PPP)

AAHK introduces private institutions to participate in freight services through franchise
agreements, forming the ecology of "core facilities government control + professional service

market competition":

HACTL (Hong Kong Air Freight Terminal, owned by Huangpu Group) and Cathay Pacific Air
Cargo Center (Cathay Pacific Airlines self-operated) constitute a double oligopoly competition.
The former occupies 74% of the general cargo processing market (2023 data), and the latter
monopolizes 60% of the high-value temperature-controlled goods market. The two sides are
automated sorting (HAC TL) and dynamic capacity allocation (Cathay Pacific) form technical
differentiation competition (Table 2-1);

Technology innovation incentive mechanism: AAHK set up a "freight technology innovation
fund" (an annual budget of HK500 million), subsidizes 30% of enterprises' R&D investment,
promote HACTL to develop the world's first intelligent system to support "sorting and security
inspection” (the efficiency of security inspection is improved by 40%), and Cathay Pacific
deploys blockchain Booking platform (reduce the flow of paper documents by 80%) (AAHK,
2024).

Dimension HACTL Cathay Pacific Cargo | Common
Center characteristics
Equity structure Record Huangpu Cathay Pacific Airlines | Market-oriented
(50%) + foreign (100%) operation, self-for-
investment (50%) profit and loss
Technical Automated sorting, Temperature- All have passed the
advantages intelligent controlled ISO 22000 logistics
warehousing transportation and certification.

dynamic allocation of
transportation capacity

Customer E-commerce small Biomedicine, high-end | Covering the entire

positioning package, general manufacturing (45%) value chain of goods

goods (60%)

14
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Deal with the statute

of limitations

Clearance in 4 hours
(general goods)

2-hour expedited
processing (high-value

All are 30% better than
the industry average

goods)

Multi-stakeholder collaboration mechanism

AAHK established the "Air Cargo Development Committee" to attract government
departments (Customs, Environmental Protection Agency), airlines (Cathay Pacific, FedEx),
and logistics providers (DHL, SF Express) to participate in decision-making. Typical cases:

Cross-border e-commerce customs clearance reform. In 2022, the joint customs launched the
"advance declaration + on-board handling" mode, which compressed the customs clearance
time of e-commerce small packages from 6 hours to 45 minutes, and the processing volume
reached 980,000 tons in 2023 (an annual increase of 22%) (HKIA, 2023c);

A consensus has been reached on green transformation. Signed the Declaration of Carbon
Neutral Action with 15 major freight enterprises, promising to reach 30% of the use of SAF
(sustainable aviation fuel) in 2030, and jointly promote the certification of the first airport-wide
carbon management system in the Asia-Pacific region (ISO 14064-1, 2024).

2.3 Market Competitiveness Analysis Framework

This research integrates four theoretical models to analyze HKIA’'s competitiveness:

Core Competitiveness Theory (Prahalad & Hamel, 1990): Identifying the unique
advantages of HKIA

Theoretical background:The theory points out that the competitive advantage of enterprises
comes from the ability to integrate core competencies - that is, skills or technologies that are
scarce, valuable and difficult to imitate. In the context of air freight hubs, core capabilities are
reflected in technical barriers (such as blockchain, automated sorting) and resource
integration capabilities (such as multi-stakeholder collaboration). Prahalad and Hamel
emphasized that competitive leadership comes from the use of these capabilities to create
customer value and adapt to market changes.

15
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Transforming blockchain (90% improvement in customs clearance efficiency), automated
sorting (processing efficiency 12,000 pieces/hour), and Al prediction (error rate +5%) into
"intelligent processing triangle" constitutes a core technical barrier that distinguishes Changi
(facility expansion-driven) and Pudong (policy dividend-driven) (Hamel & Prahalad, 1994);

Through HACTL's hardware sharing (temperature-controlled warehouse compliance rate of
99.2%) and Cathay Pacific's transportation capacity coordination (85% of belly cabin utilization
rate), it forms a seamless connection of "ground processing-air transportation"”, reducing the
customer's comprehensive logistics cost by 15% (Christopher, 2016), in line with "enterprise
The core competitiveness of the industry comes from the theoretical proposition of
"complementary asset integration".

Agile Airport Model (Slack, 2001): Evaluate the improvement of response speed by
technology

Theoretical background:Slack's framework defines "agile airports" as airports that can
respond quickly to market fluctuations and allocate resources flexibly. The core dimensions
include:

® Response speed: shorten the freight processing time through technology (such as artificial
intelligence demand forecasting).

e Resource flexibility: Adapt to diversified freight types (such as e-commerce small packages
and high-value drugs) through modular infrastructure

The model emphasizes the ability of airports to cope with market changes. The practice of
HKIA is reflected in:

The Al prediction model identifies fluctuations in freight volume 72 hours in advance (such as
a 25% surge in "Double 11", links with HACTL to adjust sorting production capacity, and
allocates the belly capacity of Cathay Pacific, improving the peak processing efficiency by
35%, and the resource utilization rate to 98% (Slack, 2007);

The automated sorting system supports "multi-goods mixed flow processing" (e-commerce
small packages coexist with super-large goods), and the blockchain platform is compatible
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with different logistics provider data formats (EDI, API) to realize "business flexible expansion
under the technical rigid architecture" (Transportation Research Part A, 2022).

Green Supply Chain Theory (Christopher & Peck, 2016): Analysis of the Carbon Neutral
Transformation Path

Theoretical background:The theory emphasizes the inclusion of environmental sustainability
in supply chain operations, focusing on reducing carbon footprint, waste and resource
consumption. For air cargo hubs, this involves:

® Whole-chain carbon management: tracking carbon emissions from cargo handling to flight
operation.

eTechnical coordination: Combine renewable energy (such as photovoltaic power generation)
and operational efficiency (such as electric vehicles) to achieve a "balance between efficiency
and emission reduction".

From the perspective of "environmental cost internalization", HKIA's strategy includes:

Technical emission reduction: Photovoltaic power plants cover 15% of airport electricity
consumption (120 million kilowatt-hours of annual power generation), electric vehicles account
for 65%, and 6.2 tons of CO2/tons per cargo carbon emissions per unit, which is better than
the industry average of 7.5 tons (IATA, 2023);

Management coordination: Promote the "front customs clearance" network in the Greater Bay
Area (the cross-border time of Dongguan-Hong Kong is shortened by 25%), reduce energy
consumption caused by repeated security checks, and meet the theoretical requirements of
"carbon footprint optimization in the whole supply chain" (Govindan et al., 2018).

Porter's five-force model: structured analysis of the competitive environment
Porter's five-force model (Porter, 1985)
Theoretical background:

Five-dimensional frameworks for analyzing industry competition:
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1.New entrants threat: such as emerging Southeast Asian hubs (such as Bangkok
Suvarnabhumi Airport).

2. Supplier bargaining power: such as the control of airlines (Cathay Pacific) and logistics
providers (DHL) over transportation capacity and services.

3. Buyer bargaining power: such as the demand of large cargo owners (such as Apple and
Pfizer) for customized solutions.

4. Alternative service threats: such as drone freight (short-distance high-time-effective goods)
and intelligent shipping (low-time-effective ordinary goods).

5. Existing competitors rivalry: such as Singapore Changi, Shanghai Pudong, Incheon Airport.

Existing competitors include Changi Airport (facility-driven) and Pudong Airport (policy-driven),
which constitute direct competition, forming differentiated barriers through "technical depth"
(automated sorting efficiency) and "network breadth" (number of direct destinations);

Substitutes pose a threat. UAV freight (short-distance high-value cargo) and intelligent
maritime transport (low-time-effective general cargo) need to maintain market share through
"irreplaceable services" (such as temperature-controlled transportation and high-speed
customs clearance);

Improve the bargaining power of suppliers. Relying on Cathay Pacific Airlines (accounting for
80% of the capacity of the ventral cabin) and HACTL (accounting for 74% of the ground
handling), it enhances coordination and stability through "two-way shareholding" (AAHK holds
10% of HACTL);

Improve the bargaining power of buyers: cargo owners are concentrated in DHL, FedEx and
other logistics providers (the top five customers account for 55% of the freight volume), and
improve customer stickiness through the "hierarchical service system" (standardized general
cargo + customized high-value goods);
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In the face of the threat of emerging airports in Southeast Asia (such as Suvarnabhumi in
Bangkok), relying on the "first-mover technology advantage" (blockchain electronic waybills
cover 90% of high-value goods) to build barriers to enter (Porter, 1985).
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3 Research methods and data sources

This chapter builds a three-in-one methodological system of "theoretical framework-data
system-analysis tools": through the explanatory hybrid research paradigm, it integrates
quantitative modeling and qualitative deconstruction to achieve the accurate quantification of
technological innovation efficiency, the in-depth analysis of the multi-subject collaborative
mechanism, and the scientific evaluation of carbon neutrality path; relying on three-
dimensional data networks and triangular verification methods to ensure the reliability and
validity of research; the adaptation of differentiated analysis tools ensures the effective
achievement of the research goals of the three core issues, and lays the methodological
foundation for subsequent empirical analysis and strategic derivation.

"Each method specifically matches research problems: SEM is used for technical causality,
DEA is used for sustainability trade-offs, and case studies are used for collaborative
ecological analysis."

The basis for method selection:

Structural Equation Model (SEM)

Argument: It is used to test the causal relationship between technological innovation (such as
blockchain, automated sorting) and results (efficiency, customer satisfaction). This method is
suitable for complex multivariate relationships and can measure direct and indirect effects
(such as blockchain — customs clearance efficiency — satisfaction).

Data envelope analysis (DEA)

Argument: It is applicable to evaluating "green efficiency" by comparing input variables
(energy consumption, technology investment) and output (freight throughput). It helps to
quantify how Hong Kong airport sustainable initiatives (such as photovoltaics and
electrification) can balance efficiency and emission reduction, compared with industry
benchmarks.

Multi-stakeholder case study
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Arguments: Quality methods (interviews, case analysis) are crucial for dismantling the subtle
dynamics of collaboration (such as Hong Kong Airport-HACTL-Cathay Pacific Air cooperation).
It can reveal implicit obstacles that quantitative models cannot capture (such as data islands
and benefit distribution) to ensure a comprehensive understanding of the collaborative
mechanism.

3.1 Research Design

This research adopts the explanatory hybrid research paradigm, takes "technological
innovation - multi-subject collaboration - sustainable development" as the main line, and
builds a logical closed loop of "theoretical framework construction — empirical data
verification — strategic path derivation". The research follows the principle of "problem-
method adaptation-evidence support", and designs differentiated research paths for the three
core issues (technological innovation efficiency, multi-subject coordination mechanism,
carbon neutrality and balance strategy), combining the accuracy of quantitative analysis and
the insight of qualitative research.

Theoretical framework integration

Air Logistics Hub Theory (Slack, 2001): Focus on "facility technology density" (such as
automated sorting efficiency 12,000 pieces/hour) and "network connectivity" (220 direct
destinations) to build the hardware basic dimension of hub competitiveness evaluation;

Agile Airport Model (Slack, 2007): Evaluate the dynamic ability of airports to cope with market
fluctuations by taking "response speed" (shortening the time limit for cargo handling by 35%)
and "resource flexibility" (multi-cargo compatibility) as the core observation indicators of
technological innovation effectiveness;

Green supply chain theory (Govindan et al., 2018): From the perspective of "carbon footprint
whole chain management", analyze the coordinated emission reduction path of biofuels,
photovoltaic energy and other technologies and management measures, and build a
sustainable development framework with a balance of "efficiency-emission".

Research route and technical route

The research strictly follows the logic of "double-cycle verification":

21



22

Internal cycle: verify the efficiency changes before and after the application of technology
through the five-year vertical data of HKIA (2019-2023) (such as the Al prediction model
reducing the error rate from +12% to +5%), and identify the endogenic driving effect of

technological innovation;

External cycle: Introduce the horizontal comparison of Asia-Pacific hubs (Changi, Pudong,

Incheon), locate the comparative advantage of HCIA through competitiveness matrix analysis

(Table 3-1) (such as 6.2 tons of carbon emissions per unit, 7.5 tons better than the industry

average), revealing the impact of external competitive pressure on strategy selection.

Technical roadmap:

Definition of research problems (three core problems) — data collection (three-dimensional

data system) — adaptation of analytical methods (quantitative + qualitative tools) — empirical

testing (technical effectiveness/synergistic effect/emission reduction path) — strategic

countermeasure derivation (technical integration/regional coordination/carbon neutral

transformation)

3.2 Data Collection and Integration

The research data comes from the three dimensions of "airport subject-partner-industry

benchmark", forming a three-dimensional data network. After desensitization, key

characteristic values (such as HACTL sorting efficiency and Cathay Pacific ventric cabin

utilization rate) are retained to ensure the balance between business secret protection and

research confidence.

Data dimension | Data source Specific data Data processing | Service
items method research issues
Official data of Annual Report Cargo and mail Time series Technological
HKIA (2019-2023), throughput (4.332 | integration, innovation
Technical White million tons, missing values efficiency, carbon

Paper,

Sustainable

2023), automated

sorting coverage

are

supplemented by

neutrality and

transformation
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Development

Report

rate (92%),
photovoltaic
installed capacity
(80MW), carbon
emission intensity
(6.2 tons of
CO2/tons)

interpolation

path

Partner data

HACTL operation
data
(desensitized),
Cathay Pacific
Cargo
Collaborative
Data

Automated
sorting efficiency
(12,000
pieces/hour),
temperature-
controlled
warehouse
compliance rate
(99.2%), belly
cabin utilization
rate (85%),
"customer-to-
carde" revenue
(2.8 billion Hong
Kong dollars,
2023)

Multi-subject data
association
cleaning, retain
the core
indicators of the

ratio class

Multi-subject
collaborative
mechanism,
technology-power
matching

efficiency

Industry

benchmark data

IATA report, ACI
data, benchmark
airport annual

report

Global cargo
airport carbon
intensity
benchmark (7.5
tons), Changi
Airport automated
sorting efficiency
(10,000
pieces/hour),
Pudong Airport's
proportion of new

energy vehicles

Standardized
processing (Z-
score), building a
competitiveness

matrix

Regional
competition
positioning and
technological
alternative threat

analysis
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(40%)

The core value of HKIA data:

The annual report provides macro operational indicators (such as the processing capacity
planning of the three-runway system), the technical white paper discloses the technical
parameters of the Al prediction model and blockchain electronic waybill (error rate +5%,
covering 90% of high-value goods), and the sustainable development report details the
emission reduction results of photovoltaic power plants and electric vehicles (annual power
generation 120 million kilowatt-hours, electric vehicles account for 65%), which constitutes the
basic evidence chain of technological innovation and green transformation (HKIA, 2023a;
2023b).

Complementarity of partner data:

HACTL's automated sorting efficiency (12,000 pieces/hour) and Cathay Pacific's ventral cabin
utilization rate (85%) form a collaborative verification of "ground processing-air transportation"
- when HACTL's sorting efficiency is improved by 35%, the loading time of Cathay Pacific's
belly compartment cargo is shortened by 20% at the same time, and empirical data support
The research hypothesis of "technology collaboration to improve overall efficiency" (HACTL,

2024; Cathay Pacific, 2023).

Data integration method and confidence guarantee

Adopt "Data Triangle Verification Method" to ensure research confidence, specifically

including:

Vertical comparison verification:

Analyzing the efficiency changes before and after the application of HKIA technology in 2018-
2023, for example, after the blockchain electronic waybill system was launched, the customs
clearance time of high-value goods was compressed from 4 hours to 24 minutes, and the file
error rate was reduced from 3% to 0.2%. The conclusion was also obtained from HACTL's
operation log (clearance worker Single processing time) and Cathay Pacific customer
feedback (dispute rate decreased by 40%) support (Poleshkina et al., 2021).
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Horizontal benchmarking verification:

Build the "Asia-Pacific Hub Competitiveness Matrix" (Table 3-1), compare the proportion of
technical investment of Changi and Pudong Airports (HKIA 15% vs Changi 12%), carbon
emission intensity (6.2 tons vs Pudong 7.2 tons), and the data source covers ACI World (2024),
Annual reports of airports ensure the objectivity of external benchmarks.

Cross-verification mechanism:

Through HACTL's sorting data (12,000 pieces/hour) and Cathay Pacific's capacity data (85%
of the ventral cabin utilization rate), the impact of "technology-cary capacity" coordination on
the time limit for cargo processing is verified - the transportation time from the Pearl River
Delta to Europe and the United States has been shortened by 6 hours. This conclusion is the
time limit monitoring data of DHL logistics providers ( The average shortening is 5.8 hours)
high match (DHL, 2022).

Table 3-1 Asia-Pacific Hub Competitiveness Matrix (2023)

Dimension HKIA Changi, Pudong, Data source
Singapore Shanghai

Throughput of 4.332 million tons | 1.85 million tons 3.44 million tons ACI World (2024)

goods and mail

Automated 12,000 pieces/h 10,000 pieces/h 90,000 pieces/h HACTL

sorting Technology

efficiency White Paper
(2024)

Unit carbon 6.2 tons 6.5 tons 7.2tons HCIA Sustainable

emissions Development
Report (2023)

International 220 pieces 190 pieces 160 pieces IATA Global Air

route network Cargo Report
(2023)

3.3 Analysis method: multi-dimensional tool combination and problem adaptation
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In view of the three core problems, we study and design differentiated analysis methods to
form a method system of "quantitative modeling-qualitative interpretation-mixed verification".

Quantitative analysis method: data-driven causal inferen

Structural equation model (SEM)

The basis for method selection:It is used to test the causal relationship between technological
innovation (such as blockchain, automated sorting) and results (efficiency, customer
satisfaction). This method is suitable for complex multivariate relationships and can measure
direct and indirect effects (such as blockchain — customs clearance efficiency — satisfaction).

Build a path model of "technological innovation — efficiency improvement — customer
satisfaction", verify the direct impact of blockchain (exogenous variable) on customs
clearance efficiency (intermediary variable) (path coefficient $=0.89, p<0.01), and the indirect
effect of customs clearance efficiency on customer satisfaction (endogenous variable) (f=0.
65, p<0.01), the model fit index (CFI=0.95, RMSEA=0.04) reached an excellent level (Hong et
al., 2025).

Data envelope analysis (DEA)

The basis for method selection:

Take "mail throughput" as the output variable, "energy consumption (tons of standard coal)"
and "equipment investment (million Hong Kong dollars)" as the input variables to evaluate the
green efficiency of HKIA. In 2023, the DEA efficiency value reached 1.21 (>1 means efficiency),
and the carbon emission per unit of goods was 6.2 tons, which has a significant efficiency
advantage over the industry average (7.5 tons), indicating that technical emission reduction
measures (photovoltaic + electrification) have achieved the double improvement of
"efficiency-emission reduction” (Charnes et al. , 1978).

Multivariate regression analysis

To test the impact of multi-subject collaboration on airport competitiveness, the model is set
as:
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\Text{competitiveness index} = \alpha + \beta_1\text{technical coordination} +
\beta_2\text{power coordination} + \beta_3\text{policy support} + \epsilon

Among them, the technical coordination degree is characterized by HACTL automated sorting
efficiency, and the capacity coordination degree is characterized by the utilization rate of
Cathay Pacific's ventral cabin. The regression results show 31=0.42, f2=0.35 (p<0.05), which
verifies the hypothesis of "multi-subject collaboration to improve competitiveness through the
dual path of technology and capacity" (K Ushwaha et al., 2024).

Qualitative analysis method: practice-oriented mechanism deconstruction

Case analysis method.Compared with the collaboration mode between HACTL and Cathay
Pacific - the former focuses on hardware technology sharing (temperature control warehouse
+0.5°C accuracy, sorting system open API interface), the latter focuses on capacity strategy
coordination ("passenger-to-go" dynamic algorithm, blockchain booking platform), forming
"technical rigid support + strategic flexible scheduling" "The complementary advantages.
Typical case: Before the Spring Festival in 2023, HACTL expanded its sorting capacity by 10%
in advance, and Cathay Pacific simultaneously increased its North American belly capacity by
15% to jointly ensure the timely shipment of Huawei mobile phones (worth 2 billion US dollars).
The customer complaint rate decreased by 65% compared with the same period in 2019
(Huawei Logistics Department, 2023 ).

Comparative research method:Horizontal comparison of the EU airport carbon border tax
policy (CBAM) and the HKIA biofuel strategy, it is found that the regional birth emission
reduction path (such as the joint construction of the SAF refining base with Malaysia) has
more cost advantages than external compliance - it is expected to reduce procurement costs
by 25% and can avoid potential tariffs ($200 million/year ). Vertically analyze the ten-year
transformation process of HKIA, and identify the evolutionary logic from "terminal governance"
(2015 photovoltaic pilot) to "system design" (SAF supply chain planning in 2025) (IEA, 2023).

Rooted theory method:Conduct semi-structured interviews with HACTL engineers (n=5),
Cathay Pacific freight managers (n=3) and HKIA policy consultants (n=2), distilled the core
categories such as "technical integration resistance", "synergistic benefit distribution" and
"green transformation cost", and found "data islands" (different main systems are not

interoperable) It is the main obstacle to technical coordination, and the "government subsidy

27



28

mechanism" (such as the innovation fund) significantly improves the participation of
enterprises (Strauss & Corbin, 1990).

Triangular verification of mixed methods:Quantitative analysis reveals the statistical
significance of "technological innovation improves efficiency by 35%", and qualitative
interviews supplement the mechanism of "automated sorting system reduces manual
intervention, thus reducing the error rate"; DEA shows that HKIA is leading in green efficiency,
and comparative research further points out that "SAF supply chain localization" It is the key
to maintaining the advantage. The complementary verification between these methods
ensures that the research conclusions are both data-supported and practical insights.

Through the construction of a three-dimensional data system and the design of rigorous
analytical methods, this chapter provides scientific and methodological support for
subsequent empirical research, ensuring that the research logic of "technological innovation-
synergistic mechanism-carbon neutralization transformation” runs through, and the research
conclusion has both theoretical depth and practical value.
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4 Empirical analysis of cargo operation of Hong Kong International
Airport

Through the in-depth analysis of technological innovation and the deconstruction of the
mechanism of multi-subject collaboration, this chapter empirically answers the core questions
of "how technology can improve efficiency" and "how collaboration enhances
competitiveness". At the same time, it reveals the real challenges in green transformation and
provides a practical basis for the strategic countermeasures in Chapter 5.

4.1 Technology-driven efficiency improvement

The technological innovation of Hong Kong International Airport (HKIA) takes "cost reduction,
efficiency improvement and quality improvement" as the core. Through the deep integration of
the Internet of Things, blockchain, Al and other technologies, it has built the world's leading
intelligent freight ecology. According to the technical white paper (2024) of HACTL (Hong
Kong Air Freight Terminal) and the annual report of HKIA (2023), the application of technology
has improved the efficiency of cargo handling by 35%, and customer satisfaction has
increased from 78% to 89% (J.D. Power, 2023).

The Cross-Belt automated sorting system deployed by HACTL Super No. 1 freight station
integrates 300 sorting carts and 1,200 RFID readers to achieve high-speed sorting of 12,000
pieces of goods per hour, with an accuracy rate of 99.8%, which is 40% higher than manual
sorting efficiency. Error The rate was reduced from 5.7 times/10,000 batches to 1.2
times/10,000 batches (HACTL, 2024). For cross-border e-commerce small packages
(accounting for 23% of the freight volume), the system dynamically generates sorting waves
through Al algorithms, and compresses the sorting time of goods under 30 kilograms to 30
minutes, which is 2 hours shorter than the traditional process. DHL's manager in Hong Kong
pointed out that the system has reduced the processing cost of e-commerce goods by 35%,
supporting the service commitment of "48-hour global major markets" (DHL Logistics, 2022).
Technical comparison shows that the sorting efficiency of HKIA is 20% higher than that of
Singapore Changi Airport (10,000 pieces/hour), becoming the only cargo hub in the Asia-
Pacific region with a processing capacity of more than 12,000 pieces/hour (ACI World, 2023).

The "FlyChain" blockchain electronic waybill system** launched by HKIA United Thai Airways
and Hong Kong Customs covers 90% of high-value goods (electronic products, biomedicine).
The system automatically verifies 30+ data fields (certificate of origin, quarantine certificate,
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insurance information, etc.) through smart contracts. The customs clearance time of a single
ticket is compressed from 4 hours to 24 minutes, the customs clearance efficiency is improved
by 90%, and the document error rate plummets from 3% to 0.2% (HKIA, 2023). In 2023, the
system processed 2 million tickets of goods, saving more than 50 million Hong Kong dollars in
compliance costs for enterprises, and the loss of goods disputes decreased by 40%
(Poleshkina et al., 2021). Typical case: Bosch, a German automobile manufacturer, tracks the
transportation of automobile chips from Shenzhen to Munich through FlyChain, and obtains
temperature (+1°C) and location (accuracy 5 meters) data in real time, which shortens the
response time of the JIT supply chain by 25% and increases the inventory turnover rate by
12% (Bosch, 20 23). The application of blockchain technology has also enhanced the safety of
goods - the theft of high-value goods in 2023 decreased by 75% compared with 2019 (Hong
Kong Police Force, 2024).

The cargo forecasting Al model developed by HKIA integrates 120+ variables (including e-
commerce promotion nodes, manufacturing PMI index, fuel price fluctuations, etc.), and
adopts LSTM neural network and random forest algorithm to control the prediction error rate
at +5%, which is compared with the traditional ARIMA model (+12%) Increase by 60%
(Kushwaha et al., 2024). During the "Double 11" period in 2023, the model predicted a 25%
surge in e-commerce goods 72 hours in advance, triggering the resource allocation
mechanism: temporarily adding 20% of full-cargo flights, synchronously allocating 15% of the
passenger aircraft belly cabin carrying capacity, improving the cargo processing efficiency by
35% during peak hours, and 98% of new flights are fully loaded. Compared with 2019, the
idling rate of the same scene decreased by 18% (HKIA, 2023). The model is also applied to
the allocation of stopovers - by predicting the arrival time of goods, the bridge ocklift rate of
cargo aircraft is increased from 75% to 88%, and the ground service waiting time is shortened
by 20 minutes (Transportation Research Part C, 2024).

4.2 Multi-subject collaborative mechanism

HKIA's competitiveness not only comes from technological innovation, but also from the
construction of a triangular collaborative network of "Airport Operator (HKIA) - Cargo Service
Provider (HACTL) - Airline (Cathay Pacific)". According to HACTL operational data (2024) and
Cathay Pacific's annual report (2023), the three-party cooperation has increased the utilization
rate of airport resources by 18% and network connectivity by 20% (Hong et al., 2025).
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As the largest freight service partner of HKIA, the Super No. 1 freight station operated by
HACTL bears 74% of the cargo handling capacity (up to 3.2 million tons in 2023). Its core
value lies in technology sharing and facility opening:

The automation system is interoperable. Share the Cross-Belt sorting system data interface
with the airport to realize real-time synchronization of cargo status (update frequency <1
second), shorten the waiting time of goods from unloading to sorting by 35%, and increase the
utilization rate of storage space to 83% (HACTL, 2024);

Jointly build the largest temperature-controlled warehousing cluster in Asia (total capacity of
120,000 tons, temperature control accuracy +0.5°C) to meet the transportation needs of
biomedicine (accounting for 40% of freight value). In 2023, the compliance rate of
temperature-controlled goods will reach 99.2%, higher than the industry average (95%) (IATA,
2023) .

Compared with Cathay Pacific Cargo Center, HACTL focuses on e-commerce small

packages and general cargo processing (e-commerce goods account for 60%). The sorting
efficiency (12,000 pieces/hour) is 15% higher than that of Cathay Pacific special cargo stations,
but it is slightly inferior in customized services for high-value goods (such as lithium battery
independent storage areas), forming a "general The complementary pattern of "reason +
professional subdivision" (Table 4-1).

Table 4-1 Comparison between HACTL and Cathay Pacific Freight Center (2023)

Dimension HACTL (hardware Cathay Pacific Synergistic value
technology driver) (power strategy-
driven)
Technical Automated sorting, Dynamic capacity Build a closed loop of
advantages intelligent allocation, blockchain | "ground processing-
warehousing booking air transportation”
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Customer response

Standardized
process (processing
time limit <4 hours)

Customized plan
(special channel for
the transportation of
dangerous goods)

Layering to meet
customer needs

Processing ability

3.2 million tons/year
(accounting for 74%
of the airport)

1.13 million tons/year
(accounting for 26%
of the airport)

Cover all types of
goods

Resource sharing

Sorting system and
temperature control
warehouse are open
for use

Real-time sharing of
abdominal capacity

Reduce the overall
operating cost of the
industry by 12%

Cathay Pacific: the "air network link" of capacity coordination
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As the base airline of HKIA, Cathay Pacific has formed an in-depth cooperation with the

airport through the ** "passenger-to-cargo" dynamic allocation system**: in the off-season of
passenger passengers, 15% of the belly compartments of passenger aircraft were converted
into cargo capacity. In 2023, the belly compartment cargo volume reached 650,000 tons, and
the proportion of revenue increased to 18%, compared with 2019 Increase by 8 percentage
points (Cathay Pacific, 2023). The blockchain logistics platform jointly built by the two sides
realizes the digitalization of the whole process of "cargo booking- security check-installation",
shortening the transportation time of electronic components from Shenzhen to New York by 6
hours, and reducing the transportation cost by 25% compared with the whole cargo machine.
During the epidemic (2020-2022), Cathay Pacific's ventral cabin transportation guaranteed
80% of cross-border e-commerce goods, helping the airport cargo volume to drop by only 10%,
which is significantly lower than that of hubs that rely on full cargo aircraft (such as Memphis
Airport decreased by 25%), reflecting the key role of capacity coordination on network

resilience (Hong Et al., 2025).
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In terms of international network layout, Cathay Pacific's 220 direct destinations and HACTL's
ground processing capacity form a "point-to-face" coordination: European routes transport
high-value goods (such as luxury goods and precision instruments) through ventrines, North
American routes use full-cargo aircraft to transport e-commerce small packages, and trans-
Pacific routes in 2023 Freight volume increased by 15%, and unit revenue increased by 8%
(IATA, 2023).

4.3 Green Transformation Challenges

Although HKIA leads in technological innovation and collaborative mechanisms, it still faces
three core challenges under the goal of carbon neutrality. The data comes from the HKIA
Sustainable Development Report (2023) and the IATA Carbon Strength Benchmark (2023).

The large-scale bottleneck of technological emission reduction. Aviation fuel accounts for 80%
of airport carbon emissions, and the proportion of biofuel (SAF) used in 2023 is only 5%,
mainly due to insufficient production capacity in the Asia-Pacific region (70% of global SAF
production is concentrated in Europe and the United States), resulting in a 30% higher
procurement cost than traditional fuel. After the three-runway system is fully put into use (10
million tons of processing capacity in 2035), the carbon emission intensity of unit cargo needs
to be reduced from 6.2 tons to 5.0 tons. The existing technical path (photovoltaic +
electrification) can only contribute to 30% of the emission reduction, and the remaining 70%
needs to rely on SAF promotion (target 30%) and flying Route optimization (expected to
reduce emissions by 15%). The International Energy Agency (IEA, 2023) pointed out that the
lag in the construction of the SAF supply chain in the Asia-Pacific region is the main technical
shortcoming that restricts the green transformation of HKIA.

The "zero waste freight" plan makes the use rate of degradable packaging reach 45%, but the
participation rate of small and medium-sized logistics providers is only 30%, mainly due to the
high initial cost (20% more expensive than traditional packaging). The adjustment effect of the
carbon pricing mechanism on high-emission flights is limited - only 12% of flights will choose
SAF in 2023, exposing the problem of "single policy tools". Compared with the carbon border
tax policy of EU airports, HKIA lacks combined measures such as carbon trading market and
green credit. For example, Singapore Changi Airport forced high-emission flights to purchase
emission reductions through the "Carbon Offset Fund", increasing the SAF utilization rate to
10% (Changi Airport, 2023), while the voluntary participation model of HKIA is relatively weak
(Environmental and Resource Economics Research, 2024).
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The EU Carbon Border Tax (CBAM) requires tariffs on goods with a carbon emission intensity
of >6.0 tons of CO2/tons from 2026, while HKIA's current strength is 6.2 tons, facing potential
compliance risks. In addition, the IATA Global Air Cargo Carbon Standard requires that SAF
will account for 15% in 2030, and the HKIA target is set at 30%, but it is necessary to solve the
problem of "certification and mutual recognition" - at present, SAF production in the Asia-
Pacific region has not been included in the EU ETS certification system, which may lead to
carbon footprint accounting for export goods. Not recognized (European Parliament, 2023).
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5 Competitive environment and strategic countermeasures

Through multi-dimensional competitive analysis and strategic design, HKIA not only needs to
consolidate its technological and collaborative advantages, but also needs to build a
composite barrier of "technology-policy-ecology" in the green transformation, so as to
maintain its leading position in the new round of reshuffle of global air cargo hubs.

5.1 Comparison of regional hubs: multi-dimensional competitiveness deconstruction
and differentiated positioning

The essence of the competition of air cargo hubs in the Asia-Pacific region is the
comprehensive competition of "technology-driven efficiency, network-driven radiation, and
green shaping the future". Based on the 2023 operational data and industry reports (ACI
World, 2024; IATA, 2023), the competitive pattern of HKIA and Singapore Changi, Shanghai
Pudong and Incheon Airports shows significant differences:

Singapore Changi Airport: The balance between facility expansion and ecological

integration

Changi Airport will invest SS5 billion to expand freight facilities through the "Cargo 2030" plan,
add 1 million tons of processing capacity in 2025, and support the construction of DHL Asia-
Pacific transshipment center (annual processing of 300,000 tons) and pharmaceutical cold
chain hub (temperature control accuracy + 1°C). Its core advantages are ** "Airport-Logistics
Provider-Government" tripartite ecological cooperation**: Relying on the Changi Air Cargo
Community (CACS) platform, it realizes real-time data sharing of customs, freight forwarders
and airlines, and the efficiency of customs clearance is improved by 30% compared with 2019
(Changi Airport, 2 023). However, the shortcoming is that the penetration rate of intelligent
technology is insufficient - the coverage rate of automated sorting systems is only 65%, lower
than 92% of HKIA (HACTL, 2024), and the proportion of biofuel use is only 3%, and the carbon
emission intensity is 6.5 tons of CO2/tons, slightly higher than HKIA (6.2 tons).

Shanghai Pudong Airport: Policy dividends are deeply bound to the local market

Relying on the integration policy of the Shanghai Free Trade Zone and the Yangtze River
Delta, Pudong Airport will reach 510,000 tons (an annual increase of 15% per year) in 2023,
accounting for 15% of the total cargo volume. It will connect the Central Asian and Middle
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East markets through the "Belt and Road" freight corridor, and the proportion of international
freight will increase from 58% in 2019 to 2023. 65% (Shanghai Airport Authority, 2024). Its
competitive strategy focuses on "policy-driven growth" : the implementation of "white list"
rapid customs clearance for inbound biomedicine, and the value of Pfizer, Merck and other
enterprises' drugs will exceed 20 billion US dollars in 2023; new energy vehicles account for
40%, but the unit carbon emission intensity is 7.2 tons, mainly limited by fuel goods. The
proportion of aircraft is relatively high (accounting for 60% of the capacity). Compared with
HKIA, Pudong Airport's international transit capacity is weaker (transfer rate 18% vs HKIA
35%), and the multi-subject coordination mechanism is still dominated by the government, and
the depth of market-oriented cooperation is insufficient (Liu et al., 2022).

Incheon Airport: Digital Transformation and Free Economic Zone Empowerment

Incheon Airport deploys 5G cargo network through the "Smart Airport 2.0" plan, improving the
efficiency of flight dispatching by 25%, and the popularity of cargo station robots by 40%
(Incheon Airport, 2023). Its unique advantages are ** "policy free zone + digital infrastructure"
two-wheel drive **: relying on the Incheon Free Economic Zone, the implementation of the
"1210" bonded stock mode for cross-border e-commerce, and the annual volume of cosmetics
and health care products increases by 20%; develop the "i-Cargo" digital platform to realize
real-time tracking of the status of goods. The rate is 95%, but the network connection is weak
(180 direct flight destinations vs 220 HKIA), and over-reliance on the belly compartment
resources of Asiana Airlines and Korean Air (accounting for 70% of the cargo volume). The
fluctuation of the belly compartment capacity during the epidemic led to a 22% drop in cargo
volume in 2020, and the risk resistance was lower than HKIA (fluctuation +£10%).

Table 5-1 Comparison of the Competitiveness of Major Freight Hubs in the Asia-Pacific
Region (2023)

Dimension HKIA Changi, Pudong, Incheon Airport
Singapore Shanghai
Technical Automated Intelligent Free Trade 5G freight
hardcore sorting (12,000 | logistics Zone Digital network (robot
pieces/h), platform Customs penetration rate
blockchain (clearance Clearance 40%)
covers 90% of efficiency +30%) | System
high-value
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goods
Network 220 direct 190 160 180
resilience destinations, destinations, destinations, destinations,

35% transit rate

25% transit rate

18% transit rate

28% transit rate

Green efficiency

The unit carbon
emission is 6.2
tons, and SAF
accounts for
5%.

The unit carbon
emissions are
6.5 tons, and
SAF accounts
for 1%.

Unit carbon
emissions of 7.2
tons, 40% of
new energy
vehicles

6.8 tons of
carbon
emissions per
unit, 8% of SAF
pilot

Policy
advantages

Cooperation
between the
independent
tariff zone and
the Greater Bay
Area

Free port policy,
ASEAN hub

Free trade zone
tax exemption
policy, the
hinterland of the
Yangtze River
Delta

Facilitation of
the Free
Economic Zone
and the Korea-
US FTA

5.2 The threat of technological substitution: the challenge and breakthrough of

disruptive innovation

UAYV freight: the diversion pressure of the short-distance high-time efficiency market

With the commercialization of drone freight by Wing (Amazon), Wisk (Boeing) and other
enterprises, the cost of transporting documents and medical samples within 300 kilometers

has dropped to 40% of air freight (for example, the cost of drone transportation from
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Shenzhen to Hong Kong is about 150 yuan/kg vs 250 yuan/kg for air freight). The global drone

cargo market will reach $1.2 billion in 2023, and is expected to increase to $20 billion in 2030
(Drone Industry Insights, 2024), directly threatening the short-distance high-value goods
market (such as semiconductor wafers) accounting for 15% of HKIA. , biological reagents).
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HKIA coping strategy

"Empty cooperation" network construction: cooperate with Yihang Intelligent to pilot EH216-S
drones to realize 90-minute transportation from Shenzhen Pingshan to the airport (traditional
trucks take 3 hours), plan 5 drone aprons by 2025, supporting Al path planning system (80%
efficiency of avoiding the no-fly area) , the target is to undertake 10% of short-distance high-
value goods (about 430,000 tons/year);

Scenario-based product design: For the transportation of medical samples, develop an
integrated scheme of "drone-temperature control box" (temperature monitoring accuracy +0.3
°C), which has obtained ISO 13485 medical equipment certification, which shortens the
transportation time of pathological samples from Shenzhen Hospital of the University of Hong
Kong to Mary Hospital by 70%, and the error rate from 5 % decreased to 0.5% (Chan et al.,
2023).

Smart shipping: cost competition for low-time-effective goods

Taking the Asia-Europe route as an example, the cost of sea container transportation is about
0.15 USD/kg (20-day cycle), which is only 1/20 of that of air transportation (3.0 USD/kg, 48
hours), attracting clothing, auto parts and other low-timely goods to turn to sea transportation.
In 2023, Maersk's "green methanol cargo ship" will make its first voyage to Asia and Europe.
Carbon emissions will be reduced by 60% compared with traditional cargo ships, further
strengthening the low-carbon advantages of maritime transport (Maersk, 2023), posing a
threat to the general cargo market, which HKIA accounts for 40%.

HKIA Breakthrough Path

"Irreplaceable" value anchoring: focus on high-time-effective goods that cannot be replaced
by sea transportation - electronic products (accounting for 35% of freight volume, unit price >
1,000 USD/kg), biomedicine (accounting for 10%, storage temperature sensitivity), enhanced
temperature-controlled transportation (compliance rate 99.2%) and fast customs clearance (24
points Bell) Advantage, the air transportation penetration rate of such goods in 2023 will still
reach 92% (IATA, 2023);
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"Sea and air combined transport" product innovation: United Oriental Overseas launched the
"Hong Kong-Rotterdam" sea and air express plan - the first 3 days of sea transportation to the
Middle East hub, transfer to full cargo aircraft air transportation (the total cycle of 8 days, the
cost is 60% of air transportation), to meet the needs of the "punctual” supply chain of
automobile chips, and the trial operation volume of goods in 2023 will reach 1 20,000 tons,
customer repurchase rate 85% (OOCL, 2024).

5.3 Sustainable Development Path: Deep Integration of Technological Innovation and

Ecological Reconstruction

Technical emission reduction: from "single-point breakthrough” to "system

integration”

Localization of biofuel supply chain:

Together with Petronas of Malaysia and Jinguang Group of Indonesia, we have built a SAF
(sustainable aviation fuel) refining base with an annual output of 500,000 tons, using palm oil
waste (accounting for 70% of raw materials) for production, and the cost is 30% lower than
imports (expected to be put into production in 2028). The target SAF in 2030 will account for
30%, which can replace 1.8 billion liters of traditional fuel, reduce 1.5 million tons of CO2 per
year (equivalent to the annual emissions of 300,000 cars). The technical path refers to the
"Asia-Pacific Biofuel Corridor" plan of the International Energy Agency (IEA, 2023).

Energy system restructuring:

Expand the airport photovoltaic power station to 200MW (currently 80MW), adopt cadmium
telluride thin-film batteries (efficiency improvement by 15%), cover 30% of airport electricity
consumption (annual power generation capacity of 240 million kilowatt hours), synchronously
build a 5SMW flywheel energy storage system (response time <0.1 seconds), and suppress the
fluctuations of renewable energy, The cost of electricity for unit cargo handling decreased by
25% (HKIA, 2024a).

By 2025, 100% electrification of freight vehicles will be realized (currently 65%), Kalmar fully
automatic electric forklifts will be introduced (1 hour of charging for 8 hours of operation),
supporting the construction of 400 fast charging piles (covering all cargo station areas), the
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carbon emissions of ground services will be reduced by 20%, and the technical standards will
be compared with "Global Airports Electrification Guidelines (ACI, 2022).

Regional coordination: from "physical connection" to "institutional connection"

Dongguan Shilong Railway Freight Station and Shenzhen Pinghu Logistics Park are
integrated into HKIA virtual freight station to realize "mainland security check + Hong Kong
direct flight" - goods complete security check and plate in the mainland, and are transported
to the airport through the cross-border expressway (special cross-border truck, customs
clearance time <30 minutes). The overall process is shorter than the traditional model by 4 At
that time, the target of handling 1 million tons of goods in the Greater Bay Area in 2025
(accounting for 23% of the total airport volume), this model was supported by the "Belt and
Road" key project of the National Development and Reform Commission (NDRC, 2023).

Promote the unification of air cargo security standards in 11 cities in the Greater Bay Area
(such as the sharing of dangerous goods identification algorithms), the docking of electronic
customs clearance systems (cross-clearance flow of blockchain data), and realize "one-time
declaration, full-area access", and the logistics costs of enterprises are expected to be
reduced by 15%. Typical case: In 2023, Huawei's Dongguan factory will shorten the customs
clearance time of mobile phone components to Europe by 25% and reduce the cost of
warehousing by 12% through this mechanism (Huawei, 2023).

Together with the Shenzhen Emission Rights Exchange and the Guangzhou Carbon
Emission Rights Exchange, we will establish an air cargo carbon trading platform in the
Greater Bay Area, allowing the carbon quota of airports, logistics providers and airlines to be
exchanged (for example, HKIA's photovoltaic emission reductions can be deducted from the
emissions of Shenzhen logistics enterprises). The overall carbon intensity of the target area in
2035 is higher than that in 2020. Decreased by 40%, the mechanism design refers to the
experience of the EU ETS aviation carbon market (EC, 2024).

Carbon neutral transformation: from "compliance response™ to "standard guidance"

Implement the "three-level carbon pricing" mechanism: a carbon tax of 100 Hong Kong
dollars/ton is levied on flights with a carbon emission intensity of >8.0 tons of CO2/ton, 50
Hong Kong dollars/ton is levied in the range of 6.0-8.0 tons, and a subsidy of 30 Hong Kong
dollars/ton is given for <6.0 tons, and the income is specially used for SAF research and
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development. It is expected to guide 30% of flights (about 80,000 flights) to low-carbon
solutions in 2030. The model refers to the Stanford University Global Carbon Pricing Initiative
(GCP, 2023).

Launching "HKIA Green Freight Certification", covering 5 indicators such as carbon footprint
(=5.5 tons of CO2/tons), packaging environmental protection (the proportion of degradable
materials =60%), and energy efficiency management (equipment utilization rate =85%).
Certified enterprises enjoy priority security channels (saving 30 minutes/ticket) and cost
reduction. Free (up to 20%). In the pilot stage of 2023, Apple, Pfizer and other enterprises
accounted for 45% of certified goods, driving an 18% increase in airport green freight revenue
(HKIA, 2024b).

Take the lead in formulating the Asia-Pacific Air Cargo Green Standard, establish a SAF
procurement alliance with the airports of 10 ASEAN countries (initial members cover 60% of
the Asia-Pacific freight market), promote the sharing and mutual recognition of SAF
production capacity in the region, and aim to reduce the carbon emission intensity of HKIA's
exports to the European Union to 5. 8 tons of CO2/tons (below the CBAM tax threshold of 6.0
tons), avoiding potential tariffs of about $200 million/year (European Parliament, 2023).

41



42

6 Conclusions and suggestions

6.1 Research Conclusion

This study takes Hong Kong International Airport (HKIA) as the object, systematically
analyzes its competitive position, operation mode and future path in the global air cargo
market, and forms the following core conclusions:

Technological innovation builds the world's leading freight efficiency advantage

HKIA realizes freight process restructuring through the combination of "intelligent processing
triangle" technology (automatic sorting, blockchain customs clearance, Al prediction). The
processing efficiency of the Cross-Belt automated sorting system of HACTL Super One Cargo
Station is 12,000 pieces/hour, with an accuracy rate of 99.8%, which compresses the sorting
time of e-commerce small packages to 30 minutes, which is 2 hours shorter than the
traditional process (HACTL, 2024). The blockchain electronic waybill system "FlyChain"
covers 90% of high-value goods, shortening the customs clearance time from 4 hours to 24
minutes, reducing the document error rate from 3% to 0.2%, and saving more than 50 million
Hong Kong dollars in compliance costs for enterprises in 2023 (HKIA, 2023). The Al demand
forecasting model controls the fluctuation prediction error of the volume of goods at +5%.
During the "Double 11" period in 2023, the warning volume of goods increased by 25% 72
hours in advance, promoting a 35% increase in peak processing efficiency and a resource
utilization rate of 98% (Kushwaha et al., 2024). Technological innovation has improved the
overall efficiency of freight processing by 35%, and the energy consumption per unit of goods
has been reduced by 18%, building a three-dimensional competitive barrier of "speed +
accuracy + cost".

Multi-subject collaborative network shapes ecological resilience and collaborative
value

The operation model with the triangular collaboration of "airport-airlingist" as the core forms
the complementary advantages of "technical rigid support + resource flexible scheduling". The
differentiated division of labor between HACTL and Cathay Pacific (the former leads
automated sorting, and the latter focuses on temperature-controlled transportation and
dynamic distribution of capacity) covers the entire cargo value chain. In 2023, the utilization
rate of the belly compartment capacity will reach 85%, and the cross-border e-commerce
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cargo processing volume will increase by 32% year-on-year (Cathay Pacific , 2023). The "front
store and back warehouse" collaboration model in the Greater Bay Area (such as Dongguan
Aviation Center shortens the cross-border time by 25%) promotes the Pearl River Delta cargo
to account for 65% of the airport cargo volume, among which Shenzhen electronics
manufacturing industry (accounting for 35% of national exports) and Dongguan furniture
industry (accounting for 12% of global exports) realizes supply through "front customs
clearance + intelligent connection" The efficiency of the corresponding chain is improved
(China Customs, 2024). Multi-subject collaboration has increased the utilization rate of airport
resources by 18% and increased network connectivity by 20%. During the epidemic, the
fluctuation of cargo volume (-10%) is significantly lower than that of hubs that rely on full cargo
aircraft (such as Memphis Airport -25%), which verifies the key role of ecological resilience
(Hong et al., 20 25).

Challenges of efficiency and emission balance under the goal of carbon neutrality

Although the carbon emission intensity of HKIA unit goods (6.2 tons of CO2/tons) is better
than the industry average (7.5 tons), it still faces technical emission reduction bottlenecks and
policy compliance pressure. Biofuels (SAF) account for only 5%, and insufficient production
capacity in the Asia-Pacific region leads to high procurement costs. After the three-runway
system is fully launched in 2035, unit emissions will be reduced to 5.0 tons. Existing
photovoltaics (accounting for 15% of airport electricity) and electrification (65% of vehicles)
can only contribute to 30% of the emission reduction target (H KIA, 2023). At the policy level,
the EU carbon border tax (taxation on goods with a strength of >6.0 tons since 2026) directly
threatens HKIA compliance, and the Asia-Pacific SAF is not included in the EU ETS
certification system, which may lead to the non-recognition of the carbon footprint of exported
goods (European Parliament , 2023). In addition, small and medium-sized enterprises have
low participation in green packaging (20% higher cost) and carbon pricing mechanism (only
12% of flights choose SAF), exposing the limitations of a single policy tool (Environmental and
Resource Economics Resear Ch, 2024).

6.2 Policy suggestions

Deepen technological innovation and build a new paradigm of intelligent logistics. Set up a
"Special Fund for Freight Technology Upgrade". The annual investment is not less than 500
million Hong Kong dollars (accounting for 40% of the airport capital expenditure), focusing on
supporting Al prediction model iteration (target error +3%), quantum computing optimization
path planning (expected to shorten the flight time of European and American routes by 2%),
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and drone terminal distribution pilot (Shenzhen-Hong Kong short-distance transportation cost
reduction by 40 %) (HKIA Technology White Paper, 2023).

Promote data mutual recognition and standardization. Establish a unified electronic data
platform in conjunction with the Greater Bay Area Customs and logistics providers, break the
"data island", expand the coverage of blockchain electronic waybills to 95% of export goods,
and realize "one-time declaration, customs clearance throughout the country”, and is

expected to reduce the cost of enterprise document processing by 20% (Hong Kong Custo Ms,
2024).

Strengthen customer-customized technical services, for biomedicine (temperature control
compliance rate 99.2%) and high-end manufacturing (electronic products error £5%), upgrade
intelligent temperature control warehouses (accuracy +0.3°C) and earthquake-proof
monitoring systems (sibration threshold <0.5g), attract long-term cooperation with Pfizer,
Bosch and other enterprises (HKI A Customer Survey, 2023).

Optimize the collaboration mechanism and consolidate the status of a regional hub. Build a
"virtual air cargo hub" in the Greater Bay Area. In Dongguan and Shenzhen, we will pilot the
"one-order system for air and land joint transportation", integrate the resources of Hong Kong
airport freight terminals and mainland bonded warehouses, and realize "local customs
clearance and direct flight to Hong Kong" for cross-border goods. The goal is to shorten the
assembly time of goods in the Pearl River Delta by 30%, and form more than 10 inland pre-
clearance joint points by 2030 (National Bureau of Statistics, 2024).

Improve the multi-subject interest sharing mechanism. Through the "technology equity +
revenue sharing" model (such as AAHK holding 10% equity of HACTL), the private sector is
encouraged to increase R&D investment, and a freight price linkage mechanism is
established to ensure that the annual reduction in logistics costs of small and medium-sized
enterprises is not less than 15% (AAHK, 2023).

Expand international strategic partnerships. Jointly build a Central Asian logistics hub
(covering 220 destinations) with DHL, and pilot "72-hour global express delivery" with FedEXx,
and increase the market share of high-value goods on European and American routes from
70% to 80% through code sharing and capacity sales (IATA, 2023).
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Accelerate the green transformation and solve the problem of carbon neutral compliance.
Promote the localization of the SAF supply chain, jointly build the first SAF refining base in
Asia-Pacific with Malaysia and Indonesia, achieve 30% fuel self-sufficiency by 2030, and
expect to reduce procurement costs by 25%, and actively apply for EU ETS certification to
eliminate carbon border tax risks (IEA, 2023).

Implement the "dual-track" carbon management policy, impose a carbon tax of 100 Hong
Kong dollars/ton on high-emission flights (unit emissions > 7.0 tons), and provide 30% freight
subsidies to enterprises using SAF, and promote the SAF utilization rate to 15% in 2025 and
30% in 2030 (HKIA Sust Ainable Development Report, 2023).

Build a "zero carbon freight" certification system, launch a full-chain carbon footprint label
covering transportation, warehousing and ground services, attract Apple, LV and other
enterprises to purchase ESG (28% increase in related cargo volume in 2023), and target
certified enterprises to cover 45% of airport freight in 2030 (J.D. Power, 2023).

6.3 Future research prospects

Expanding multi-regional comparative research, the current research focuses on HKIA. In the
future, it can be included in different types of hubs such as Dubai and Memphis. Compare the
competitiveness differences between "technology-driven" (such as HKIA), "network hub"

(such as Memphis) and "policy-supported" (such as Dubai) to build a more universal air cargo.
Hub evaluation model.

Deepen the research on the impact of emerging technologies. With the rise of UAV freight
(short-distance high-value cargo) and intelligent shipping (low-time-effective general cargo), it
is necessary to further explore the coordination mechanism of "air-land-sea" multimodal
transportation, evaluate the impact threshold of technological replacement on traditional air
freight, and provide a basis for the restructuring of hub functions.

Explore the cutting-edge issues of carbon management. In response to the IATA 2050 net
zero target, we can study issues such as "combination of carbon sink trading and airport
operation" and "sustainable aviation fuel life cycle assessment". We should pay special
attention to the challenges of developing country hubs in carbon pricing and technology
transfer, and provide more for the green transformation of global air freight. Inclusive solutions.
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Through the three-dimensional framework of "technology-collaboration-sustainability”, this
study reveals the evolutionary logic of HKIA from infrastructure competition to ecosystem
competition. The relevant conclusions can provide theoretical reference and practical paths
for global air freight hubs in efficiency improvement, risk response and green transformation.

6.4 Critical analysis

"Although the Hong Kong airport model has set a benchmark, the achievement of its
sustainable goals depends on solving systemic challenges such as technology adoption,
stakeholder governance and regional policy coordination.”

Limitations of technological innovation

Although automation and blockchain improve efficiency, they face marginal cost challenges
(such as high early investment in intelligent equipment, Hong Kong Airport Technology White
Paper, 2023) and technology dependence risks (such as system failure affecting the flow of
goods).

The challenge of multi-stakeholder collaboration

Although the tripartite model of "airport-airline-logistics" is effective, it faces coordination
bottlenecks (such as cross-border data standardization in the Greater Bay Area) and incentive
misalignment (such as the low participation of small and medium-sized enterprises in green
packaging due to cost barriers).

Green transformation gap

Hong Kong Airport's reliance on imported sustainable aviation fuel (SAF) (70% of the world's
production capacity is concentrated in Europe and the United States) makes it vulnerable to
supply chain disruption and high costs. In addition, the voluntary carbon pricing mechanism
has a limited utilization rate (only 12% of flights will choose SAF in 2023), highlighting the need
for mandatory policies or market incentives.
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