[bookmark: _Toc162901369][image: UWTSD LOGO]






Name: Abdirahman Osman Mohamed
Student ID: 1916611
Programme: e-MBA, Dissertation (BMMB7003D)

Title: Disruption of technology in developing African markets: Research of the impact of automation on operations of the Mombasa Port






























	
EXAMINATION OF TAUGHT MASTER'S DEGREE DISSERTATION: 

NOTICE OF CANDIDATURE FORM
1

Please complete this form when your dissertation is ready to be submitted for examination.  


	
Surname/Family Name: Mohamed 	 Date of Birth: 02/12/1986	 
Forenames (in full):  Abdirahman Osman	Title: Miss Mr.	      
Institution Number (if known) 	
Title of Degree (eg MA, MSc, MBA etc): eMBA........................................................................................
Title of Taught Master's degree scheme followed (eg Equine Studies): Master of Business Administration (online)	
Department/School in which study pursued: Institute of Management and Health/Carmarthen Business School	
Name of your Supervisor:  Glenn Behenna	
Full Title of dissertation submitted    Disruption of technology in developing African markets: Research of the impact of automation on operations of the Mombasa Port	
	
	
Please indicate that the following will all be submitted along with this form:

two permanently bound copies of your dissertation plus 1 electronic copy submitted via Turnitin; YES
	

	 

	



SUBMISISION OF DISSERTATIONS

	
	Final Dissertation submission

	X
	Dissertations to be submitted via Turnitin, 














[bookmark: _Toc172113624][bookmark: _Toc172114237][bookmark: _Toc187115362]

[bookmark: _Toc189240120]Student’s Declaration

I, the undersign, declare that this is my original work, except where otherwise stated
and has not been submitted to any other college or university other than University of Wales, Trinity Saint David. 



Signed:   [image: ] _	Date: 30 January 2025

Abdirahman Osman Mohamed






[bookmark: _Toc73347057][bookmark: _Toc78969066][bookmark: _Toc73347981][bookmark: _Toc72772052][bookmark: _Toc94653361][bookmark: _Toc172113625][bookmark: _Toc172114238][bookmark: _Toc187115363][bookmark: _Toc189240121]Copyright
All the rights reserved. No part of this thesis may be photocopied, recorded or otherwise reproduced, stored in a retrieval system or transmitted in any electronic or mechanical means without prior permission of the copyright owners.

Copyright © by Abdirahman Osman Mohamed, 2025
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[bookmark: _Hlk188033563][bookmark: _Hlk187336070][bookmark: _Hlk187342325][bookmark: _Hlk188033419]Estimation of non-tariffs caused by the road delays of cargo cost the importer approximately Kenya Sh 40,000 per day, and any day saved contributes to a reduction in logistics cost. To reduce this exposure, ports are embracing automation of their operations. Therefore, the study sought to investigate the impact of automation on operations at Mombasa Port. Specifically, the study aimed to investigate the effect of cargo handling automation on operational efficiency of Mombasa port and to assess the effect of yard operations’ automation on operational efficiency of Mombasa port.  The study used descriptive research design and the target population included 100 employees at the port of Mombasa. Data collection employed mixed approach with survey conducted together with 5 structured interviews to attain data triangulation and thematic saturation level. The quantitative data was analysed using descriptive such as frequencies, percentages, means and standard deviations and inferential statistics including Pearson correlation and regression models. For qualitative interviews that were analysed by using thematic approach, the results were presented in form of tables, figures, and thematic narratives. Regarding cargo handling automation, container position tracking systems helped in locating containers within the yard (Mean =3.77, std =0.39). With reference to automation of yard operations, strategies were in place to integrate new automation technologies with existing port management systems (Mean =3.84, std=0.36). Finally, regarding port operational efficiency, the analysis revealed that the adoption of automated tracking and management systems had enhanced accuracy in container placement (Mean = 3.79, std =0.72). The study concludes that cargo handling automation at the Port of Mombasa has positively influenced execution of various operations. It also concludes that yard automation improved container tracking activities. Similarly, it concludes that yard automation reduces human intervention which enhances standardisation of operational performance and service quality. The study recommends that Kenya Ports Authority (KPA), cargo owners and shipping firms should integrate digital dashboard which is accessible to the port users to reveal real time cargo movement. It is also necessary to implement a centralised mobile app for communication and scheduling by stakeholders. Finally, further research could investigate the critical success factors such as organisational culture, leadership style and organisational resources on the adoption of these technologies.
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1.1 [bookmark: _Toc189240126]Introduction
1.2 [bookmark: _Toc162901370][bookmark: _Toc189240127]Background
[bookmark: _Hlk187323857]Container terminals serve crucial function in the global supply chain by facilitating the movement of goods. In the early 2010s, around 53 automated container terminals have emerged globally, accounting for 4% of global capacity. Most are new, with most in Europe (28%), Asia (32%), Oceania (13%), and the United States (11%) (Kim, Kim, & Kang, 2022). The first automated terminal was the ECT Delta terminal in Rotterdam in 1993, which used automated stacking cranes (ASCs) and automated guided vehicles (AGVs) for container transfer (Orive & González-Cancelas, 2022). The operational dynamics of UK ports are shaped by several factors, including EU expansion, far east sourcing, and inland connectivity. The expansion of multimodal transport and dry ports further underscores the UK's adaptation to changing trade patterns, promoting efficiency in logistics and mitigating congestion around seaports (Grainger et al., 2018; Garnwa, Beresford, and Pettit, 2009).
Port automation refers to the mechanisation of cargo handling processes in container ports, aiming to reduce manual labor through the use of autonomous machinery. Container terminal automation involves the use of robotised and remotely controlled handling systems, transitioning from manual to automated processes (Yu, Deng, Zhang, Xiao, & Tan, 2022).  This technology enables digitalisation and smart port implementation, reduces human intervention in industrial activities, increases control over equipment and processes, therefore, automation improves in efficiency and productivity. The container port handling process involves transferring containers from ships to the port and onto subsequent transport modes, including trucks, trains, and barges. This process includes quayside operations (loading and unloading vessels), yard operations (temporary container storage), and landside operations (dispatching containers to their next destination). Automation in port operations varies in scope, with significant advancements in yard and landside operations but limited progress in quayside operations due to the complex nature of tasks such as twist-lock handling and quay crane operation.
The automation of container handling processes shows a clear divide among different operational areas. Kiggira, Mwirigi, and Shale (2015) contended that Quayside operations, including quay crane operation and twist-lock handling, remain minimally automated due to the challenges in aligning cranes and managing vessel movement. Conversely, yard operations, involving container stacking, and landside operations, such as port gate checking, are highly automated (Mumia, 2021). The technologies such as Automated Guided Vehicles (AGVs) and Radio-Frequency Identification (RFID) systems have improved efficiency in yard and landside operations. The extent of automation varies, with fully automated terminals leveraging advanced technologies for enhanced operational efficiency, while semi-automated terminals still rely on manual intervention in some subprocesses.
[bookmark: _Hlk187323885]Modern ports are increasingly adopting automation to streamline operations and enhance efficiency. Technologies such as Automated Guided Vehicles (AGVs) and Automated Stacking Cranes (ASCs) have transformed traditional cargo handling, reducing the need for manual labor and increasing throughput (Yu, Deng, Zhang, & Xiao, 2022). AGVs navigate predefined routes to transport containers within the terminal, while ASCs autonomously stack and retrieve containers with high precision. These innovations minimize human error, boost operational speed, and cut down on labor costs. Additionally, real-time tracking systems, powered by IoT, enable comprehensive monitoring of cargo conditions and terminal equipment, ensuring timely maintenance and reducing operational disruptions.
[bookmark: _Hlk187323905]Another significant trend is the integration of Artificial Intelligence (AI) and 5G technology into port operations (Kon et al, 2021). The AI algorithms optimise logistics processes by predicting container arrivals and improving stacking patterns, which enhances overall terminal efficiency. Meanwhile, 5G technology provides ultra-fast communication, supporting real-time data transmission and enabling advanced automation systems to operate seamlessly. This connectivity allows for remote monitoring and control of critical operations, which not only improves safety but also supports scalability and flexibility in terminal operations. As ports continue to evolve, these technologies play a crucial role in shaping the future of maritime logistics.
Yard automation in port terminals significantly enhances operational efficiency by integrating advanced technologies such as Automated Guided Vehicles (AGVs) and Automated Stacking Cranes (ASCs). Research by Yu et al. (2022) demonstrates that automation in yard operations leads to improved container handling efficiency and reduced operational costs. The use of automated systems allows for precise control and scheduling, minimizing delays and increasing throughput (Yu et al., 2022). Similarly, Kon et al. (2021) highlight that the adoption of automation technologies in container terminals results in higher productivity and cost savings, while also supporting environmental sustainability through reduced emissions and energy consumption (Kon et al., 2021). 
The implementation of yard automation also faces challenges related to system integration and technology adaptation. Martín-Soberón et al. (2014) discussed that while automation can streamline operations, it requires significant investment in technology and infrastructure, which may pose challenges for ports with limited budgets (Martín-Soberón et al., 2014). Additionally, Kon et al. (2021) note that the limited availability of expertise in managing automated systems can hinder the effective implementation of these technologies (Kon et al., 2021). Addressing these challenges is crucial for maximizing the benefits of yard automation in container terminals.
Automation in port container terminals has led to notable advancements in port productivity. The integration of technologies such as Automated Guided Vehicles (AGVs), smart cranes, and terminal operating systems has revolutionised port operations. Automated systems increase efficiency by reducing the need for manual labor and optimising cargo handling processes. For example, the implementation of AGVs and automated stacking cranes has been shown to significantly enhance berth productivity and reduce turnaround times (Al-Fatlawi & Motlak, 2023). Furthermore, the use of real-time data analytics allows for better resource allocation and improved operational decision-making (Ali et al., 2020). Despite these benefits, some studies indicate that the overall impact on port performance varies, with automation not always translating into higher productivity across all ports (Raimund, 2020).
However, the benefits of automation must be weighed against its environmental impact. The increased energy consumption and greenhouse gas emissions associated with high-tech automated systems have raised concerns. Although automation can lead to operational efficiencies, it can also contribute to environmental degradation if not managed properly (Al-Fatlawi & Motlak, 2023). The use of energy-efficient technologies and renewable energy sources in smart ports is crucial to mitigating these negative effects (Ali et al., 2020). The challenge lies in balancing the productivity gains from automation with the need for sustainable practices to ensure that the advantages of smart port technologies do not come at an unacceptable environmental cost (Raimund, 2020).
[bookmark: _Hlk187323936]Introducing Automated Guided Vehicles (AGVs) and robotic container handling systems can significantly enhance operational efficiency at ports. The Port of Rotterdam, for instance, reported a 30% increase in container handling speeds and a 20% reduction in operating costs once adopted technologies in their day-to-day operations (Port of Rotterdam Authority, 2022). Such automation minimises human error, increases productivity, and reduces waiting times for vessels, enabling faster cargo turnover. Similarly, Artificial Intelligence (AI) and Machine Learning (ML) optimises operations by predicting vessel arrivals, managing yard operations, and forecasting cargo volumes. A McKinsey study (2023) estimated that AI-powered optimisation could reduce vessel turnaround times by up to 20% and increase overall port productivity by 10-15%.
Blockchain Technology enhances transparency, reduces fraud, and streamlines documentation processes. A pilot project at the Port of Antwerp using blockchain for container release showed a reduction in administrative costs by up to 50% (Port of Antwerp, 2022). Moreover, Internet of Things (IoT) and Big Data Analytics offer real-time monitoring of port operations, track equipment, and can monitor environmental conditions. Deloitte (2023) found that ports using IoT and big data analytics improved asset utilisation by 10-15% and reduced maintenance costs by 20-25%. Finally, Green Technologies, like shore-to-ship power systems, substantially cut emissions. The Port of Los Angeles, for example, reported a 95% reduction in ship emissions at berth (Port of Los Angeles, 2023).
Automation in European ports, such as Antwerp and Rotterdam, significantly enhances port efficiency and cargo handling capabilities through the use of advanced technologies like automated guided vehicles and automated stacking cranes. These technologies help in reducing downtimes and accidents while increasing throughput (Dávid et al., 2019). However, the levels of automation differ among ports due to factors like port history, absorptive capacity, and strategic priorities. For instance, Antwerp and Rotterdam have divergent automation intensities despite having similar scales and costs, driven by different capital-labor ratios and strategic decisions by terminal management (Harbi, 2020).
Automation also presents challenges, particularly concerning labor relations. While automation reduces the need for dockworkers, it does not entirely eliminate human labor. Instead, there is a shift toward maximising productivity with minimal wages, prompting resistance from trade unions and dockworkers. In Antwerp, for example, the automation process led to negotiations on working conditions and job security, with unions advocating for worker rights amidst technological advancements (Bottalico, 2022). Therefore, while automation is transformative, it involves complex dynamics between technology and labor that must be carefully managed.
Port automation has brought about significant shifts in container terminal operations, resulting in both benefits and challenges. Job losses among dockworkers have been notable, with reductions ranging from 40-85% in terminals such as TraPac in Los Angeles, Patrick's in Sydney, and Qingdao's automated terminal (International Transport Forum, 2021). Despite of digitisation challenges such as job losses to some port workers, smart ports in Africa are the future and might address the continent's growing demand for imported goods and boosting economic growth (Othman, El Gazzar, & Knez, 2022). 
[bookmark: _Toc523852850]The Mombasa port in Kenya, is a vital maritime gateway for regional trade, handling over 1.4 million containers annually (Gekara & Chhetri, 2013). Mombasa Port vision is to improve port services, customer satisfaction, labor productivity, risk management, and environmental sustainability (Kiogora, Kinyua, & Gichuhi, 2022). The global expansion of automated container terminals necessitates for the port of Mombasa to adopt to the new technologies and gain insights into the market dynamics to which they operate in. There is a significant competition between ports to meet customer demands, therefore, customers choose services not because of the fancy features and the wealth of information but its benefits, efficiency and solving their daily problems. (Hooley, Piercy, Nicoulaud, 2008, p17-23).
[bookmark: _Toc189240128]1.2. Statement of the Problem
Increased sea cargo volume and the ever-changing technology in the maritime transport industry puts pressure on port management decision makers to upgrade their systems and provide cutting-edge technology. The Port of Mombasa is a vital East African trade hub but suffers delays in clearing processes, inadequate agent training, and bureaucratic hurdles within the customs clearance (Gekara & Chhetri, 2013). It handles over 1.4 million twenty-foot equivalent units (TEUs) annually serving landlocked countries such as Democratic Republic of Congo, Burundi, Rwanda, South Sudan and Uganda (Kenya Ports Authority, 2023). 
Despite efforts to streamline procedures, goods can take up to two weeks to clear, exceeding the 48-hour timeframe. Ideally, the traditional paper-based systems and manual processes at East African ports like Mombasa hinder operations, resulting in average documentation and customs clearance times of 12 days, compared to 5-6 days globally (African Development Bank, 2022). The tax burdens and outdated manual paperwork further exacerbate these issues, emphasising the need for digitisation and automation of the port processes. Road delays of cargo cost the importer Kenya Sh 40,000 per day and any day saved contributes to a reduction in logistics expense (Onserio, 2017). Mumia (2021) argued that automating customs processes is associated to improve the overall performance of port operations, which indicates the need of single window for information systems among government agencies. Murugi (2022) established that new technology adoption by the customs has a positive effect on clearance and logistics performance in Mombasa port processes and release of goods. 
Talam (2021) surveyed 137 respondents at the Port of Mombasa and found that information systems, infrastructure, and customs clearance significantly affect service delivery. However, Talam's research lacks specificity regarding the role of automation in improving service delivery, limiting insights into how technological advancements can enhance port operations. Some problems associated to the inefficiency of the Mombasa port include, port dwell time, fleet management of loading and unloading goods, customs process, etc. (KPA, 2010). The port faces significant congestion and capacity constraint. According to East African Community (2023), the average dwell time for containers at the port is 5.6 days, significantly higher than the global best practice of 3-4 days. This congestion leads to increased costs for shippers and delays in cargo delivery, ultimately affecting the entire supply chain. The port also struggles with inefficiency clearing and forwarding processes, poor pricing models, and general limited automation in some of the core processes. Specifically, the customs and excise département under Kenya Revenue Authority has been critiqued for limited officers that service many customers and possible corruption practices involving in the clearing agents in addition to the bureaucratic procedures in place. Despite in the port’s strategic significance, these operational and strategic challenges threaten its efficiency and competitiveness in the region. Therefore, the current study aims to investigate the impact of automation on operations at Mombasa Port.
[bookmark: _Toc189240129]1.3. Research Objectives and research question. 
The research sought to address the following objectives:
· To investigate the effect of cargo handling automation on operational efficiency of Mombasa port.
· Cargo clearance procedures in Mombasa port causes bottlenecks in product supply chains. 
1. Question one: How did the implementation of cargo handling automation technologies impacted the efficiency and reliability of the cargo movement at Mombasa Port? 
· [bookmark: _Hlk176425488]To assess the effect of yard operations’ automation on operational efficiency of Mombasa port.
2. Question two: Assess the strategy and systems put in place by the port of Mombasa management to ensure increased efficiency and productivity?
3. Question three: How did the automation of the yard operations at Mombasa Port impacted the overall workflow of the port? Discuss key achievements and challenges of integrating the new systems into the existing yard operations processes. 
2.0 [bookmark: _Toc162901371][bookmark: _Toc189240130]Literature Review 
[bookmark: _Toc189240131]2.1. Port productivity
Port competitiveness can be measured on productivity which impacts the economic growth and attractiveness to use the port.  In the management theory, strategic management is to point out the objectives of the organisation and the actions to achieve towards the purpose. (Lynch, 2015).  Some organisations use the strategy to screen competition and battle against each other, while others see an opportunity to cooperate and add value to the market share. (Whittington et al, 2017). Kosiek et al. (2023) emphasized the role of modern technologies in innovation and maintaining a competitive position in the international economy.  The research assessed the strategy and systems put in place by the port of Mombasa management to ensure increased productivity. The essence is to ensure that The Port of Mombasa remains competitive. 
Di Vaio and Varriale (2019) studied the of digital platforms on business process management in Italian seaports. The study focused on the inter-organisational relationship systems among public and private players. It employed a multiple case study methodology, analysing the adoption of two digital platforms (TPCS and GAIA) in two Italian ports. It was established that digitalisation enhanced the efficiency of port operations by reducing time schedules and paper documents, contributing to sustainability goals. The analysis of the port of Mombasa factors the employee roles and responsibilities which influence implementation of automation practices. According to Bottalico (2022) labor relations and resistance to automation influence success of automation processes in the Port of Antwerp and union strategies. Popoola et al. (2024) contend that skill requirements, employment patterns, and operational dynamics shape the outcomes of automation on maritime workforce management, 
Gattusoa and Pellicanòa (2023) outline the benefits of port productivity in reducing time and costs in freight operations. In comparison, port terminals in developing countries often employ traditional and automated handling systems. However, technological readiness and financial commitment influence transition to fully automated systems. The Port of Mombasa has been derailed by high initial capital investment and less technical know-how required for operating these systems; hence the decision to embrace phased implementation was required (Mumia, 2021). The port is also exposed to operational risks including cybersecurity threats and technological failures which could disrupt port activities. Locally, The Port of Mombasa seeks to map technological and environmental sustainability integration in its cargo handling operations.
Port sustainability in terms of energy efficiency is a critical success factor. Nigro et al. (2024) examined energy-efficient growth in the Italian port sector, focusing on the decarbonisation of maritime activities and the infrastructural challenges posed by alternative fuels. The analysis was based on systematic review outlining the role of automation in energy efficient port operations. In developed ports, Automated Guided Vehicles (AGVs) are increasingly relevant for operational sustainability (Kiggira et al, 2015). Tsolakis et al. (2021) assessed the environmental benefits of adopting AGVs and AI-driven logistics in container terminals. The analysis was based on a simulation study at Piraeus Port. The innovation resulted in significant gains in routing efficiency and sustainability. For the Port of Mombasa, these risks are particularly pertinent due to varying levels of technological adoption and preparedness. The prevailing status reveal a need for studies that evaluate both benefits and vulnerabilities.
2.2. [bookmark: _Toc189240132]Port Automation and Efficiency

The operational aspect of a business involves producing goods or services, with a focus on service production (Boakye, Li, & Asare, 2021). Ports significantly impact a country's productivity, therefore, understanding port efficiency is crucial. Port efficiency is measured by throughput and is influenced by factors within organisational control. Port management has control of the rates; hence, efficiency can be measure in the freight rates charged by shipping companies, turnaround time of ships and cargo dwelling time. According to Sepdeya (2023), due to terminal congestion and potential increased charges, ports prefer to handle some of the cargo in Inland Container Depot. Comparably, cargo handling at the Inland Container Depot in Kenya involves various processes, starting with container arrival via the Standard Gauge Railway (SGR) and storage in designated blocks. Real-time cargo information is recorded in the Kenya Ports Authority terminal operation system, by monitoring and analysing throughput cargo. The Kenya Revenue Authority developed an integrated Customs Management System (iCMS) that aims to reduce human intervention in cargo verification, thus, improving the overall efficiency (Mwai, 2021).  

The increasing global trade and containerisation demand for port systems is expected to increase, necessitating efficient operation as linkages between sea and other transport modes (Sepdeya, 2023). The research attempts to address issues, such as port systems in place, focusing on technology such as cargo and equipment tracking, automated guided vehicles, and communication technologies. As Yu et al. (2022) asserted, these systems enhance inventory control, reduce labour costs, and improve operational efficiency by tracking and monitoring cargo and equipment in real-time. In addition, the electronic data exchange is essential for seamless information sharing, speeding up cargo movement, reducing processing and inspection time, and improving vehicle throughput, data accuracy, yard efficiency, and eliminating paperwork. 

According to Recalde et al. (2023) automation has attracted benefits such as reduced transportation costs and optimised port space at ESTIBA+ 2022 project. 
 Similarly, the port of Mombasa strives to optimize space in cargo handling and yard operations. Thus, automation contribute to development of smart ports, enhancing efficiency, safety, and environmental compatibility. Majoral, Reyes, and Saurí (2024) investigated the productivity rates of automated container terminals compared to conventional ones, using an analysis of various academic and industry sources. The study found that while automation might reduce operational costs, there is no strong evidence linking it to greater productivity; semi-automated terminals often performed better in handling times. The issue of port congestion is evident in the case of Mombasa with delayed clearance during high demand seasons, affecting terminal efficiency and overral performance. 

Camarero Orive et al. (2020) added that automation of container port terminals through the Business Observation Tool (BOT) methodology provides comprehensive approach to implementing automation under varying environmental conditions. However, Gekara and Nguyen (2020) found that technological, organisational, and environmental factors, like inadequate ICT infrastructure and a lack of skilled workers, led to Terminal Operating Systems (TOS) failure at the Port of Mombasa. For the Port of Mombasa, where power reliability directly affects cargo processing speeds and overall port efficiency, examining these interconnected variables could provide insights into optimising both equipment and operational management. 

The results indicate that IT has a positive direct effect on port operational efficiency (OE) and an indirect effect on port OE through organizational culture (OC). The mediating role of OC is statistically insignificant. Mumia (2021) also examined the effect of automation of cargo documentation on customs performance at the Port of Mombasa. The analysis found that automation improves performance. However, this study did not factor the impact of integrated automated systems with external stakeholders such as shipping lines and freight forwarders.  
2.3. Limiting factors
Nwaogbe et al. (2019) states that the improvement of port operational performance is needed to achieve a level of operational efficiency to avoid congestion in the port. Sunitiyoso et al., (2022) observe that the most important factor is generally the port performance that supports the service system related to infrastructure development, including information and communication technology, service procedures, and human resources. The current trends in ports management; however, suggest existence of numerous inefficiency challenges reflected in long ship turnaround time, increasing trend of cargo dwell time, high cargo pilferage risk rate, poor condition of port infrastructure and superstructure, multiple charges and government agencies, cumbersome cargo clearance and examination procedures (Nwokedi, Ndikom, Okoroji, & Nwaorgu, 2021).

Tijan et al. (2022) conducted the case study of the Port of Rijeka, using the following identified competitiveness factors: the port’s geographical location, feeder connection, and maritime connectivity, infrastructure and superstructure of the container terminal, berth length, depth of the port and port area characteristics, road and railway infrastructure, port reputation, costs, customs procedure efficiency, and ICT systems.   Additionally, Demissie (2022) observes that unfinished infrastructure; shortage of advanced equipment and machines; shortage of freight transport; absence of railway; shortage of skilled human resource; limited capacity of terminal station, monopoly power of government enterprise to provide the system and poor public private partnership remain challenging in advancing port development. 

Okpara, and Enyioko (2022) argued Nigeria's port sector faces challenges such as a decline in vessel calls compared to neighboring countries, poor data base, poor computerization of port operations data, port congestion, high container dwell time, high turnaround time of vessels and trucks, inadequate port facilities, and lack of standard facilities. These issues contribute to inefficiency and poor logistics reports. Additionally, lack of capital, poor incentives for investors, and inadequate integrated transport systems contribute to these issues. Adebere et al. (2021) suggest a synergistic approach in modeling, construction, and exploitation of automated container terminals, focusing on cooperation between all port stakeholders. The competitiveness of automated container terminals depends on the skills of port specialists, who must be prepared for monitoring, analysis, management, integration, exception processing, and foreseeing the consequences of their actions for the entire system.

2.4 [bookmark: _Toc189240133]Theoretical Framework 
The study is anchored on the following theories; theory of constraints, resource-based view, technology acceptance model, and the queuing theory.
2.4.1 [bookmark: _Toc189240134]Theory of Constraints
The Theory of Constraints (TOC) was introduced by Eliyahu M. Goldratt in 1984 in his book The Goal. It is a management philosophy that focuses on identifying and managing the bottlenecks that restrict a system's overall performance (Goldratt, 1984). The central hypothesis of TOC is that every system has at least one constraint that limits its ability to achieve higher performance levels, and improving this constraint can lead to significant overall gains (Rahman, 1998). The assumptions of TOC include the presence of bottlenecks in all processes and the possibility of systemic improvement by addressing these bottlenecks through a structured approach (Simşit, Günay, & Vayvay, 2014).
The Theory of Constraints (TOC) is a management paradigm that recognises any organisation or system as having a limited ability to achieve its goals. The limitation emanates from small number of constraints. Goldratt's theory suggests that organisations should identify their constraints and focus on improving them to maximise throughput, in this study case, the rate at which the system generates money through sales (Goldratt, 1984). TOC adopts the idiom "a chain is no stronger than its weakest link," meaning the overall performance of an organisation is limited by its most significant constraint. This management philosophy has been widely applied in various fields, including manufacturing, project management, supply chain management, and even marketing and sales, through the implementation of specific TOC-based solutions, such as Drum-Buffer-Rope (DBR) methodology and Critical Chain Project Management (CCPM) (Goldratt, 1997).
TOC is built upon the principle that organisations can be evaluated and managed based on three key metrics: throughput, operational expense, and inventory. These measures allow organisations to align their decision-making processes with their ultimate goal-usually maximising profitability or achieving a mission-critical objective. The TOC approach includes a five-step focusing process aimed at continually improving system performance by addressing and breaking constraints (Goldratt, 1984). These steps are: (1) identifying the system's constraint, (2) deciding how to exploit the constraint, (3) subordinating everything else to the decision made in step two, (4) elevating the constraint, and (5) repeating the process if a new constraint emerges. This continuous improvement cycle helps organisations optimise their processes and achieve sustainable success by focusing resources on the most critical areas.
The Theory of Constraints has been applied in various studies to enhance operational efficiency by focusing on constraints within different systems. For instance, Mulyono et al. (2016) used TOC to identify and manage constraints in marine transportation systems, significantly improving operational efficiency. Applying TOC to the Mombasa port, the theory helped identify the main bottlenecks in cargo handling automation that limit efficiency. The "thinking processes" component of TOC was specifically applied to map out these constraints, analyse their impacts, and develop targeted solutions to optimise the automation processes in cargo handling, improving overall operational efficiency (Chan & Yip, 2016).  
Similarly, TOC can be utilised to enhance yard operations’ automation at Mombasa port by identifying constraints that affect the smooth flow of operations. Research by Nowakowska-Grunt and Moroz (2013) highlighted the effectiveness of TOC in supply chain management by overcoming strategic conflicts through a constraint-focused approach. Applying this approach to yard operations’ automation, TOC assisted in identifying the critical limiting factors, such as equipment limitations or workflow inefficiencies. Therefore, by focusing on these constraints, strategies can be formulated to streamline yard operations, thus increasing the port's operational efficiency (Kapustina, Chovancova, & Klapita, 2017).
2.4.2 [bookmark: _Toc189240135]Resource Based View
[bookmark: _Hlk187324101]The Resource-Based View (RBV) theory was proposed by Birger Wernerfelt in 1984 and further developed by Jay Barney in 1991. It posits that firms gain a sustainable competitive advantage by possessing resources that are valuable, rare, inimitable, and non-substitutable (VRIN criteria). The central hypothesis is that resources and capabilities that meet these criteria are the primary source of competitive advantage (Barney, 1991). Assumptions of RBV include resource heterogeneity (firms have different resources) and resource immobility (resources cannot easily be transferred between firms), which underpin its strategic importance in business environments (Wernerfelt, 1984; Barney, 1991).
The RBV has been applied in port management to assess competitive advantage and growth opportunities. Gordon, Lee, and Lucas (2005) utilised RBV to analyse the Port of Singapore, arguing that a combination of resources such as supportive government policies, investment, and information technology significantly contributes to its competitive advantage. Subhan and Ghani (2008) applied the RBV framework to the Port of Tanjung Pelepas, demonstrating how ports can leverage their internal resources and capabilities for growth. These studies illustrate that RBV helps analyze how unique port resources, such as location and technological infrastructure, drive efficiency and competitiveness in the shipping industry.
The RBV theory was applied to assess how cargo handling automation and yard operations' automation impact Mombasa Port's operational efficiency. Specifically, cargo handling automation was evaluated as a valuable and rare resource enhancing operational speed and accuracy, leading to competitive advantage. For yard operations, the RBV framework guided an analysis of how technological capabilities and integration processes contribute to optimising space utilisation and reducing turnaround time, thus improving efficiency. This approach aligns with the RBV perspective that internal resources, such as technological advancements, can drive superior performance outcomes (Barney, 1991; Day, 1994).
The Resource-Based View (RBV) posits that firms derive competitive advantage from unique resources and capabilities that are valuable, rare, inimitable, and non-substitutable (Barney, 1991). This theory suggests that a firm’s resources-both tangible and intangible-and its organisational capabilities should work synergistically to generate value and enhance performance (Shang & Marlow, 2005; Day, 1994). Tangible resources such as production facilities and financial assets, along with intangible assets like brand equity, patents, and organisational culture, provide the foundation upon which capabilities are built (Brooks & Cullinane, 2006). Capabilities, which involve complex bundles of skills, knowledge, and processes, enable firms to deploy resources effectively and achieve competitive advantage by focusing on customer value creation (Day, 1994; Stalk, Evans, & Shulman, 1991). For example, Dutta, Narasimhan, and Rajiv (1999) emphasised that capabilities are essential for the effective allocation and deployment of resources to achieve strategic goals.
Logistics integration capabilities are a critical resource in the context of supply chain management, enabling firms to optimise operations and enhance performance (Gligor & Holcomb, 2014). Morgan, Strong, and McGuinness (2003) highlighted that superior logistics integration capabilities allow firms to transform their inputs into value-added outputs more efficiently, which is crucial in competitive industries like food processing. Moreover, Ghemawat (1986) asserted that firms with well-developed logistics and supply chain systems can achieve sustainable competitive advantage and superior market performance. This perspective is further supported by Carter and Narasimhan (1996), who posited that integrating supply chain strategies with operational resources is essential for reinforcing business strategies. Recent empirical studies, such as those by Stank, Davis, and Fugate (2005), have validated the RBV by demonstrating how firms with unique logistics capabilities outperform competitors.
The RBV also emphasises that the effective combination of resources; including financial, human, technological, and physical; can lead to the development of unique capabilities that provide a firm with a competitive edge (Menor, Tatikonda, & Sampson, 2002). Divandri and Yousefi (2011) argued that RBV facilitates a focused and measurable approach for internal analysis, helping firms to identify and leverage strategic advantages from their resource base. This finding suggests that logistics capabilities do not directly impact firm performance; instead, they exert their influence indirectly through integration capabilities, reinforcing the importance of resource integration in achieving superior performance.
2.4.3 [bookmark: _Toc189240136]Technology Acceptance Model
The Technology Acceptance Model (TAM) was introduced by Fred Davis in 1989 (Davis, 1989). TAM extends Ajzen and Fishbein’s Theory of Reasoned Action (TRA) and aims to explain the acceptance and usage of technology by focusing on two primary factors: perceived usefulness (PU) and perceived ease of use (PEOU). Davis’s model has been extensively supported and expanded by subsequent researchers, including Venkatesh and Davis (2000) and Venkatesh et al. (2003), who added additional constructs and refined the original framework.
The TAM posits that perceived usefulness and perceived ease of use significantly affect users' attitudes towards technology and their intention to use it. Specifically, perceived usefulness (PU) refers to the degree to which a user believes that using a technology enhanced their job performance, while perceived ease of use (PEOU) relates to the degree to which a user believes that using the technology will be free of effort (Davis, 1989). The central hypothesis is that technologies that are perceived as both useful and easy to use are more likely to be adopted by users.
The TAM assumes that users' acceptance of technology is influenced by their beliefs about the technology’s utility and ease of use. It presumes that technology acceptance is driven by the perceived enhancement in job performance and the reduction in effort required to use the technology. Additionally, TAM assumes that these perceptions directly affect users' attitudes and behavioral intentions towards technology adoption.
Li et al. (2023) explored smart technology adoption in port operations, demonstrating how network externalities affect the optimal adoption strategy. Their study supports TAM by highlighting that perceived usefulness and ease of use impact adoption decisions, aligning with the TAM framework's core principles. Nguyen (2022) extended TAM to evaluate the digitisation of container terminals, emphasizing the importance of technology compatibility and perceived utility in its acceptance (Nguyen, 2022). This extension builds on TAM by incorporating additional factors affecting technology adoption in port settings. Adabere et al. (2021) assessed the influence of IT on port operational efficiency, showing that IT's integration can improve operational efficiency, thus supporting TAM’s assertion that perceived usefulness impacts technology adoption (Adabere et al., 2021).
To investigate the effect of cargo handling automation on operational efficiency, TAM can be used to measure the perceived usefulness and ease of use of automation technologies among port stakeholders. By evaluating how these perceptions influence the adoption of automation, the study can identify factors driving improvements in operational efficiency. For assessing the effect of yard operations' automation, TAM helps in understanding how stakeholders' attitudes towards automation impact its implementation. Hence, focusing on perceived usefulness and ease of use, the study can determine how these factors contribute to the efficiency of yard operations and overall port performance.
2.4.4 [bookmark: _Toc189240137]Queuing Theory 
Queueing Theory, pioneered by Agner Krarup Erlang in the early 20th century, focuses on analysing waiting lines or queues to improve service efficiency (Erlang, 1909). This mathematical theory evaluates system performance by modelling the arrival and service processes, aiming to optimise resources and reduce wait times (Sundarapandian, 2009). Key proponents include Erlang, who applied the theory to telecommunication systems, and its evolution includes various models addressing complex service systems across industries (Taylor, 2019). In the context of Mombasa Port, Queuing Theory can be applied to enhance operational efficiency by analysing and optimising cargo handling processes. 
Studies such as Xu and Liu (2012) introduce queuing models to determine optimal service levels and facility requirements, demonstrating how advanced models improve efficiency and reduce costs. Therefore, applying these models, port operations can be streamlined, reducing congestion and improving service delivery. Queuing Theory can assess how automating cargo handling affects waiting times and throughput at Mombasa Port. Xu and Liu’s (2012) two-dimensional model help in optimising the balance between service efficiency and facility numbers, providing a framework to evaluate the impact of automation on operational efficiency. To evaluate yard operations, Queuing Theory models the queue dynamics of container movements and storage. The theory's application in past studies (El-Naggar, 2010) supports determining the optimal number of berths and equipment, which can be adapted to assess the benefits of automated yard operations in reducing delays and improving resource utilization at Mombasa Port.
The reviewed studies highlight the application of queuing theory to improve port terminal handling efficiency. Xu and Liu (2012) propose a two-dimensional queuing model to optimise service efficiency and facility numbers, demonstrating superior cost reduction compared to traditional one-dimensional models (Xu & Liu, 2012). Dragovic and Zrnic (2012) explore various queuing models for port performance evaluation, emphasizing their benefits like flexibility and ease of interpretation (Dragovic & Zrnic, 2012). El-Naggar (2010) applies queuing theory to determine optimal berth numbers at Alexandria port, aiming to minimise total port costs (El-Naggar, 2010). Schroder (2014) employs a non-finite queuing model at Durban Port to balance system delays and improve processing times (Schroder, 2014). Legato and Mazza (2020) assess queuing networks in container terminals, highlighting the effectiveness of simulation and analytical solutions for operational decisions (Legato & Mazza, 2020).
2.5 [bookmark: _Toc189240138]Conceptual Framework 
Figure 2.1 shows the conceptual framework illustrating the independent and dependent variables. The independent variables are cargo handling operations and yard automation. The dependent variable in this case is the operational efficiency of the port.










Port Automation
Cargo Handling Automation (X1)
· Automated Guided Vehicles (AGVs)
· Automated Crane Operations
· Automated Container Tracking Systems (ACS)
· Electronic Documentation
Independent Variables
Dependent Variable
Operational Efficiency 
1. Cargo Throughput Time
2.  Port Dwell Time
3. Resoruce Utilization Efficiency 
4. Reduction in Cargo Handling Cost
5. Service Reliability and Consistency 
Yard Operations’ Automation (X2) 
·  Automated Stacking Cranes (ASC)
· Yard Management Systems (YMS)
· Automated Inventory Management (AIM)
· Integration of IoT devices 
 

















[bookmark: _Toc187343077] Figure 2.1: Conceptual Framework  











3.0 [bookmark: _Toc162901376][bookmark: _Toc189240139]Research Methodology    
3.1 [bookmark: _Toc189240140]Research Design
The research used descriptive research design (Creswell, J. W., & Creswell, J. D., 2017). The study presented a detailed account of the implementation of cargo handling, yard operations, and horizontal automation at the port of Mombasa, as well as their effects on efficiency, productivity, and workforce dynamics. Descriptive research is a valuable method for researchers studying complex topics by collecting data from number of participants. It allows for exploration of port operations, is cost-effective, easier, and quicker to conduct, and increases the reliability of results and limits chances of misleading answers (Leedy & Ormrod, 2015). Therefore, descriptive research is essential for understanding complex issues in the port of Mombasa operations automation.  
3.2 [bookmark: _Toc162901377][bookmark: _Toc189240141]Data Collection approach
The research employed survey data collection and adopted a structured questionnaire to collect information on the operational efficiency of port operations at the Mombasa Port. The five sections of the questionnaire included background information, Cargo Handling Automation, Yard Operations Automation, and Automation in Horizontal Transportation and operational efficiency.  The Five Point Likert scale allows respondents to express their opinions and perceptions on port system continuum, providing insights into the impact of automation technologies on port operations (Where, 1-strongly disagree, 5- strongly agree).  
3.3 [bookmark: _Toc162901378][bookmark: _Toc189240142]Respondents and selecting the sample. 
The study sought to examine the perception and attitude of 100 professionals at the Port of Mombasa. They included Customs Officials, Clearing and Forwarding Agent, and Port Authority personnel, towards automation in port operations at the Mombasa Port. The sample size is calculated using the Taro Yamane formula, which requires a total population size of 100 professionals with a 95% confidence level. These professionals provide insights on automation preferences, potential impacts on their operations, and potential economic and social impacts. The individual professionals are chosen as the unit of analysis because each respondent's perceptions, experiences, and attitudes towards automation are crucial for understanding the overall impact of automation at the Mombasa Port.  
· Pre-testing. The pre-testing involved 10% of the target participants. It enabled review and improvement of the questionnaire and interview guide in terms of length, content and relevance. 
· Cost effectiveness. The pilot study outline suitability of online data collection methods which was economical and budget friendly.
· Limitations. Some of the participants were not willing to share their insights of the operations at the Port of Mombasa. This threatened response rate. The clarity of the research objectives and proper debriefing ensured confidence of participants by addressing these concerns.
3.4 [bookmark: _Toc162901379][bookmark: _Toc189240143]Data Analysis
Data analysis is a systematic process that involves inspecting, cleaning, transforming, and interpreting data to extract meaningful insights (Cooper & Schindler, 2018). Descriptive statistics were used to summarise key characteristics, such as mean and standard deviation. Pearson correlation analysis examined the strength and direction of linear relationships between variables, such as automation implementation in port operations and perceived operational efficiency. Multiple linear regression analysis was employed to identify significant predictors of operational efficiency at the Mombasa Port. The efficiency of port operation was entered as independent variables, while the operational efficiency of port operations was the dependent variable. The following regression model was adopted:

  
Where: 
Y       =   Port Operational Efficiency 
 X1    =       Cargo Handling Automation
X2    =         Yard Operations’ Automation
X3     =       Automation in Horizontal Transportation
β0      = Constant Term
Ԑ         = Error Term
β1, β2, and β3 = Regression coefficients of sustainability of port operational efficiency with respect to X1, X2 and X3 respectively.
3.5 [bookmark: _Toc162901380][bookmark: _Toc189240144]Reliability and Validity 
The study used internal consistency reliability and test-retest reliability to ensure the accuracy, consistency, and meaningfulness of its findings. Internal consistency reliability was assessed by examining the correlation between items within the scale, with a value of 0.70 or higher considered acceptable as shown in Table 3.1. The procedure based on SPSS included; entering dataset into separate columns, navigating to analyse, scale then reliability analysis. In the reliability analysis window, all items of respective variable were selected and moved into the items box. In the model drop down menu, alpha was selected followed by clicking statistics button then ok command. Test-retest reliability was measured by administering the same questionnaire to the same participants at two different time points, using statistical techniques such as Pearson correlation analysis. Content validity was assessed through a thorough review of questionnaire items by experts in port operations, automation, and research methodology, with content validity ratios (CVR) calculated for each item.
[bookmark: _Toc176191471][bookmark: _Toc187342771][bookmark: _Toc162901381] Table 3.1: Reliability Test Results 
	Variable
	Number of Items
	Cronbanch's Coefficient
	Decision

	Cargo handling automation
	10
	0.814
	Reliable

	Yard Automations
	10
	0.723
	Reliable

	Operational Efficiency 
	5
	0.781
	Reliable 

	Overall
	25
	0.773
	Reliable



3.6 [bookmark: _Toc189240145]Resources 
[bookmark: _Hlk187324158]The study required resources such as a web-based survey platform, research permits from NACOSTI, statistical software, literature databases, port authority data, expert consultation, internet and library resources, and access to academic journals, industry reports, government publications, and conference proceedings. Google Forms were used for the collection of online questionnaire and statistical software, SPSS Version 25.0 was used for data analysis. Port Authority data and documentation was necessary for understanding current port operations, infrastructure, and automation initiatives.  
3.7 [bookmark: _Toc523852863][bookmark: _Toc162901382][bookmark: _Toc189240146]Ethics and Data Presentation
The study adhered to ethical guidelines, including providing participants with debrief and consent forms. They had the right to withdraw at any time without any consequences, therefore, the survey questionnaire is a voluntary participation. Data was kept confidential, anonymised, and restricted to authorised researchers and relevant people. Moreover, participants had the right to make informed decisions without negative consequences and were asked to disclose any conflict of interest or biases. Data presentation was in form of charts, figures and tables.
3.8 [bookmark: _Toc189240147]Researcher time management
Writing a research paper demands significant investment of time and focus on coherent argument and analysis, therefore, the research admits that time management could be challenging due to the researcher’s full-time employment, family and private life issues which could impact time submission of the research paper and quality.  The researcher proposes tentative plan as per below Gantt chart timelines.
























4.0 [bookmark: _Toc177469939][bookmark: _Toc189240148]Results and Findings
4.1 [bookmark: _Toc177469940][bookmark: _Toc189240149]Introduction
The chapter presents results and findings on the effect of automation on port operational efficiency. It focuses on the general information of cargo handling automation, yard operations and finally, results on port operational efficiency. 
4.2 [bookmark: _Toc177469941][bookmark: _Toc189240150]General Information
The subsection provides the response rate, educational level, years of experience, current role at the port, and the knowledge of port operations. 
4.2.1 Response Rate
The study targeted 100 questionnaires, out of which 87% were dully filled and returned by the respondents. This demonstrated a high response rate that could allow further analysis of the data. According to Okello (2022), a response rate of above 75% is considered sufficient to commence data analysis process. The response rate is shown in Figure 4.1.

[bookmark: _Toc187343078]Figure 4.1: Response Rate 

4.2.2 Educational qualifications
The analysis revealed that 56% which was more than half of the respondents had acquired bachelors degree, 24% had diploma qualifications whereas 12% had certificate qualifications. Lastly, only 8% had masters degree. The findings implied that respondents were able to read, understand and interpret questions related to port automation and its resulting operational efficiency.  The results are shown in Figure 4.2.

[bookmark: _Toc187343079]Figure 4.2: Educational Qualifications 
4.2.3 Years of experience in port operations
The analysis revealed that 40% of the respondents had experience of 7-10 years. In addition, 22% had worked at the port of Mombasa for the duration of 11-14 years 12% have experience of more than 14years of work, 16% have experience of 3-6 years and only 10% have work experience of less than 3 years. The high levels of experience demonstrate the lengthy exposure that the respondents had in regard to the port automation developments and hence well suited to answer related questions. The findings are shown in Figure 4.4.

[bookmark: _Toc187343080]Figure 4.3: Level of Experience 
4.2.4 Current Role at the Port
The analysis revealed that 52% of the respondents worked as port authority personnel, 34% were clearing and forwarding agents, whereas 14% worked in the capacity of customs official. The diversity in the sample distribution demonstrates that respondents had deep insights into various operations of the port including container management, cargo handling, taxation among other operational procedures. This information was vital in answering questions related to automation of respective areas of specialisation. These results are shown in Figure 4.4.

[bookmark: _Toc187343081]Figure 4.4: Role at the Port 

4.2.5 Knowledge Level in Port Operation
 Half of the participants were knowledgeable about major port operations. 24% demonstrated moderate level of port operations knowledge, 21% possess expert level of knowledge and 5% were least knowledgeable about the port operations. The findings implied that majority of the respondents had strong understanding of port procedures including automation processes, hence presenting ideal sample to answer questions related to port operational efficiency. The results are shown in Figure 4.5.

[bookmark: _Toc187343082]Figure 4.5: Knowledge of Port Operations 
4.3 [bookmark: _Toc177469942][bookmark: _Toc189240151]Cargo Handling Automation and Port Operational Efficiency
The subsection focuses on the presentation and interpretation of descriptive and inferential statistics associated with cargo handling automation practices at the port of Mombasa.
4.3.1 Rating of Cargo Handling Automation
The study sought to establish the level of automation of cargo handling at the Port of Mombasa. The analysis was performed using SPSS and the following steps were followed; the software was opened, variable automation defined under variable view, and data view was used to input data in each row. The computation was based on analysed, descriptive statistics. The numerical variables means and standard deviation were selected. The option function was used to select skewness and kurtosis functions. To generate descriptive output, OK function was clicked. The results revealed that the introduction of automated gate systems allowed for faster processing of trucks and cargo (Mean =4.02, std =0.41). It was also agreed to a moderate extent, that the port employed automated data analytics to predict cargo flow and manage inventory levels (Mean =3.61, std =0.48). The variable cargo handling automation attained a composite mean of 3.81. The results are shown in Table 4.1.
[bookmark: _Toc187342772]Table 4.1: Rating of Cargo Handling Automation 
	Automation Item
	Mean
	Std Dev
	Skewness
	Kurtosis

	1. The port has adopted automated systems for tracking the location of containers in real-time.
	3.71
	0.87
	-1.73
	1.13

	2. Automated cargo scanning technologies are now used to check containers quickly and accurately.
	3.85
	0.72
	-1.55
	0.74

	3. The port utilizes computerized systems for managing and scheduling cargo handling activities.
	3.86
	0.67
	-1.50
	1.05

	4. The introduction of automated gate systems allows for faster processing of trucks and cargo.
	4.02
	0.41
	0.19
	1.38

	5. The port employs automated data analytics to predict cargo flow and manage inventory levels.
	3.61
	0.48
	-2.28
	1.40

	Composite Mean
	3.81
	0.63
	-1.374
	1.14



4.3.2 [bookmark: _Hlk177429696]Pearson Correlation between Cargo Handling Automation and Port Operational Efficiency 
The Pearson correlation was run to establish the strength and direction of the relationship between cargo handling automation and port operational efficiency. The steps included; analyse, correlate and bivariate. In the dialog box, two variables (cargo handling automation and port operational efficiency) were moved to variable box. Furthermore, Pearson correlation coefficient was selected under correlation coefficients, two tailed under test of significance was set to default. Finally, analysis was run by clicking ok. The analysis showed that cargo handling automation had a moderate positive and significant effect on operational efficiency of the port, r=0.484, p=0.0000 which is less than 0.05, <0.05). These results are shown in Table 4.2.





[bookmark: _Toc187342773]Table 4.2:Pearson Correlation between Cargo Handling Automation and Port Operational Efficiency
	
	Cargo_Handling_Automation
	Port_Operational
Efficiency

	Cargo_Handling_Automation
	Pearson Correlation
	1
	.484**

	
	Sig. (2-tailed)
	
	.000

	
	N
	87
	87

	Port_Operational_Efficiency
	Pearson Correlation
	.484**
	1

	
	Sig. (2-tailed)
	.000
	

	
	N
	87
	87

	**. Correlation is significant at the 0.01 level (2-tailed).



4.3.3 Simple Linear Regression between Cargo Handling Automation and Port Operational Efficiency 
To perform simple linear regression, under variable view tab, variables were defined as follows; cargo handling automation (independent variable) while port operational efficiency (dependent variable). Thereafter, data view was used to input means of various scores as per the responses. The estimates, model fit, and Durbin-Watson were checked and model ran by clicking ok function. The regression analysis revealed R-Square, R2= 0.234, implying that the 23.4% of the model could accurately be predicted by cargo handling automation while the remaining 76.6% was due to other variables not captured in the model as shown in Table 4.3. This indicates cargo handling automation plays a significant role in operational efficiency of the port.

[bookmark: _Toc187342774]






[bookmark: _Hlk177456427]Table 4.3: Model Summary between Cargo Handling Automation and Port Operational Efficiency 
	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Change Statistics
	Durbin-Watson

	
	
	
	
	
	R Square Change
	F Change
	df1
	df2
	Sig. F Change
	

	1
	.484
	.234
	.225
	.30459
	.234
	25.945
	1
	85
	.000
	1.961

	a. Predictors: (Constant), Cargo_Handling_Automation

	b. Dependent Variable: Port_Operational_Efficiency



Table 4.4 illustrates the output of the Analysis of Variance (ANOVA) for Cargo Handling Automation and Port Operational Efficiency. The regression df indicated number of predictors in the model (1) and residual df stood for total number of observations minus 1, became 85. The mean square (MS) was obtained by dividing SS/df (MSregression) and for residual, MSresidual was divided by the number of observations. The linear regression F statistics shows that there was a statistical and significant relationship between Cargo Handling Automation and Port Operational Efficiency ((F (1, 85) =25.945, p<.05)).

[bookmark: _Toc187342775]Table 4.4: ANOVA between Cargo Handling Automation and Port Operational Efficiency
	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	2.407
	1
	2.407
	25.945
	.000b

	
	Residual
	7.886
	85
	.093
	
	

	
	Total
	10.293
	86
	
	
	

	a. Dependent Variable: Port_Operational_Efficiency

	b. Predictors: (Constant), Cargo_Handling_Automation



Table 4.5 indicates the analysis output for regression coefficients for cargo handling automation and port operational efficiency. The regression coefficients indicate that cargo handling automation can statistically and significantly affect port operational efficiency (𝛽 = .484, (84) t= 5.094, 𝑝 < .05). This supports the notion that enhancing cargo handling automation can positively impact port operational efficiency.
The estimated regression equation from Table 4.6 above is given by (based on the model outlined under section 3.4):


The model shows that cargo handling automation positively affects the port operational efficiency, i.e. a unit mean index increase in cargo handling automation applied increases the port operational efficiency by a positive mean index value of 0.516. This implies that enhancing cargo handling automation can lead to better port operational outcomes.
[bookmark: _Toc187342776]Table 4.5:  Regression Coefficients Cargo Handling Automation and Port Operational Efficiency
	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	95.0% Confidence Interval for B
	Collinearity Statistics

	
	B
	Std. Error
	Beta
	
	
	Lower Bound
	Upper Bound
	Tolerance
	VIF

	1
	(Constant)
	1.939
	.398
	
	4.876
	.000
	1.148
	2.729
	
	

	
	Cargo_Handling_Automation
	.516
	.101
	.484
	5.094
	.000
	.315
	.717
	1.000
	1.000

	a. Dependent Variable: Port_Operational_Efficiency



4.3.4 Qualitative Findings on Cargo Handling Automation and Port Operational Efficiency
The interview on cargo handling automation by various stakeholders revealed insightful results on modernisation of port operations:
The Kenya Revenue Authority has experienced improvement in custom activities including clearance process.  The KRA has adopted technology such as Tax Invoice Management System, Customs Integrated System (CIS) and the ongoing plans to embrace artificial intelligence and machine leaning including crypto -innovations. This has already revolutionised how goods are processed with noticeable improvements. Initially, it could take average of 7-10 days to clear a cargo however with the new systems in place, it is now possible to clear within 48 hours as the agency works towards 24-hour clearance. The port has since recorded 9.9% growth in throughput, a demonstration of positive reduction in waiting times and delays in cargo clearance. The improvement could also be explained by technological innovations that have greatly streamlined the cargo handling processes. As a result, streamlined custom operations have reduced costs and enhanced supply chain efficiency for the importers and the exporters. The tax mobilization agency has also reported a significant drop in human related errors with decline in corruption practices which has translated into 15% annual improvement in revenue. KRA Official, September 28th 2024
The port official added:
The adoption of modern technologies has enhanced operational capabilities of the port. The government has managed to implement the Mombasa Port Release Order (MPRO) system which has played a vital role in transforming paper-based clearance processes to seamless digital system. Already, we have witnessed sharp decline in clearance time from days to a countable hour hence the reported faster ship turnaround. In 2019 alone, the port recorded 10% growth from the previous year translating into 22 million tonnes of turnaround. Furthermore, technology has enabled proper handling of larger ships with the recent adoption of 20,000 Twenty-foot Equivalent Unit (TEU) vessels.  The innovations have been central to the port’s capacity to handle larger volumes while reducing congestion, a phenomenon common to most port’s in the region, presenting Kenya with the much needed competitive advanatge in the regional maritime trade. KPA official, 29 September 2024
The remarks of the clearing and forwarding agent revealed:
We have witnessed total revolution in the manner in which clearing and forwarding activities as a result of integration of KPA e-Citizen platform. It is now possible to track shipments and make payments real-time. This is a major stride from multple paper -dominated procedures occasioned with delays and extra costs. Agents on touch of a button can now access services, reducing clearance time by over 50%. The use of mobile banking and digital payments such as MPESA have streamlined settlement of bills hence eliminating bank delays. In essence, our clients are more satisfied with the ability to track goods real time, faster deliveries and reduced supply chain costs. Clearing and Forwarding AGen, 29 September 2024
Automation remains a major game changer in the optimisation of the supply chain for east and central Africa’s import -export trade. The recent efforts to digitise processes such as container handling as evident at Container Terminal Two (CT2) has attracted 30% improvement in efficiency. Similarly, embracing digitalisation in document management has led to reduction in processing time, minimised errors, mitigated supply chain disruptions and enhanced smoother clearance. According to TradeMark (2023) digitisation has led to 35% reduction in port dwell time which is critical for supply chain continuity in the global trade. The improvement in the reliability of the port has enhanced inventory management for stakeholders with learner supply chains characterised with fewer risks of delays hence value for money. Supply Chain Expert October 4 2024
Kenya is a regional economic and technological hub. The ongoing modernisation efforts in major maritime agencies such as KPA and KRA reflect the concerted efforts to ensure market leadership in the region. There are plans to adopt sophisticated technological frameworks such as IoT, AI and blockchain capabilities to support remote monitoring of the containers and port equipment. Studies indicate that full automation can lead to as high as 214% increase in transhipment cargo. Similarly, in developed port operations in Europe, they rely on AI powered algorithms in forecasting peak cargo cycles which enhances efficient resource allocation and management. This shows that KPA can embrace such innovative capabilities to reduce congestion by predicting disruptions before they are experienced. Technology Expert, October 4, 2024
4.4 [bookmark: _Toc177469943][bookmark: _Toc189240152]Yard Operations Automation and Port Operational Efficiency
The subsection presents findings and results on yard operations automation and operational efficiency of the port of Mombasa. The results are both descriptive and inferrential.
4.4.1 Bottlenecks in Cargo Clearance Procedures
Descriptive statistics on bottlenecks in cargo clearance was based on the scoring of responses and counting of respective frequencies for each mentioned factor. The cumulative counts for each factor were divided by the total responses to establish the response rate. The results in Figure 4.6 shows that cargo delays were rated the most significant limitation by 25% of the participants. Fifteen percent (15%) acknowledged congestion and lengthy dwell times as additional challenges more so during peak seasons with large cargo ships. In addition, 17% indicated that corruption was a major challenge and 7% cited fragmented procedures among the bottlenecks to port’s operational efficiency. These factors were important in illustrating the status of implementation of automation processes at the port of Mombasa.
Note: Explain all yellow markings. 

[bookmark: _Toc187343083]Figure 4.6: Bottlenecks in Cargo Clearance 
4.4.2 Automation in Product Supply Chain
[bookmark: _Hlk187336020]The study sought to establish the level of automation in product supply chain at the port of Mombasa. The analysis was conducted using SPSS and the following procedure was employed; the software was opened, variable automation defined under variable view, and data view was used to input data in each row. The computation was based on analysed, descriptive statistics. In addition, numerical variables means and standard deviation were selected. The option function was used to select skewness and kurtosis functions. To generate descriptive output, OK function was clicked. It was agreed that container position tracking systems had been implemented to locate containers within the yard (Mean =3.77, std =0.39). However, it was disagreed that the port had adopted Automated Guided Vehicles (AGVs) are employed to transport containers between different areas (Mean =2.93, std = 0.75). The results are shown in Table 4.6. The variable automation of product supply chain at the Port, attained a composite mean of 3.52 which considered moderate.

[bookmark: _Toc187342777]Table 4.6: Automation of Product Supply Chain at the Port 
	Automation Item
	Mean
	Std Dev
	Skewness
	Kurtosis

	a. Container position tracking systems have been implemented to locate containers within the yard.
	3.77
	0.39
	-0.34
	1.84

	b. The port has integrated automated systems to schedule and coordinate yard operations efficiently.
	3.75
	0.55
	-1.9
	1.37

	c. Automated systems are used for managing container stacking and retrieval to optimize space.
	3.69
	0.49
	-1.27
	0.93

	d. The port uses automated stacking cranes to organize containers in the yard.
	3.45
	0.51
	-1.2
	2.09

	e. Automated Guided Vehicles (AGVs) are employed to transport containers between different areas.
	2.93
	0.75
	-2.26
	1.43

	Composite Mean
	3.52
	0.53
	-1.39
	1.53


4.4.3 Efficiency and Reliability of Cargo Movement 
The study sought to establish the efficiency of cargo movement at the port of Mombasa. The analysis revealed that strategies were in place to integrate new automation technologies with existing port management systems (Mean =3.84, std=0.36). Similarly, it was agreed that data analytics were employed to forecast cargo volumes and manage terminal resources effectively (Mean =3.69, std =0.42). The variable efficiency and reliability of cargo movement attracted a composite mean of 3.77. The results are shown in Table 4.7.
[bookmark: _Toc187342778]Table 4.7: Efficiency and Reliability of Cargo Movement
	Automation Item
	Mean
	Std Dev
	Skewness
	Kurtosis

	a. Strategies are in place to integrate new automation technologies with existing port management systems.
	3.84
	0.36
	0.49
	1.08

	b. A computerised system is used to schedule and manage vessel loading and unloading activities.
	3.78
	0.51
	-2.78
	1.18

	c. The port employs automated reporting tools for real-time monitoring of port operations.
	3.78
	0.73
	-1.71
	1.42

	d. The port has implemented automated gate systems to streamline truck entry and exit processes.
	3.74
	0.64
	-2.27
	1.78

	e. Data analytics are utilized to forecast cargo volumes and manage terminal resources effectively.
	3.69
	0.42
	-2.03
	1.49

	Composite Mean
	3.77
	0.53
	-1.66
	1.39



4.4.4 Pearson Correlation between Yard Automation and Port Operational Efficiency 
Pearson correlation coefficient was run to establish the strength and direction of the relationship between the variables of yard automation and port operational efficiency. The steps included; analyse, correlate and bivariate. In the dialog box, two variables (yard automation and port operational efficiency) were moved to variable box. Furthermore, Pearson correlation coefficient was selected under correlation coefficients, two tailed under test of significance was set to default. Finally, analysis was run by clicking ok. The findings indicate that there was statistically significant moderate and positive relationship between yard automation and port operational efficiency (𝑟 (87) = 0.519, 𝑝 < .050). The output of correlation analysis is shown in Table 4.8.  

[bookmark: _Toc187342779]Table 4.8: Pearson Correlation between Yard Automation and Port Operational Efficiency 
	
	Yard_Operations_Automation
	Port_Operational_Efficiency

	Yard_Operations_Automation
	Pearson Correlation
	1
	.519**

	
	Sig. (2-tailed)
	
	.000

	
	N
	87
	87

	Port_Operational_Efficiency
	Pearson Correlation
	.519**
	1

	
	Sig. (2-tailed)
	.000
	

	
	N
	87
	87

	**. Correlation is significant at the 0.01 level (2-tailed).



4.4.5 Simple Linear Regression between Yard Automation and Port Operational Efficiency 
To conduct simple linear regression, under variable view tab, variables were defined as follows; yard automation (independent variable) while port operational efficiency (dependent variable). Thereafter, data view was used to input means of various scores as per the responses. The estimates, model fit, and Durbin-Watson were checked and model ran by clicking ok function. The regression analysis revealed R-Square, R2= 0.270, implying that the 27.0% (0.270*(multiply by 100) of the model could accurately be predicted by yard automation while the remaining 73.0% was due to other variables not captured in the model as shown in Table 4.9. This indicates yard automation plays a significant role in operational efficiency of the port.
[bookmark: _Toc187342780]Table 4.9:  Model Summary between Yard Automation and Port Operational Efficiency
	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Change Statistics
	Durbin-Watson

	
	
	
	
	
	R Square Change
	F Change
	df1
	df2
	Sig. F Change
	

	1
	.519a
	.270
	.261
	.29737
	.270
	31.396
	1
	85
	.000
	1.964

	a. Predictors: (Constant), Yard_Operations_Automation

	b. Dependent Variable: Port_Operational_Efficiency



Table 4.10 shows the output of the ANOVA for Yard Automation and Port Operational Efficiency. The regression df indicated number of predictors in the model (1) and residual df stood for total number of observations minus 1, became 85. The mean square (MS) was obtained by dividing SS/df (MSregression) and for residual, MSresidual was divided by the number of observations. The linear regression F statistics shows that there was a statistical and significant relationship between Yard Automation and Port Operational Efficiency (F (1, 85) =31.396, p<.05.

[bookmark: _Toc187342781]Table 4.10: ANOVA between Yard Automation and Port Operational Efficiency
	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	2.776
	1
	2.776
	31.396
	.000b

	
	Residual
	7.516
	85
	.088
	
	

	
	Total
	10.293
	86
	
	
	

	a. Dependent Variable: Port_Operational_Efficiency

	b. Predictors: (Constant), Yard_Operations_Automation



Table 4.11 indicates the analysis output for regression coefficients for yard operations automation and port operational efficiency. The regression coefficients indicate that yard operations automation can statistically and significantly affect port operational efficiency (𝛽 = .519, (84) t= 5.603, 𝑝 < .05). This supports the notion that enhancing yard operations automation can positively impact port operational efficiency.
The estimated regression equation from Table 4.17 becomes (based on the model outlined under section 3.4):


The model shows that yard operations automation positively affects the port operational efficiency, i.e. a unit mean index increase in yard operations automation applied increases the port operational efficiency by a positive mean index value of 0.502. This implies that enhancing yard operations automation can lead to better port operational outcomes.
[bookmark: _Toc187342782]Table 4.11: Regression Coefficients between 
	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	95.0% Confidence Interval for B
	Collinearity Statistics

	
	B
	Std. Error
	Beta
	
	
	Lower Bound
	Upper Bound
	Tolerance
	VIF

	1
	(Constant)
	1.985
	.354
	
	5.614
	.000
	1.282
	2.688
	
	

	
	Yard_Operations_Automation
	.502
	.090
	.519
	5.603
	.000
	.324
	.680
	1.000
	1.000

	a. Dependent Variable: Port_Operational_Efficiency



4.4.6 Qualitative Findings on Yard Operations Automation and Port Operational Efficiency 
Regarding the effect of yard operations’ automation on port operational efficiency, the KRA official argued that:
The Port stakeholder’s decision to adopt the Kilindini Waterfront Automated Terminal Operating System (KWATOS) has favoured real-time cargo tracking and streamlining of core documentation activities. The introduction of OCR and the RFID innovations has made port clearance almost instantaneous. Similarly, the decision to integrate digital payment platforms has simplified tax collection and strengthens transparency, enabling efficient management of growing container trafficking. KRA official, 29 September 2024
These sentiments were echoed by the port official who noted that:
The port is currently implementing the new Terminal Operating System (TOS) which has reversed the traditional practice of manually monitoring container traffic. The TOS has presented the opportunity to plan, control and optimise yard operation in real time. Specifcally, the Truck Appointment System (TAS) has lowered congestion at the gates; streamlining truck scheduling for streamlined cargo flow. Nonetheless, these accomplishments countinue to face several challenges including low buy-in from the staff who are used to traditional methods, budgetary allocation constraints and the rapidly evolving technology which makes it difficult to rapidly transition with the global trends. Notwithstanding these challenges, the port has registered improvement in secured critical operations including cargo safety which has steered positive port returns. KPA official, 30 September 2024
Similarly, the clearing and forwarding businesses have experienced vital improvement in the documentation and tracking of their conventional cargo container. The innovations such as KWATOS and the Reefer Management System (RMS) have been fundamental in shortening the 1 to 2 day waiting period to a few hours for acquiring relevant approval.
The supply chain expert opined that technologies such as Optical Character Reader (OCR) and RFID have enhanced proper identification and tracking of the shipment from the time of arrival at the yard to offloading for inland transit. This has attracted reduction in dwell time from average of 6 days to about 4 days reflecting the quicker turnaround times. Nonetheless, interoperability of modern technologies with existing systems demands ongoing update in both software and system infrastructure. Supply chain expert, October 4 2024
Finally, the technological expert observed that adoption of smart systems enhanced port productivity. This has been observed in the digitisation of vessel-to-yard movements as well as the ability to monitor cargo real time. The TOS’s advanced data analytics capabilities has led to informed decision making. On the contrary, technical glitches, capacity development for the staff, and fostering full integration with existing systems have derailed full realisation of the potential benefits to the port. ICT Technical Expert October 4, 2024
4.5 [bookmark: _Toc177469944][bookmark: _Toc189240153]Rating of Port Operational Efficiency 
The study aimed to assess the level of port operational efficiency. The results revealed that the adoption of automated tracking and management systems had enhanced accuracy in container placement (Mean = 3.79, std =0.72). It was also agreed that the implementation of automated container handling systems had significantly reduced clearance time (Mean =3.75, std =0.45). Finally, the dependent variable, port operational efficiency attracted a composite mean of 3.68 which shows a relatively moderate level of operational efficiency at the port of Mombasa. The findings are shown in Table 4.12.
[bookmark: _Toc187342783]Table 4.12: Port Operational Efficiency 
	Operational Efficiency Items
	Mean
	Std Dev
	Skewness
	Kurtosis

	a. The use of automated tracking and management systems has improved accuracy in container placement.
	3.79
	0.72
	-1.2
	0.59

	b. The implementation of automated container handling systems has significantly reduced clearance time.
	3.75
	0.45
	-0.75
	1.03

	c. Automated gate systems have noticeably reduced truck turnaround times and eased congestion at port gates.
	3.67
	0.41
	-1.26
	1.61

	d. Automated systems have led to a noticeable reduction in labor expenditures by minimizing manual handling.
	3.62
	0.43
	0.42
	1.45

	e. Automation has contributed to a reduction in port-related emissions and enhanced overall environmental sustainability.
	3.58
	0.39
	-1.32
	1.24

	Composite Mean
	3.68
	0.48
	-0.82
	1.19



4.6 [bookmark: _Toc177469945][bookmark: _Toc189240154]Multiple Regression Effect

To perform multivariate linear regression, under variable view tab, variables were defined as follows; cargo handling automation and yard automation (independent variables) while port operational efficiency (dependent variable). In addition, data view was used to input means of various scores as per the responses. The estimates, model fit, and Durbin-Watson were checked and model ran by clicking ok function. The regression analysis revealed R-Square, R2= 0.340, implying that the 34.0% of the model could accurately be predicted by port automation while the remaining 66% was due to other variables not captured in the model as shown in Table 4.13. This indicates port automation plays a significant role in operational efficiency of the port.
[bookmark: _Toc187342784][bookmark: _Hlk177457541]Table 4.13: Model Summary between Port Automation and Operational Efficiency 
	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Change Statistics
	Durbin-Watson

	
	
	
	
	
	R Square Change
	F Change
	df1
	df2
	Sig. F Change
	

	1
	.583
	.340
	.324
	.28446
	.340
	21.600
	2
	84
	.000
	1.983

	a. Predictors: (Constant), Yard_Operations_Automation, Cargo_Handling_Automation

	b. Dependent Variable: Port_Operational_Efficiency



Table 4.14 shows the output of the ANOVA for Port Automation and Port Operational Efficiency. The regression df indicated number of predictors in the model (1) and residual df stood for total number of observations minus 1, became 85. The mean square (MS) was obtained by dividing SS/df (MSregression) and for residual, MSresidual was divided by the number of observations. The linear regression F statistics shows that there was a statistical and significant relationship between Port Automation and Port Operational Efficiency (F (2, 84 =21.600, p<.05.

[bookmark: _Toc187342785]Table 4.14:  ANOVA between Port Automation and Operational Efficiency
	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	3.496
	2
	1.748
	21.600
	.000b

	
	Residual
	6.797
	84
	.081
	
	

	
	Total
	10.293
	86
	
	
	

	a. Dependent Variable: Port_Operational_Efficiency

	b. Predictors: (Constant), Yard_Operations_Automation, Cargo_Handling_Automation



Table 4.15 indicates the analysis output for regression coefficients for port automation and port operational efficiency. The regression coefficients indicate that port automation can statistically and significantly affect port operational efficiency (𝛽 = .303,.372, (84) t= 3.105, 𝑝 < .05). This supports the notion that enhancing port automation can positively impact operational efficiency.
The estimated regression equation from Table 4.16 above is given by (anchored on the model outlined under section 3.4):


The model shows that port automation positively affects the operational efficiency, i.e. a unit mean index increase in port automation in cargo handling and yard operations applied increases the operational efficiency by a positive mean index value of 0.323 and 0.360 respectively. This implies that enhancing port automation can lead to better operational outcomes.

[bookmark: _Toc187342786]Table 4.15: Regression Coefficients between Port Automation and Operational Efficiency
	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	95.0% Confidence Interval for B
	Collinearity Statistics

	
	B
	Std. Error
	Beta
	
	
	Lower Bound
	Upper Bound
	Tolerance
	VIF

	1
	(Constant)
	1.281
	.412
	
	3.105
	.003
	.460
	2.101
	
	

	
	Cargo_Handling_Automation
	.323
	.108
	.303
	2.982
	.004
	.108
	.538
	.763
	1.310

	
	Yard_Operations_Automation
	.360
	.098
	.372
	3.668
	.000
	.165
	.555
	.763
	1.310

	a. Dependent Variable: Port_Operational_Efficiency



4.7 [bookmark: _Toc177469946][bookmark: _Toc189240155]Chapter Summary 
The chapter presented results and findings on port automation and operational efficiency.  The study was based on 100 questionnaires and a response rate of 87% was attained. The analysis showed moderate, positive, and significant relationships between cargo handling, yard operations’ automation and operational efficiency of the port. The next chapter focuses on the summary, discussion of the results, conclusions and recommendations as guided by the findings.





5.0 [bookmark: _Toc177469948][bookmark: _Toc189240156]Summary, Discussion, Conclusion, and Recommendations
5.1 [bookmark: _Toc177469949][bookmark: _Toc189240157]Introduction
The chapter provides the summary of the results, discussion, conclusion, and recommendations. The recommendations include suggestions for further studies and suggestions for improvement.
5.2 [bookmark: _Toc177469950][bookmark: _Toc189240158]Summary
The study sought to investigate the impact of automation on operations at Mombasa Port. Specifically, it aimed to investigate the effect of cargo handling automation on operational efficiency of Mombasa port and to assess the effect of yard operations’ automation on operational efficiency of Mombasa port.  The study used descriptive research design and the target population included 100 employees at the port of Mombasa. Data collection employed mixed approach with survey conducted together with 5 structured interviews to attain data triangulation and thematic saturation level. The quantitative data was analysed using descriptive such as frequencies, percentages, means and standard deviations and inferrential statistics including Pearson correlation and regression models. For qualitative, interviews were analysed using thematic approach. The results were presented in the form of tables, figures, and thematic narratives.
[bookmark: _Hlk177467597]Regarding cargo handling automation, descriptive statistics revealed that introduction of automated gate systems allowed for faster processing of trucks and cargo (Mean =4.02, std =0.41). There was a significant positive correlation between cargo handling automation and port’s operational efficiency (r = 0.484, p < 0.05). The regression analysis revealed an R² value of 0.538 and an ANOVA F statistic of 147.893 (F (1, 85) =25.945, p<.05)), suggesting that cargo handling automation plays a significant role in port automation. The regression coefficient showed that for every unit increase in cargo handling automation, port operational efficiency by 0.516 units ((𝛽 = .484, (84) t= 5.094, 𝑝 < .05)).
Regarding yard automation, container position tracking systems helped in locating containers within the yard (Mean =3.77, std =0.39). There was a significant positive correlation between cargo handling automation and port’s operational efficiency (r = 0.652, p < 0.05). The regression analysis revealed an R² value of 0.538 and an ANOVA F statistic of 25.945 (F (1, 85) =25.945, p<.05)), suggesting that cargo handling automation plays a significant role in port automation. The regression coefficient showed that for every unit increase in cargo handling automation, port operational efficiency by 0.516 units ((𝛽 = .484, (84) t= 5.094, 𝑝 < .05)).
With reference to automation of yard operations, strategies were in place to integrate new automation technologies with existing port management systems (Mean =3.84, std=0.36). Pearson correlation coefficient indicated that there was statistically significant moderate and positive relationship between yard automation and port operational efficiency (𝑟 (87) = 0.519, 𝑝 < .050). The regression analysis revealed R-Square, R2= 0.270, implying that the 27.0% of the model could accurately be predicted by yard automation. The ANOVA F statistic of 31.396 (F (1, 85) =25.945, p<.05)), suggesting that yard automation plays a significant role in port automation. The regression coefficient showed that for every unit increase in yard automation, port operational efficiency by 0.516 units ((𝛽 = .519, (84) t= 5.603, 𝑝 < .05)).
Finally, regarding port operational efficiency, the analysis revealed that the adoption of automated tracking and management systems had enhanced accuracy in container placement (Mean = 3.79, std =.72).  The regression analysis revealed R-Square, R2= 0.340, implying that the 34.0% of the model could accurately be predicted by port automation practices. The linear regression F statistics shows that there was a statistical and significant relationship between Port Automation and Port Operational Efficiency (F (2, 85) =21.600, p<.05.
5.3 [bookmark: _Toc177469951][bookmark: _Toc189240159]Discussion
5.3.1 Cargo Handling Automation and Port Operational Efficiency
The study found that introduction of automated gate systems at the Port of Mombasa has led to faster truck and cargo processing, improving overall port efficiency. These results align with the findings by Di Vaio and Varriale's (2019). In their analysis digital platforms tend to enhance operational efficiency at Italian seaports. This is similar case with the Port of Mombasa which serves a major role of connecting East Africa to the rest of the continent. Similarly, Gattuso and Pellicano (2023) emphasised that automation in container handling boosted productivity by reducing freight handling time and costs. The port of Mombasa has managed to record faster cargo dwell time of 2.9 days in 2023 against 3.9 days in the previous year. The Nigro et al. (2024) also supported this argument. They noted that digital transformation significantly contributed to operational improvements in Italian ports.
The adoption of automated data analytics to predict cargo flow and manage inventory levels was agreed to a moderate extent. For instance, The Mombasa Port in Kenya processed some 1.44 million TEUs of containers in 2021.This result resonates with the findings of Sepdeya (2023), who emphasised the importance of efficient information flows in port operations. Additionally, Boakye, Li, and Asare (2021) contended that efficient service production is critical to port productivity. The efficiency level of the Port of Mombasa has bolstered its competitiveness over the Durban and Dar es Salaam ports which often face congestion. Tsolakis et al. (2021) also highlighted the role of AI-driven logistics in enhancing routing efficiency and inventory management in container terminals, further supporting these findings.
The use of real-time tracking systems for container location at the Port of Mombasa was acknowledged as a crucial aspect of automation. The Port leadership has demonstrated innovative mindset in the development of a software that collects information detailing time spent at every agency. This result aligns with the work of Kosiek et al. (2023), who reviewed modern port technologies and found that real-time tracking significantly improves operational efficiency. Gattuso and Pellicano (2023) also supported this, emphasising that automated tracking enhances safety and cost-effectiveness. Similarly, Popoola et al. (2024) argue that automation improves workforce management. Thus, real time systems depend on technical skill development in order to maximise efficiency. The Regional Electronic Cargo Tracking System (RECTS) presents harmonised cargo tracking system that connects Kenya, Uganda and Rwanda by monitoring cargo movement within the market.
Furthermore, automated scanning technologies were found valuable in cargo handling process. They have the capabilities of quickly and accurately checking containers. This outcome echoes the findings of Di Vaio and Varriale (2019), who noted the benefits of digital platforms in reducing time and improving accuracy in port operations. Bottalico (2022) also emphasised the positive impact of automation on labor relations and safety at the Port of Antwerp. Gattuso and Pellicano (2023) further supported this, showing that automated scanning enhances port productivity by reducing freight inspection times.
The regression analysis revealed a significant positive relationship between cargo handling automation and port operational efficiency. The R² value of 0.234 indicates that automation explains 23.4% of the variance in operational efficiency. These results are in agreement with Sepdeya (2023), who identified technology as a key driver of port performance improvement. Similarly, Popoola et al. (2024) showed that automation reshapes operational dynamics, contributing to improved efficiency. Bottalico (2022) also found that automation positively impacts port productivity and efficiency, supporting the current study's findings.
The Pearson correlation results demonstrated a moderate positive and significant effect of cargo handling automation on port operational efficiency (r = 0.484, p < 0.05). This correlation is consistent with the findings of Di Vaio and Varriale (2019), who showed that digital platforms improved efficiency in Italian seaports. Gattuso and Pellicano (2023) also observed a positive impact of automation on port productivity. Similarly, Sepdeya (2023) emphasized the importance of reducing inefficiencies through automation to enhance port operations.
Although the study found a positive and significant effect of cargo handling automation on port efficiency, some studies contradict these findings. For instance, Bottalico (2022) highlighted potential challenges related to labor resistance to automation, which could slow down its adoption. Additionally, Nigro et al. (2024) focused on the infrastructural challenges posed by alternative fuels rather than automation, indicating a different area of concern for port sustainability. Finally, Tsolakis et al. (2021) raised concerns about cybersecurity risks associated with digitalisation, which were not addressed in this study.
5.3.2 Yard Operations Automation and Port Operational Efficiency
The study found that bottlenecks in cargo clearance at the Port of Mombasa, such as delays and congestion, were significant challenges to operational efficiency. These findings align with Boakye, Li, and Asare (2021), who emphasise the critical role of ports in enhancing a country's productivity by managing freight rates and turnaround times. RECTS adoption has protected goods from incidents associated with attempted robberies, cargo diversions and accidents.  Similarly, Sepdeya (2023) highlighted the importance of reducing inefficiencies such as terminal congestion to improve performance. Popoola et al. (2024) also point out that automation technologies in ports could reshape operational dynamics, although their focus was more on workforce management.
Regarding automation in the productive supply chain, the study revealed that container tracking systems were implemented, but the use of Automated Guided Vehicles (AGVs) was limited. The adoption of technology in the supply chain has contributed to over 20,785 cargo containers tracked with over 2,900 seals (KPA, 2024). These results echo findings from Recalde et al. (2023), which explored how automation technologies, like Ground Vehicles, enhance port efficiency. Camarero Orive et al. (2020) also support this, stating that automation can optimise container management in ports. The automation project has also eased the cost of doing business at the port. There were less paperwork transactions and the savings in cashless transport as a bond payment at port of Mombasa. However, the study found discrepancies between automation adoption levels, suggesting that Mombasa still faces challenges in fully integrating advanced automation tools, unlike ports in more developed regions.
Furthermore, data analytics and automated gate systems were utilised to forecast cargo volumes and manage terminal resources effectively. This is consistent with Majoral, Reyes, and Saurí (2024), who noted that semi-automated systems, including data-driven decision-making, often lead to better handling times in terminals. Sepdeya (2023) supports these results by showing how streamlined information flows, including automated systems, can enhance port performance. However, the limited integration of automation technologies in Mombasa highlights ongoing barriers to achieving maximum operational efficiency.
Pearson correlation analysis revealed a statistically significant positive relationship between yard automation and port operational efficiency. The results therefore imply that discharging and loading of vessels, stacking and unstacking of containers in the yard and delivery of import and export containers, relied on technology adoption. These results are consistent with findings from Sepdeya (2023), who demonstrated that reducing manual interventions through automation enhances port performance. Boakye, Li, and Asare (2021) further support the positive impact of automation on port efficiency. Recalde et al. (2023) also observed positive effects of automated systems on efficiency, particularly in advanced port environments, which aligns with the positive relationship identified in this study.
The regression analysis showed that 27% of port operational efficiency could be explained by yard automation. These results signal a significant role of automation in improving efficiency. The recent effort by the port management to setup a cargo marshaling yard, a temporary, in-transit storage area for containers and trucks at Jomvu (Otieno, 2023). The aim was to expedites discharge operations by facilitating rapid and continuous movement of cargo and containers to and from the port. These findings mirror the study by Majoral, Reyes, and Saurí (2024), which found that automation contributes to cost reduction and performance enhancement in terminal operations. Similarly, Camarero Orive et al. (2020) observed that ports with higher levels of automation reported greater operational efficiencies. However, Gekara and Nguyen (2020) found that automation implementation in ports like Mombasa often faces logistical challenges, which may explain why 73% of the efficiency is attributed to other factors.
The results of this study demonstrated a statistically significant effect of yard automation on port operational efficiency, with a p-value less than 0.05. This supports earlier research by Popoola et al. (2024) and Recalde et al. (2023), which found that automating yard operations improves efficiency. The positive regression coefficient further confirms that an increase in automation leads to improved performance. This outcome agrees with Boakye, Li, and Asare (2021) who established a positive and significant relationship between yard technologies and efficiency. However, the lower percentage explained by automation alone suggests that other external factors, such as manual interventions, still play a substantial role in Mombasa's port operations.
Although the study found a positive and significant effect of yard automation on port operational efficiency, some studies disagree. For instance, Majoral, Reyes, and Saurí (2024) argue that semi-automated systems can outperform fully automated ones, contradicting the assumption that full automation leads to greater efficiency. Additionally, Gekara and Nguyen (2020) identified challenges in implementing Terminal Operating Systems (TOS), which may hinder the full benefits of automation. Similarly, Popoola et al. (2024) highlighted that automation might not always lead to expected efficiency gains, especially in less technologically advanced contexts like Mombasa.
5.4 [bookmark: _Toc177469952][bookmark: _Toc189240160]Conclusion
5.4.1 Cargo Handling Automation and Port Operational Efficiency
The study concludes that cargo handling automation at the Port of Mombasa has positively influenced execution of various operations. Automation practices are vital in optimising port operations and connecting port information into a network that enhances productivity. This results in reduced loading and unloading times. The study further concludes that simplified data management systems, process information and relay to various port operators for efficient cargo handling. It also concludes that automation enhanced level of accountability and eliminated fraud loopholes exploited by port operators. In addition. Advanced levels of security and operations tracking assisted in handling large volumes of cargo. This was vital in facilitating speedy decision making among port employees hence reduction in operational lags. It also concludes that automation practices have streamlined scheduling and inventory management, contributing to smoother cargo flow. The study found that usage of smart gates and data analytics is critical in guiding the execution of smart gates tasks within the scope of the port operations to impart seamless customs processes. As a result, by integration of technologies in smart gates initiatives leads to enhanced efficiency, enhanced levels of quality service delivery, simplification of smart gates tasks, imparting high levels of accountability, elimination of anticipated future operational errors, efficiency in operational planning, and task automation leads to lean operational costs.
5.4.2 Yard Operations Automation and Port Operational Efficiency
The study concludes that the port of Mombasa has made moderate progress in automating its yard operations. These initiatives have contributed to improved operational efficiency, particularly in container position tracking. The automated yards allow a cut in operators costs, but consume more during the day because they are characterised by a higher productivity than traditional vehicles, so the average number of moves in an hour is greater. The study concludes that yard automation reduces human intervention which enhances standardisation of operational performance and service quality. In addition, reduced congestion through real time monitoring of vehicles required at the port. The yard optimisation technologies efficiently arrange containers which maximise the use of available space and port storage facilities. cargo handlers and stacking cranes are used to stack the containers as per the category specified and managed by the date of departure inland. Besides, adoption of automated guided vehicles eliminates uncertainty in response times, reduce operational costs and associated human errors. Similarly, reduction of direct human involvement improves cargo safety hence reducing costs associated with clearance of imports and exports. However, fragmented procedures, limited coordination and partially automated supply chain inhibits overall optimal operational performance. 
5.5 [bookmark: _Toc177469953][bookmark: _Toc189240161]Recommendations
The section presents recommendations for improvement and suggestions for further studies.
5.5.1 Suggestions for Improvement
5.5.1.1 Cargo Handling Automation and Port Operational Efficiency

The study recommends that Kenya Ports Authority (KPA), cargo owners and shipping firms should embrace integrated cargo tracking system embedded on real time GPS. This can strengthen the current RFID tracking technologies. Integrating digital dashboard which is accessible to the port users to reveal real time cargo movement. The clearing agents, commercial banks and Kenya Revenue Authority can adopt end to end automated clearance platform with functionalities such as custom clearance, payments and document submission. The platform can enable cargo owners to upload documents, initiate online payments. For the cargo owners with limited internet access, KRA can provide a centralised mobile kiosk to speed up clearance process. Moreover, KPA management could deploy automated conveyors that operate 24/7 to optimise loading and unloading of ships. It is also necessary to implement a centralised mobile app for communication and scheduling by stakeholders. Such apps could enhance provision of real time updates cargo availability, truck entry schedules and traffic conditions at the port. The logistical entities could use the app in booking pickup slots hence minimizing any congestions. 
5.5.1.2 Yard Operations Automation and Port Operational Efficiency
To enhance yard security, Kenya Ports Authority in collaboration with Kenya Coast Guard Service and private security firms can install smart cameras and sensors. This can enhance monitoring restricted areas and yards to signal unauthorized access. The integration of artificial intelligence can alert security teams in real time. It is also necessary for the shipping firms and trading entities to integrate big data analytics platforms in monitoring cargo movement, clearance times and ship arrivals. This can enhance sharing of customized reports on inefficiencies and performance metrics at the port. The study suggests that the port management should continue expanding the scope of automation to areas such as AGVs to further reduce manual handling and improve efficiency. It recommends adopting AI based yard management system for analysing incoming cargo categories, durations of stary and volume projects so as to allocate yard spaces dynamically. The yard operators need to consider adoption of gantry cranes for handling stacking and retrieval of containers with AGVs dedicated for transportation to designated locations. Additionally, the study calls for enhancing staff training on automated systems to ensure seamless operation and full utilization of these technologies. Finally, KPA leadership should consider conducting regular yard audits of its automation systems and partner with technology providers to adopt the latest innovations in port management.  

5.5.2 Suggestions for Further Studies 
The study was confined to the effect of automation on operational efficiency of the port of Mombasa. Further research could investigate the critical success factors such as organisational culture, leadership style and organisational resources on the adoption of these technologies. Alternatively, future research could examine how the level of workforce readiness in the transition from hybrid to fully automated work environment at the port of Mombasa. Moreover, researchers could look into the effect of automation towards port sustainability performance beyond operational measures such as reduction of emissions and green logistics. Finally, assess the effectiveness of managerial frameworks such as balance scorecard for benchmarking automation performance against other regional and global ports in areas such as turnaround time, cargo volume and efficiency gains.
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I am Abdirahman Osman Mohamed conducting a study on Disruption of technology in developing African markets: Research of the impact of automation on operations of the Mombasa Port. This part of the requirements for completion of e-MBA programme. Kindly assist in answering the following questionnaire.
Appendix I: Questionnaire
The questionnaire comprises of 2 main parts: The first part focuses on the background profile of port operations workers. The second section captures the independent and dependent variables for the study.
Port Automation and Operational Efficiency
PART 1: General Information
1. Highest level of education?
Certificate [  ]  Diploma  [  ]      Bachelor’s degree [ ]       Master’s degree [ ]     Other (please specify) [  ]
1. Experience in port operations?
Less than 3 years    [  ] 3–6 years  [  ]   7–10 years [  ]  11–14 years [ ]  
More than 14 years [ ]
1. Current role at the port?
Port Authority Personnel  [ ]      Clearing and Forwarding Agent   [  ]    Customs Official
Other (please specify) [  ]
1. How would you rate your knowledge of port operations?
Least knowledgeable [   ]  Moderate knowledge   [  ] Knowledgeable [  ]
Highly knowledgeable [  ]  Expert [ ]






PART B: Independent Variables
Section 1: Cargo Handling Automation
Kindly rate the following statements based on your level of agreement: Strongly Disagree (1), Disagree (2), Neutral (3), Agree (4) and Strongly Agree (5).
	Cargo Handling
	1
	2
	3
	4
	5

	1. The port has adopted automated systems for tracking the location of containers in real-time.
	
	
	
	
	

	1.  Automated cargo scanning technologies are now used to check containers quickly and accurately.
	
	
	
	
	

	1.  The port utilizes computerized systems for managing and scheduling cargo handling activities.
	
	
	
	
	

	1.  The introduction of automated gate systems allows for faster processing of trucks and cargo.
	
	
	
	
	

	1.  The port employs automated data analytics to predict cargo flow and manage inventory levels.
	
	
	
	
	



Section 2: Yard Operations Automation
Please rate the following aspects of yard operations automation at the port:
(1 = Strongly Disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly Agree)
	Statement
	1
	2
	3
	4
	5

	a. Container position tracking systems have been implemented to locate containers within the yard.
	
	
	
	
	

	b. The port has integrated automated systems to schedule and coordinate yard operations efficiently.
	
	
	
	
	

	c. Automated systems are used for managing container stacking and retrieval to optimize space.
	
	
	
	
	

	d. The port uses automated stacking cranes to organize containers in the yard.
	
	
	
	
	

	e. Automated Guided Vehicles (AGVs) are employed to transport containers between different areas.
	
	
	
	
	





1.  What are some of the issues faced in automation of yard operations?
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
Section 3: Efficiency and Reliability of Cargo Movement
 Please rate the following statements on a five-point Likert scale depending on the level with which you agree with automation port product’s supply chain:
(1 = Strongly Disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly Agree)
	Statement
	1
	2
	3
	4
	5

	a. Automated tracking and management systems have improved accuracy in container placement.
	
	
	
	
	

	b. Implementation of automated container handling systems has significantly reduced clearance time.
	
	
	
	
	

	c. Automated gate systems have noticeably reduced truck turnaround times and eased congestion at port gates.
	
	
	
	
	

	d. Automated systems have led to a noticeable reduction in labor expenditures by minimizing manual handling.
	
	
	
	
	

	e. Automation has contributed to a reduction in port-related emissions and enhanced overall environmental sustainability.
	
	
	
	
	




Thank you. 






































Response Rate


Valid Responses	Invalid Responses	87	13	

Educational Qualifications 


Certificate  	Diploma  	Bachelors Degree 	Masters Degree 	10	21	49	7	

Level of Experience


Less than 3 year 	3-6 years  	7-10 years  	11-14 years 	More than 14 years   	9	14	35	19	10	

Role at the Port


Port Authority Personnel  	Clearing 	&	 Forwarding Agents 	Customs Official     	45	30	12	

Knowledge of Port Operations





Least Knowledgeable  	Moderately Knowledgeable 	Knowledgeable 	Highly Knowledgeable   	4	21	44	18	

Bottlenecks in Cargo Clearance


Lengthy dwell times	Manual custom clearance	Custom delays	Congestion	Inefficient cargo tracking system	Corruption	Fragmented Procedures	22	18	37	14	22	25	11	
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