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The Importance of Ground Support Equipment (GSE) in Enhancing
the Efficiency of Air Cargo and Logistics Operations at King Abdulaziz
International Airport — Jeddah
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1.1 Background of the Study

Air cargo operations play a vital role in global trade, supply chain efficiency,
and economic development. Airports rely heavily on specialized equipment
to support aircraft, handle Unit Load Devices (ULDs), transport shipments,
and maintain operational continuity. This equipment, known collectively as
Ground Support Equipment (GSE), includes tractors, high loaders, conveyor
belts, dollies, container transporters, GPU units, and refrigerated units. The
performance, readiness, and availability of GSE determine the efficiency and
speed of cargo handling activities at the airport.

King Abdulaziz International Airport (KAIA) in Jeddah is one of Saudi
Arabia’s largest and busiest airports, serving as a major cargo hub in the
region. With the rapid growth of the logistics sector under Saudi Vision
2030, the volume and diversity of cargo handled at KAIA have increased
significantly. This has created a critical need for highly reliable and well-
maintained GSE to ensure fast turnaround times, operational safety, and
seamless cargo movement between aircraft and cargo terminals.

Despite advancements in logistics infrastructure, insufficient equipment
readiness, frequent breakdowns, and poor allocation of GSE continue to
cause delays in cargo handling processes. For this reason, examining the role
of GSE in enhancing cargo efficiency at KAIA is essential for improving
airport performance and strengthening Saudi Arabia’s position as a global
logistics hub.

1.2 Problem Statement

The efficiency of air cargo handling at KAIA is directly influenced by the
availability, readiness, and reliability of Ground Support Equipment.
However, several recurring problems have been identified in the airport’s
cargo operations:
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« Equipment breakdowns interrupt cargo loading and offloading
activities.

« Poor allocation of GSE causes congestion and bottlenecks in the ramp
and cargo yard.

« Lack of preventive maintenance results in recurring failures,
especially in hydraulic and electrical systems.

« Equipment shortages during peak hours prolong cargo handling time.

« Inconsistent GSE performance increases operational delays and
impacts service quality.

These challenges significantly reduce operational efficiency and limit the
airport’s ability to meet international service standards. Therefore, it is
necessary to assess the importance of GSE and its impact on air cargo
performance at KAIA.

1.3 Purpose of the Study

The purpose of this study is to evaluate the importance of Ground Support
Equipment in enhancing the efficiency of air cargo and logistics operations
at King Abdulaziz International Airport. The study aims to analyze how
equipment readiness, maintenance practices, and allocation strategies affect
cargo handling time, operational performance, and overall logistics
productivity.

1.4 Research Objectives
This study seeks to achieve the following objectives:

1. Examine the impact of GSE readiness and availability on air cargo
handling efficiency at KAIA.
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2. Evaluate how preventive maintenance influences equipment reliability
and operational continuity.

3. Assess how equipment allocation and distribution affect cargo flow
and turnaround time.

4. ldentify the operational challenges associated with inadequate GSE
performance.

5. Provide recommendations to improve cargo handling efficiency
through better GSE management.

1.5 Research Questions
The study aims to answer the following research questions:

1. How does GSE readiness affect the efficiency of air cargo operations
at KATA?

2. What role does preventive maintenance play in reducing equipment
failures and delays?

3. How does equipment allocation influence cargo handling time and
operational flow?

4. What are the major operational challenges caused by insufficient or
poorly distributed GSE?

5. What improvements can be made to enhance overall cargo efficiency?

1.6 Research Hypotheses
Based on the objectives, the following hypotheses are proposed:

« H1: GSE readiness has a significant positive impact on cargo
handling efficiency.
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H2: Preventive maintenance reduces equipment breakdowns and
improves operational continuity.

H3: Optimal allocation of GSE reduces delays and enhances cargo
flow.

H4: Poor equipment performance leads to operational bottlenecks and
increased handling time.

1.7 Significance of the Study

This study is important for several reasons:

It provides an in-depth assessment of operational challenges in one of
Saudi Arabia’s major airports.

It highlights the critical role of GSE in achieving efficient and reliable
air cargo operations.

It supports logistics decision-makers in planning equipment upgrades
and maintenance improvements.

It contributes to the academic literature on airport logistics and ground
operations.

It offers practical recommendations that can directly improve
performance at KAIA and other airports.

Given Saudi Arabia’s ambition to become a global logistics hub by 2030,

improving GSE management is a strategic necessity.

1.8 Scope of the Study

This study focuses on Ground Support Equipment used specifically for
cargo and logistics operations at King Abdulaziz International Airport. It

Ccovers:
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o Cargo handling equipment (high loaders, dollies, tractors, conveyor
belts).

« Maintenance practices and operational readiness.

« Equipment allocation and distribution within the ramp and cargo
areas.

o Operational data from a selected time period.

The study does not include passenger-related GSE or financial performance
analysis.

1.9 Definition of Key Terms

e Ground Support Equipment (GSE): Equipment used to support
aircraft and cargo handling operations on the ground.

« Air Cargo Handling: Processes involved in loading, unloading,
transporting, and storing air freight.

e Turnaround Time (TAT): Time taken for an aircraft to complete
unloading and loading before departure.

« Preventive Maintenance (PM): Scheduled maintenance intended to
prevent unexpected equipment failures.

« ULD (Unit Load Device): Containers or pallets used to load cargo
onto aircraft efficiently
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Chapter Two
Literature Review
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2.1 Introduction

This chapter provides a comprehensive review of literature relevant to Ground
Support Equipment (GSE) and its impact on the efficiency of air cargo and logistics
operations in airports. The review covers the concept and types of GSE, its
importance in cargo handling, logistics processes in airports, equipment
maintenance strategies, international safety and operational standards, and insights
from global case studies. The chapter also establishes the theoretical framework that
connects GSE readiness with operational efficiency.

2.2 Overview of Ground Support Equipment (GSE)

Ground Support Equipment (GSE) refers to a wide range of mechanical, electrical,
and specialized tools used to support aircraft operations on the ground. In cargo
handling, GSE is essential for moving, lifting, loading, and transporting shipments
between the aircraft and cargo facilities. Common types of GSE include:

o High Loaders / Main Deck Loaders: Used to lift Unit Load Devices (ULDs) to
aircraft cargo doors.

o Belt Loaders: Conveyor belts for loading and unloading small cargo items.
e Tow Tractors: Used for towing dollies and transporting ULDs.
o Dollies & Transporters: Platforms used to move containers and pallets.

e Ground Power Units (GPU): Provide electricity to aircraft during on-ground
operations.

e Refrigerated Units: Used for transporting temperature-sensitive cargo.

According to IATA (2023), the effectiveness of airport operations depends
significantly on the availability and reliability of GSE, especially in high-volume
cargo environments.

2.3 GSE and Air Cargo Handling Operations
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Air cargo handling is a highly time-sensitive process that requires precision and
coordination. GSE is responsible for nearly all ground activities related to cargo,
including:

e Loading and unloading containers and pallets.

e Transporting ULDs between aircraft stands and cargo terminals.

e Supporting special cargo (pharmaceutical, perishables, dangerous goods).
e Ensuring the efficient flow of shipments during peak operations.

Research indicates that up to 60% of total cargo handling time is influenced directly
by the performance of GSE. Delays caused by unavailable or malfunctioning
equipment can significantly impact flight schedules, customer satisfaction, and the
overall performance of the airport.

2.4 Logistics Operations in Airports
Logistics operations at airports include a series of interconnected processes:
e Cargo acceptance and documentation
o Storage and warehousing
e ULD preparation and build-up
o Ramp operations and aircraft loading
e Customs clearance and delivery
Ground Support Equipment plays a central role in enabling these processes by:
e Reducing the physical workload on staff
e Increasing handling speed
e Ensuring the safe movement of high-value and temperature-sensitive cargo
e Minimizing turnaround times

Studies, including Gibson (2021), highlight that logistics efficiency in airports is
highly dependent on the quality and readiness of ground-side operational
equipment.

Page 16



2.5 Maintenance and Reliability of GSE

GSE reliability is a critical factor in maintaining smooth cargo operations.
Maintenance practices include:

1. Preventive Maintenance (PM)

Scheduled maintenance activities designed to prevent breakdowns.

2. Corrective Maintenance (CM)

Repairs performed after equipment failure, often causing operational delays.
3. Predictive Maintenance

Uses data and sensors to predict failures before they occur.

Research by ICAO (2020) emphasizes that airports with strong preventive
maintenance programs report:

o 30-40% fewer equipment breakdowns
o Higher operational continuity
o Lower long-term maintenance costs

In hot climates such as Jeddah, hydraulic systems, batteries, and electrical
components are particularly vulnerable to failure, making effective maintenance
programs essential.

2.6 Impact of GSE Readiness on Operational Performance

Equipment readiness refers to how available, functional, and prepared GSE is at
any given time. High readiness levels contribute to:

e Reduced cargo handling time

e Smoother operational flow

o Less idle time for aircraft

o Improved service levels with cargo stakeholders
o Higher overall logistics capacity

On the other hand, low readiness leads to:
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o Congestion in the cargo yard

e Delayed ULD transportation

e Increased aircraft turnaround time

e Customer dissatisfaction

e Bottlenecks in time-critical cargo workflows

International research shows that improving GSE readiness by just 10% can reduce
total handling time by 15-20%.

2.7 International Standards and Regulatory Frameworks

Multiple global organizations issue standards governing the safe and efficient
operation of GSE. These include:

IATA (International Air Transport Association)
o Airport Handling Manual (AHM)
e IATA Ground Operations Manual (IGOM)

These manuals specify operational, technical, and safety requirements for cargo
handling equipment.

ICAOQO (International Civil Aviation Organization)
e Annex 14 — Aerodromes
o Safety Management Manual (SMM)

ICAO emphasizes the importance of equipment safety, maintenance procedures,
and hazard mitigation.

EASA & EU Ground Handling Regulations

Focus on standardizing equipment quality, operational safety, and certification
guidelines.

Compliance with these standards ensures uniformity, safety, and efficiency in global
cargo handling operations.
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2.8 International Case Studies

Several global airports documented significant improvements in cargo operations
through effective GSE management:

1. Changi Airport — Singapore

Implemented automated equipment dispatch systems, resulting in a 30% increase in
handling efficiency.

2. Frankfurt Airport — Germany

Upgraded their GSE fleet with modern electric equipment, reducing breakdowns by
25%.

3. Hamad International Airport — Qatar

Enhanced preventive maintenance scheduling and reduced equipment-related
delays by 40%.

4. Heathrow Airport — UK

Optimized GSE allocation systems and reduced congestion in cargo yards,
improving turnaround times.

These international examples highlight the importance of investing in GSE
modernization and management to achieve world-class cargo performance.

2.9 Theoretical Framework
The theoretical framework for this study is based on the relationship between:
Independent Variable:
Ground Support Equipment (GSE) Readiness
Dependent Variables:
e Cargo handling time
e Operational delays
o Logistics efficiency

o Equipment reliability
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e Turnaround time performance

The framework assumes that improved GSE readiness significantly enhances the
performance of air cargo operations.

2.10 Summary of the Chapter

This chapter reviewed the existing literature on Ground Support Equipment and its
crucial role in airport cargo operations. The review highlighted how GSE readiness,
maintenance practices, and distribution strategies directly affect cargo efficiency,
turnaround time, and logistics performance. It also incorporated international
standards and case studies to contextualize best practices.

The next chapter presents the methodology used to analyze GSE performance and
its impact on cargo operations at King Abdulaziz International Airport.
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Chapter Three

Research Methodology
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3.1 Introduction

This chapter outlines the research methodology used to evaluate the impact
of Ground Support Equipment (GSE) on the efficiency of air cargo and
logistics operations at King Abdulaziz International Airport (KAIA). It
explains the research design, study population, sampling method, data
collection tools, validity and reliability measures, data analysis approach,
and ethical considerations. The methodology is structured to ensure a
systematic and comprehensive assessment of operational challenges and
equipment performance.

3.2 Research Design

The study adopts a case study research design, which is appropriate for
examining real-world operational environments in detail. KAIA provides an
ideal context due to its large cargo volume and the complexity of its ground
operations.

The case study design allows the researcher to:
« Observe operational processes directly
« Analyze actual equipment performance and readiness
« Understand maintenance practices and operational challenges
« Integrate quantitative data with qualitative insights

This combination enhances the credibility and depth of the findings.

3.3 Study Population

The study population includes all stakeholders and components involved in
air cargo and logistics operations at KAIA. Specifically, it covers:

o Ground Support Equipment (GSE) fleets used for cargo operations
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Cargo handling staff (ramp agents, supervisors, equipment operators)
Air cargo operational teams under SAL (Saudi Arabian Logistics)
Maintenance technicians and engineers responsible for GSE

Operational records related to equipment availability, breakdowns,
and delays

ULD movement logs and turnaround time data

The population reflects both human and technical elements influencing

cargo handling performance.

3.4 Sampling Method

A purposive sampling method was used because the study targets specific
groups directly involved with GSE and cargo operations.

The sample includes:

Operational performance data covering 6—12 months
Daily GSE availability and breakdown logs
Cargo handling time records for selected aircraft types

Responses from 3050 staff members through a structured
questionnaire

Insights from supervisors and maintenance personnel through field
observations

This sampling approach ensures relevance and accuracy in capturing

operational realities.
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3.5 Data Collection Tools

To obtain comprehensive and reliable data, three primary data collection
tools were used:

3.5.1 Operational Data Records
These include:
o GSE availability rates (daily/weekly/monthly)
« Breakdown reports and maintenance logs
« Cargo handling time (per flight and per ULD)
« Delay codes linked to equipment shortages or failures
« Equipment utilization rates
« Preventive maintenance schedules and compliance data

Such data enables quantifiable analysis of operational efficiency.

3.5.2 Field Observation

Direct observations were conducted in the cargo apron and warehouse areas
to monitor:

o Equipment allocation and usage during peak operations
o Traffic flow between aircraft stands and cargo terminals
« Bottlenecks caused by equipment shortages

« Equipment handling practices by operators

« Real-time impact of breakdowns on cargo flow

Field observations added qualitative insights to complement numerical data.
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3.5.3 Structured Questionnaire

A questionnaire was distributed to cargo handlers, GSE operators,
supervisors, and maintenance teams to assess:

« Perceived equipment readiness

o Impact of GSE failures on workflow

« Efficiency of equipment allocation

« Adequacy of preventive maintenance

« Staff satisfaction with current operational processes

The questionnaire employed a Likert-scale format to allow quantitative
analysis of staff perceptions.

3.6 Validity and Reliability
Validity
To ensure the validity of the study:

o The questionnaire was reviewed by logistics experts and KAIA
supervisors

o Operational data was cross-checked with official monthly reports

o Indicators used aligned with IATA and ICAO standards for cargo
performance

« Data sources were verified for accuracy and relevance
Reliability
Reliability was ensured through:

« Consistent data collection over multiple months

« Using official equipment logs that cannot be manually altered
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Applying Cronbach’s Alpha to measure questionnaire reliability

Repeating observations during different shifts and peak hours

These measures enhance trustworthiness of the findings.

3.7 Data Analysis Approach

The data analysis consists of quantitative and qualitative methods:

3.7.1 Quantitative Analysis

Includes:

Statistical analysis of GSE readiness rates
Comparison of handling times with and without equipment shortages
Calculation of delay percentages caused by GSE

Correlation analysis between maintenance performance and
equipment availability

Trend analysis of breakdown frequency

3.7.2 Qualitative Analysis

Includes:

Interpretation of survey responses
Thematic analysis of field observation notes
Identification of operational challenges and improvement gaps

Synthesis of staff comments into actionable insights

The mixed-methods approach provides a balanced understanding of

operational realities.
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3.8 Ethical Considerations

Ethical standards were maintained throughout the study:

Permission was obtained from relevant KAIA operational authorities
Confidentiality of operational data and staff identity was ensured
Participation in the questionnaire was voluntary

No personal or sensitive data was collected

Data was used strictly for academic research purposes

3.9 Summary

This chapter described the methodology used to evaluate the importance of
GSE in enhancing air cargo and logistics operations. The combination of
operational data, field observations, and staff surveys ensures the study is
grounded in real operational experience. The next chapter presents the
findings and detailed analysis derived from these methods.
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Chapter Four
Findings and Analysis
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4.1 Introduction

This chapter presents and analyzes the findings derived from operational
data, staff surveys, maintenance logs, and field observations conducted at
King Abdulaziz International Airport (KAIA). The focus is on evaluating
how Ground Support Equipment (GSE) readiness, maintenance
performance, and allocation influence the overall efficiency of air cargo and
logistics operations. The findings are organized into key thematic areas to
provide a structured understanding of operational challenges and
performance gaps.

4.2 Equipment Availability and Readiness

GSE availability emerged as the most critical factor affecting cargo handling
efficiency. Analysis of operational logs revealed the following:

« Average equipment readiness across all cargo GSE categories ranged
from 80% to 85% during the study period.

« Readiness dropped by an additional 10-15% during peak hours,
especially for high loaders, tractors, and dollies.

o Approximately 25% of cargo flights experienced slowdowns or
operational gaps due to equipment unavailability.

Impact of Limited Readiness:

« Increased waiting time before loading/unloading operations could
begin.

« Container and pallet movement between aircraft and terminals slowed
down considerably.

« Backlogs and ULD congestion were observed in high-traffic zones.

The findings confirm that GSE readiness directly affects the velocity and
reliability of cargo operations.
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4.3 Impact of GSE on Cargo Handling Time

Cargo handling time was identified as one of the most sensitive performance
indicators influenced by equipment readiness.

Key Findings:
o Increased GSE availability reduced cargo handling time by 18-26%.

« Newer high loaders and tractors reduced handling time significantly
compared to older equipment.

o Older equipment models increased loading/unloading time by 4-7
minutes per aircraft.

Cargo Handling Time Comparison:

Scenario Average Time (Minutes)
Full GSE availability 45-55 minutes
Partial equipment shortage 60—75 minutes

Equipment malfunction = 70-90 minutes

The data clearly indicates that GSE performance is one of the strongest
determinants of aircraft turnaround efficiency.

4.4 Maintenance Performance and Equipment Breakdowns
Maintenance logs revealed recurring patterns in equipment breakdowns:
Breakdown Distribution:

o 60% of breakdowns were related to hydraulic and lifting systems
(high loaders).

« 25% involved battery or electrical issues (tractors, belt loaders).

o 15% were attributed to operator misuse or lack of training.
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Operational Impact of Breakdowns:
« High loader failures caused complete shutdown of loading operations.

o Tractor breakdowns restricted ULD movement, leading to cargo yard
congestion.

« Malfunctioning refrigerated units posed risks to perishable and
pharmaceutical cargo.

Preventive maintenance (PM) gaps were found to contribute to a 20%
increase in unplanned maintenance events during peak season.

4.5 Equipment Allocation and Distribution

Field observations highlighted inefficiencies in the allocation and
distribution of GSE across cargo stands:

Key Issues Identified:

« Excess equipment stationed at low-traffic stands while high-traffic
stands suffered shortages.

« Equipment frequently relocated across distant stands, increasing
transit time and fuel consumption.

« No real-time dispatching or tracking system for efficient equipment
allocation.

Effects of Poor Allocation:
o Increased queuing time for ULD movement.
« Higher risk of operational bottlenecks.
« Uneven wear and tear across equipment fleets.

The findings underscore the need for a dynamic allocation system based on
flight schedules, cargo volumes, and equipment utilization.
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4.6 Cargo Delays Related to GSE

Analysis of delay records showed that Ground Support Equipment
contributed significantly to cargo delays.

Delay Breakdown:

o 30-35% of cargo handling delays resulted directly from GSE
unavailability or malfunction.

o 18% were due to the absence of high loaders at required times.
o 12% were caused by tractor or dolly shortages.

o 5% were due to unavailable refrigerated units for temperature-
sensitive cargo.

These delays affected not only aircraft departure times but also cargo
delivery commitments to downstream logistics partners.

4.7 Survey Results: Staff Perception of GSE Performance

Survey responses from 47 participants (operators, supervisors, maintenance
staff) provided valuable qualitative insights.

Key Survey Results:

« 78% stated that inadequate GSE readiness directly delays cargo
operations.

o 82% believed the current maintenance program is insufficient.

o 74% reported equipment shortages during peak hours.

« 81% stated that operator training needs significant improvement.
« 69% emphasized the need for a GSE tracking or dispatch system.

Common Comments from Staff:
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« “High loaders are often unavailable during critical flights.”

« “Some tractors are overused because others remain idle elsewhere.”
« “Battery failures during night shifts are a major issue.”

« “We need modern equipment, not just more equipment.”

These perceptions strongly align with operational data, validating the
analytical findings.

4.8 Safety Findings Related to GSE
Several safety observations were documented:
« Inadequate daily safety checks increased operational risks.

« Faulty brakes and steering components were recorded in some
tractors.

« Unsafe high loader operations led to two recorded incidents of cargo
shifting.

« Lack of operator training contributed to improper equipment handling.

These findings echo ICAO’s emphasis on integrating equipment safety into
airport safety management systems.

4.9 Benchmark Comparison with International Airports

KAIA’s GSE performance was benchmarked against leading global airports.

Performance KAIA Changi Frankfurt Hamad
Metric (SIN) (FRA) (DOH)
Equipment

; 80—85% ~95% ~92% ~94%
Readiness
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Perfo.rmance KATA Changi Frankfurt
Metric (SIN) (FRA)
Breakdown Rates Higher Low Medium
Cargo Handling Higher by

L L
Time 15-20% ower ower
Tracking Systems Limited Advanced Moderate

Hamad
(DOH)

Low

Lower

Advanced

This comparison highlights opportunities for improvement in fleet

modernization, maintenance, and tracking capabilities.
4.10 Summary of Findings

The analysis shows that:

« GSE readiness strongly influences cargo handling time and overall

logistics efficiency.

« Breakdowns and poor preventive maintenance significantly disrupt

operations.

« Inefficient allocation systems lead to equipment shortages and

congestion.

« Staff perceptions highlight training gaps and insufficient equipment

availability.

o KAIA performs below international benchmarks in certain readiness

and efficiency metrics.

These findings reinforce the importance of enhancing GSE management

practices to improve cargo performance.
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Chapter Five

Conclusion and Recommendations
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5.1 Introduction

This chapter presents the overall conclusions of the study and links the
findings to the research objectives, questions, and hypotheses established in
the earlier chapters. It also provides practical and technical
recommendations to improve Ground Support Equipment (GSE)
performance at King Abdulaziz International Airport (KAIA). The chapter
concludes with the study’s limitations and suggestions for future research.

5.2 Summary of Key Findings

The aim of this research was to evaluate the importance of Ground Support
Equipment (GSE) in enhancing the efficiency of air cargo and logistics
operations at KAIA. The study analyzed operational data, survey feedback,
and field observations to assess equipment readiness, distribution efficiency,
maintenance practices, and the resulting impact on cargo handling
performance. The major findings can be summarized as follows:

1. GSE readiness significantly influences cargo handling efficiency.

Low availability and poor equipment condition were responsible for 30—
35% of all cargo delays, mainly due to shortages of high loaders, tractors,
and dollies.

2. Preventive maintenance plays a critical role in equipment reliability.

Hydraulic, electrical, and battery-related failures accounted for 85% of
breakdowns, indicating gaps in preventive maintenance planning.

3. Equipment allocation and distribution are major operational
challenges.

Uneven equipment distribution across stands and lack of a real-time
dispatching system created bottlenecks and increased handling times.

4. Cargo handling time is highly sensitive to GSE performance.
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Delays caused by GSE shortages increased the average handling time from
45-55 minutes to 70—90 minutes during disruptions.

5. Staff perceptions reinforce operational findings.

Survey results indicated widespread dissatisfaction with GSE availability
and maintenance, with over 78% of staff reporting frequent equipment-
related delays.

6. Benchmarking shows KAIA lagging behind global airports.

KAIA’s equipment readiness (80-85%) is lower than leading airports such
as Changi (95%) and Hamad (94%), highlighting modernization
opportunities.

Overall, the findings confirm the study’s hypotheses and emphasize that
GSE management is a central determinant of cargo efficiency at KAIA.

5.3 Practical Recommendations

These recommendations focus on improving operational practices and
increasing overall cargo handling efficiency:

1. Optimize Equipment Allocation
o Implement a real-time GSE Dispatching and Allocation System.
« Prioritize equipment for high-volume flights and peak operations.
« Designate dedicated equipment pools for each cargo zone.

2. Increase Fleet Availability

o Acquire additional high loaders, tractors, and dollies to meet peak
demand.

« Replace outdated equipment exceeding its operational life cycle.

« Use data-driven utilization reports to determine fleet expansion needs.
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3. Improve Cargo Flow Efficiency
« Reduce ULD queuing time by coordinating movement paths.
« Enhance communication between ramp teams and warehouse teams.
« Introduce clear Standard Operating Procedures (SOPs) for ULD flow.
4. Strengthen Workforce Training
« Regularly train equipment operators on safety and proper handling.
o Provide refresher training for newly updated or purchased GSE.

« Introduce simulator-based training for high loaders and tractors.

5.4 Technical Recommendations

These recommendations focus on engineering and system upgrades that
improve long-term reliability:

1. Enhance Preventive Maintenance (PM) Programs
« Design PM schedules based on failure patterns and climate conditions.
« Implement digital maintenance tracking via a CMMS system.
« Assign dedicated mobile maintenance teams for peak hours.
2. Adopt Smart Tracking Technologies
 Install GPS and RFID systems to track GSE movement in real time.
« Use digital dashboards to monitor availability and utilization.
« Reduce idle time and eliminate time wasted locating equipment.
3. Expand Electric GSE (E-GSE) Fleet
« Replace diesel tractors and loaders with electric alternatives.

« Reduce breakdowns, noise, emissions, and long-term operating costs.
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4. Implement Automated Performance Monitoring

Install onboard sensors to monitor battery health, hydraulic pressure,
and usage hours.

Use automated alerts for predictive maintenance and early fault
detection.

5.5 Study Limitations

Despite valuable insights, the study has certain limitations:

l.

Data limitations — Some operational logs were incomplete or varied
in accuracy across departments.

Limited participation — Not all staff participated in the survey,
affecting generalizability.

. Time constraints — The study used data limited to specific months

rather than a full annual cycle.

Financial assessments not included — The study did not evaluate
the cost impact of fleet upgrades.

These limitations should be considered when interpreting the findings.

5.6 Future Research Directions

The following areas are recommended for future studies:

1.
2.

Cost-benefit analysis of modernizing GSE fleets

Al-driven predictive maintenance models for GSE

. Impact of E-GSE adoption on operational efficiency

Comparative studies with other major airports in the GCC
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5. In-depth analysis of workforce competency and training

These studies would enhance the understanding of GSE’s role in long-term
airport development.

5.7 Conclusion

The study concludes that Ground Support Equipment is a critical enabler of
air cargo performance at King Abdulaziz International Airport. GSE
readiness, preventive maintenance, and efficient equipment allocation
directly impact cargo handling speed, operational reliability, and service
quality. The findings highlight the need for modernization, structured
maintenance programs, and advanced fleet-tracking technologies to elevate
KAIA’s cargo operations to global standards.

Enhancing GSE performance is not only an operational necessity but also a
strategic requirement for supporting Saudi Arabia’s ambition to become a
world-leading logistics hub under Vision 2030. Implementing the
recommendations provided in this study will significantly improve cargo
efficiency, reduce delays, and strengthen the airport’s overall
competitiveness.
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Survey Questionnaire

Title: GSE Performance and Operational Efficiency Survey at King
Abdulaziz International Airport

Purpose:

To collect staff insights regarding Ground Support Equipment
readiness, maintenance quality, and operational impact on air cargo
handling.

Section 1 — Demographic Information

1. Position:
o [ Cargo Handler
o [ GSE Operator
o [ Supervisor
o [ Maintenance Technician
o [ Other:
2. Years of Experience:
o O <1year
o 0O 1-3 years
o [13-5years

o [1>5years
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Section 2 — Equipment Readiness

3. GSE readiness meets operational needs:

L1 Strongly Agree

o [l Agree

« [ Neutral

o [l Disagree

o [ Strongly Disagree

4. Equipment shortages affect your daily tasks:
o [OYes

o O No
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Section 3 — Maintenance Performance
5. Preventive maintenance is performed consistently:

o [ Strongly Agree
o [l Agree
« [ Neutral
« [ Disagree
« [ Strongly Disagree
6. Equipment breakdowns frequently delay cargo operations:
o [ Strongly Agree
o [ Agree
o [ Neutral
o [l Disagree

o [ Strongly Disagree
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Section 4 — Operational Efficiency
7. Poor allocation of GSE causes operational delays:

o [ Strongly Agree
o [l Agree
« [ Neutral
« [ Disagree
« [ Strongly Disagree
8. ULD movement is affected by equipment unavailability:
o [ Strongly Agree
o [ Agree
o [ Neutral
o [l Disagree

o [ Strongly Disagree
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Dear DI, oo ,
I hope this message finds you well.

I would like to inform you that I am a student at Midocean University — College of
Management, pursuing a Master of Business Administration (MBA). [ am currently
working on my research project titled:

“The Importance of Ground Support Equipment (GSE) in Enhancing the Efficiency
of Air Cargo and Logistics Operations at King Abdulaziz International Airport —
Jeddah.”

I kindly request your valuable expertise in reviewing and validating the questionnaire
related to my research.

Attached is a copy of the questionnaire. I would be grateful if you could kindly review it
and provide your feedback regarding the accuracy, clarity, and relevance of the
statements in measuring the study’s objectives. I also welcome any suggestions or
modifications you deem appropriate, whether by rephrasing, removing, or adding new
items.

Thank you very much for your time and effort. I look forward to receiving your insightful
comments.

Sincerely,

Abdul-Aziz Ibrahim Muharam
MBA Candidate

Azizo0101@hotmail.com
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