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1. [bookmark: _Toc196984162]Summary
This report evaluates the supply chain challenges faced by Toon Air in managing spare parts and provides recommendations for improvement. It also explores the potential benefits and risks of outsourcing warehouse management and defines key performance measures to ensure success.
2. [bookmark: _Toc196984163]Introduction
The case study of Toon Air illustrates the challenges faced by smaller airlines within a competitive and rapidly evolving aerospace sector. As a niche player in the UK airline market, Toon Air has encountered significant pressures from increasing competition, particularly from low cost airlines. 
In response, the company is focusing on improving efficiency, particularly in purchasing and inventory management which is crucial to maintain its market position. The specific focus on purchasing and inventory management is a priority, especially given the implications of aircraft downtime caused by spare part availability and inefficiencies in inventory management.
Toon Air's centralised warehousing system presents challenges, particularly since it is situated 30 miles away from the nearest airport, which can lead to delays in spare parts distribution during maintenance operations. This geographical limitation can result in aircraft downtime while waiting for parts, potentially increasing operational costs and reducing aircraft utilisation (Krivonosova, 2024). Efficient transportation and resource allocation are vital for minimising these delays and enhancing operational performance (Zakir et al., 2023). Toon Air must reassess its inventory management practices to address the risks associated with high inventory levels that increase the likelihood of technical obsolescence, as a result rendering many stock items unusable (Narendran et al., 2024).
There is a need for a structured approach to purchasing that reinforces adherence to procurement practices. The tendency for engineers to bypass the purchasing department in favour of direct supplier relationships can lead to compliance issues that could jeopardise the integrity of supply chain operations (Debnath et al., 2022). Establishing a framework to streamline the purchasing process, alongside effective inventory management practices, is necessary to build a more responsive system that adapts to variable demand patterns within the industry (Alshurideh et al., 2019). 
Overall, it is critical for Toon Air to adopt the appropriate strategies in purchasing and inventory  management to mitigate risks associated with inventory discrepancies, enhance parts availability, and ensure cost effective operations, thereby laying a robust foundation for future competitiveness in the evolving aerospace landscape.
A full list of issues identified are listed in the table below:


	Issue
	Description

	Centralised warehouse inefficiencies
	The warehouse is located 30 miles from the nearest airport, causing delays in spare parts delivery.

	Aircraft downtime
	Spare parts are not available at destination airports, leading to delays and substitution of aircraft.

	High inventory costs and obsolescence
	Large investments in stock, but many parts become obsolete due to design changes and regulatory updates

	Inefficient inventory management
	Parts continue to be ordered despite design changes, leading to surplus and waste.

	Stockout issues
	Variability in lead times and unpredictable demand patterns result in key components being out of stock.

	Unregulated purchasing practices
	Engineers bypass the purchasing department, ordering parts directly from suppliers without standardised terms.

	Lack of procurement oversight
	High value items are ordered without purchase orders, leading to inefficiencies and potential financial losses.


Addressing these issues is critical to optimising the supply of spare parts and ensuring smooth maintenance operations. This report answers the following three questions and provides recommendations for optimisation.
3. [bookmark: _Toc196984164]Question 1 
Critically evaluate how the supply of spares to the end users can be improved?
To improve the supply of spares at Toon Air, it is essential to adopt a comprehensive strategy that addresses inventory management, forecasting, and logistics optimisation. A well structured inventory control strategy is crucial to ensure sufficient availability of spare parts while minimising excess inventory that could lead to financial troubles due to obsolescence (Gu et al., 2012).
Toon Air should adopt a series of strategic measures that are designed to reduce lead times, minimise excess inventory, improve demand estimation, and create a more responsive and efficient supply chain. Several strategies are reviewed below:
A decentralised inventory system should be established by creating smaller regional warehouses at key airport locations. By positioning storage facilities closer to operational bases, spare parts, particularly those that are frequently used and critical, can be delivered with minimal delays. This approach not only reduces transit times but also provides better control over inventory in geographically dispersed markets (Bisadi et al. 2024). Decentralising storage can optimise inventory allocation and responsiveness in logistics intensive industries such as aerospace. A centralised distribution centre could be considered to directly feed into the smaller regional  warehouses to further improve overall responsiveness of spare parts delivery. This hierarchical approach helps balance inventory levels across the network, reduce overall holding costs, and mitigate the risk of shortages at local warehouses (Topan & Bayindir, 2012). 
Implementing a Just in Time (JIT) inventory management system. By reducing stock levels and eliminating excess inventory, JIT minimises the capital investment locked in spare parts while ensuring that parts are available when needed. Closer collaboration with suppliers is essential under JIT to guarantee the timely delivery of components. This alignment has been extensively discussed in literature detailing the economic benefits and inventory efficiencies achieved through JIT practices (Mohamed, 2024).
Improving forecasting accuracy is another critical component for effective spare parts supply management. The importance of a robust information system that supports accurate demand forecasting to reduce the risk of shortages and unnecessary inventory (Zhao et al., 2013). By leveraging historical demand data alongside predictive analytics, Toon Air can develop more reliable forecasts that account for seasonal and operational variables, ultimately leading to improved parts availability. Integrating real time analytics tools and smart spare parts management systems facilitates quicker adjustments to inventory levels, thereby reducing shortages and excess inventory simultaneously. (Fan, 2023) (Zheng & Wu, 2017).
Supplier collaboration & Airline Pooling: Supplier collaboration plays an important role in optimising supply chain performance. Toon Air should develop long term partnerships with key suppliers to enhance lead time predictability and ensure smoother order fulfilment. A collaborative management strategy encourages information sharing, coordinated planning, and joint problem solving, which are essential for mitigating risks associated with supply disruptions and ensuring reliable part deliveries (Liu & Jiang, 2013). The establishment of a pooling strategy among airlines can help mitigate these issues by consolidating spare parts across the network. Research demonstrates that pooling can facilitate better coordination and reduce overall operating costs, thereby enhancing the availability of essential parts during maintenance operations (Qin et al., 2023). This collaborative approach offers a promising avenue for companies struggling with high inventory levels while ensuring that critical components are accessible when required.
Standardising the ordering process is equally important. By mandating that all spare parts orders go through a centralised inventory management department, Toon Air can enforce strict procurement processes, improve data accuracy, and eliminate redundant or unauthorised purchasing behaviours. The implementation of a web based supply chain management system has been shown to enhance ordering procedures and integrate supplier platforms effectively, enabling better oversight and control (Harahap et al., 2024).
The use of RFID and barcode tracking technologies is recommended to enhance inventory visibility and streamline the distribution process. These technologies provide real time tracking and precise location data for spare parts, reducing errors and improving the accuracy of inventory counts. Case studies across various industries have underscored significant improvements in monitoring and traceability when RFID systems are incorporated into inventory management systems (Kakade, 2024). 
Kanban System: Introducing a kanban system for inventory replenishment can streamline the ordering process and reduce lead times for critical components (Lozano et al., 2017). This system can facilitate real time replenishment based on usage, thus aligning supply tightly with demand patterns. Additionally, by classifying parts into critical and non critical categories, Toon Air can focus on managing essential inventory levels more effectively (Rad et al., 2011).
Emergency logistics plan: Establishing an emergency logistics plan is vital to addressing unexpected aircraft downtime due to spare part shortages. A rapid response logistics framework, potentially incorporating shared fleet or consolidated delivery models, can help Toon Air transport parts swiftly when urgent required. Such emergency logistics systems not only reduce downtime but can also yield environmental benefits through consolidated transportation (Grote et al., 2021).
Conclusion
By decentralising inventory, adopting JIT, improving forecasting, enhancing supplier collaboration, standardising ordering processes, deploying advanced tracking technologies, implementing a Kanban system and formulating a robust emergency logistics plan, Toon Air can optimise its spare parts supply chain to achieve better efficiency, reduced operational costs, and improved aircraft turnaround times and maintain competitiveness in an increasingly crowded market.
4. [bookmark: _Toc196984165]Question 2
The company is considering outsourcing the management of parts warehouse and supply of parts to the engineering functions.  Advise, the company on what outsourcing involves and what areas would require special attention?
Outsourcing the management of the parts warehouse and its associated supply chain activities offers Toon Air the potential to achieve cost efficiency, enhanced service levels, and streamlined operations. However, transitioning to an outsourced model involves careful planning and consideration of several critical factors to ensure that the benefits are realised while minimising risks. Below are several key considerations that need to be evaluated while considering outsourcing:
Scope Definition: A clear definition of the responsibilities to be outsourced is essential. Toon Air must define the specific aspects of inventory management that will be transferred to the logistics provider. These typically include warehousing, distribution, procurement, and stock replenishment functions. Defining the scope of outsourcing helps to set precise performance criteria and boundaries, ensuring that both parties understand and agree on their roles. Clarity in the scope definition minimises ambiguities and forms the basis for effective performance management (Ding & Stoner, 2004) (Mengistu et al., 2023).
Provider Selection: Selecting the right provider is a fundamental step to ensure the success of the outsourcing project. Toon Air should choose a logistics provider with demonstratable experience in the aerospace industry. Such experience is critical for ensuring that the provider understands and complies with the rigorous safety and regulatory requirements that govern aerospace operations. Specialised providers with domain expertise are better equipped to handle the complexities found in aerospace logistics, thereby reducing risks and improving service levels (Rahman, 2011)(Liu & Jiang, 2013).
Contract and Service Level Agreements (SLAs): The foundation of a robust outsourcing relationship lies in clearly articulated contracts and detailed service level agreements (SLAs). SLAs should cover important parameters such as response times, inventory accuracy, order fulfilment rates, and penalties for non compliance. These agreements serve as both a performance benchmark and a risk mitigation tool. Research emphasises the need for SLAs to drive accountability and ensure that the outsourced provider meets predetermined operational standards (Mengistu et al., 2023) (Batarlienė & Jarašūnienė, 2024).
Regulatory Compliance: Given the highly regulated nature of the aerospace industry, regulatory compliance is a non negotiable element in the outsourcing process. The chosen partner must adhere to all relevant safety standards and aerospace regulations. This includes compliance with international aerospace standards and locally applicable legislation. Ensuring such compliance not only protects Toon Air from regulatory risks but also assures customers and stakeholders of the maintained level of safety and reliability (Rahman, 2011) (Narendran et al., 2024).
Data Security and Integration: Seamless integration between Toon Air’s inventory management systems and the outsourced provider’s system is critical for real time visibility and tracking. This integration minimises information silos and ensures data security across the board. Robust data sharing protocols and cybersecurity measures should form part of the outsourcing agreement. Research highlights that effective real time data exchange leads to enhanced decision making capacity and improved operational performance (Zhao et al., 2013)(Harahap et al., 2024).
Cost Analysis: A thorough cost benefit analysis must be performed to compare the financial implications of in house management versus outsourcing. This analysis should include direct cost savings from outsourcing, alongside indirect cost benefits such as improved operational efficiency and reduced aircraft downtime. In many cases, outsourcing may offer substantial cost efficiencies when the full spectrum of benefits, including technology investments and process improvements, is considered (Mohamed, 2024) (Batarlienė & Jarašūnienė, 2024).
Risk Management: Outsourcing inherently introduces risks, including potential supply chain disruptions and loss of direct control over critical processes. Toon Air should establish contingency plans to address disruptions, such as backup suppliers or emergency logistics arrangements. A detailed risk management framework that identifies potential vulnerabilities and outlines mitigation strategies is essential for maintaining continuity in the supply chain (Peng et al., 2015)(Knofius et al., 2016).
Conclusion
The decision to outsource the management of the parts warehouse and supply chain functions offers significant potential benefits, provided that Toon Air addresses the key considerations through a structured approach. By defining the scope precisely, selecting an experienced provider, establishing robust SLAs, ensuring regulatory compliance, securing and integrating data systems, conducting a comprehensive cost analysis, and implementing a detailed risk management plan, Toon Air can optimise its operations effectively.
5. [bookmark: _Toc196984166]Question 3
Evaluate what performance measures would need to be implemented for the outsourcing of the parts warehouse.
When outsourcing the management of the parts warehouse at Toon Air, establishing effective performance measures is essential to ensure that the outsourcing arrangement meets the desired operational standards and contributes positively to overall organisational goals. The following key performance indicators (KPIs) should be implemented:
Inventory Accuracy and Turnover Rates: Inventory accuracy is crucial in warehouse management, especially for an airline, where spare parts availability directly affects operational efficiency. A performance measure such as inventory accuracy percentage (which calculates the ratio of accurate inventory records to actual physical counts) should be established (Kusrini et al. 2018). Additionally, measuring inventory turnover rates how often inventory is replaced over a specific period will help Toon Air assess the effectiveness of the outsourced warehouse operations in managing inventory effectively (Chen et al., 2010).
Order Fulfilment Metrics: Timely order fulfilment is a critical factor. Key performance indicators (KPIs) should include order lead time and fill rate, which quantify how quickly orders are met and how many orders are fulfilled without shortages. Optimising these metrics ensures that maintenance engineers have the parts they need without lengthy delays and minimise aircraft downtime (Karim et al., 2020). Tracking the percentage of orders fulfilled on time can provide insights into the service efficiency of the outsourced provider.
Cost effectiveness Analysis: Evaluating both fixed and variable costs associated with outsourced operations is necessary. This involves developing metrics such as cost per order processed and storage cost per square foot. By comparing these costs with historical internal operations, Toon Air can assess whether outsourcing is yielding the expected financial benefits (Batarlienė & Jarašūnienė, 2024). Additionally, any unexpected costs, such as penalties for delay or low service levels, should also be closely monitored.
Quality and Compliance Monitoring: Since the aerospace industry is heavily regulated, compliance with safety and quality standards is non negotiable. Performance measures should include compliance rates with industry standards and internal quality audits focused on service quality, stock quality, and regulatory adherence (Mengistu et al., 2023). Conducting regular audits will ensure that the outsourced warehouse meets the stringent requirements specific to aerospace parts supply.
Supplier Performance Assessment: The effectiveness of the third party logistics provider can be evaluated by assessing supplier reliability and responsiveness. KPIs such as supplier on time delivery rates and defect rates of received goods are critical to understanding the supplier's capability and influence on operational performance (Karim et al., 2020). Establishing agreements that involve penalties for poor performance can effectively incentivise suppliers to maintain high standards.
Customer Satisfaction Metrics: Lastly, measuring the satisfaction of the internal customers (maintenance engineers) with the performance of the outsourced services is essential. A feedback mechanism, such as surveys, can gather insights about their experience relating to parts availability, delivery times, and overall operational support. This helps identify potential areas for improvement and gauge the success of the outsourcing project (Staudt et al., 2015).
Considerations for Implementation
To successfully implement these performance measures, regular communication and the development of a monitoring framework are crucial. Establishing a governance structure that includes regular performance review meetings between Toon Air and the outsourced provider can facilitate transparency. This is reinforced by establishing a continuous improvement plan, which encourages the outsourced provider to adapt and enhance operations in line with performance measure evaluations (Mengistu et al., 2023).

Conclusion
Implementing these performance measures, focused on inventory accuracy, order fulfilment, cost analysis, compliance, supplier assessment, and customer satisfaction, will help Toon Air effectively manage and evaluate the outsourcing of its parts warehouse. By leveraging these metrics, Toon Air can ensure that the outsourcing decision enhances operational efficiency and aligns with the company’s strategic objectives.
6. [bookmark: _Toc196984167]Recommendations
Toon Air can optimise its spare parts supply chain through a series of recommendations that align with best practices in supply chain management while addressing the current operational challenges. These recommendations aim to enhance efficiency, reduce costs, and improve service levels across the supply chain.
Recommendations for Optimising Spare Parts Supply Chain
Decentralised warehouse: By implementing regional warehouses allows for tailored inventory management, where stock levels, replenishment policies, and part criticality can be customised to meet the demand of each location. For instance, applying a multi criteria classification of spare parts, enables the organisation to identify and prioritise high criticality parts that should be available at regional locations (Stoll et al. 2015). This methodology ensures that essential spare parts are stocked closer to operational hubs, ultimately reducing aircraft downtime and streamlining maintenance operations.
In addition, the decentralisation of inventory can be integrated with a centralised distribution centre if required. A centralised facility can serve as an inventory collection point, which then feeds the regional warehouses based on real time demand data. This dual approach combines the cost benefits of centralised bulk storage and the operational agility of decentralised distribution, ensuring a balanced supply chain network capable of rapidly addressing local needs.
Implement Advanced Inventory Management Systems: To mitigate issues related to obsolescence and inventory inaccuracies, Toon Air should adopt sophisticated inventory management systems, such as Just In Time (JIT) practices or lean inventory models. These systems help reduce excess stock and ensure that parts are available only when needed enabling companies to lower costs while increasing responsiveness to customer demand (Wagner & Lindemann, 2008).
Enhance Forecasting and Demand Planning: Accurate forecasting is essential for managing spare parts effectively. By utilising historical usage data alongside predictive analytics, Toon Air can better anticipate demand fluctuations. This approach not only secures the availability of critical components but also minimises the risk of under or overstocking, which can lead to financial losses (Wagner & Lindemann, 2008). Tools like collaborative forecasting with maintenance teams can further enhance accuracy.
Evaluate and Optimise Supplier Relationships: Building strong relationships with key suppliers is critical in ensuring timely delivery and quality parts. Toon Air should assess supplier performance regularly and implement strategic sourcing practices that prioritise reliability and cost effectiveness. Additionally, extending partnership agreements to foster collaboration could lead to reduced lead times and improved terms (Mengistu et al., 2023). Establishing clear communication channels and feedback mechanisms will help address issues quickly and maintain high service quality.
Outsourcing Non Core Functions: Outsourcing certain warehouse and logistics functions to third party providers (3PL) can drive efficiency and allow Toon Air to focus on core competencies. Identifying the right logistics service provider is crucial to streamline operations, enhance visibility, and manage inventory effectively. A thorough analysis of current operations should proceed any decision to ensure alignment with 3PL capabilities (Mengistu et al., 2023).
Implement Performance Metrics and Monitoring Systems: Developing and implementing Key Performance Indicators (KPIs) is essential to assess the effectiveness of the spare parts supply chain. Metrics may include inventory turnover rates, order fulfilment accuracy, and lead times. Regularly reviewing these metrics will allow for proactive adjustments and improvements in supply chain performance (Wagner & Lindemann, 2008). Benchmarking against industry standards can provide insights into areas needing enhancement.
Utilise Technology for Real Time Tracking: Leveraging technology such as RFID will enable real time tracking of parts through the supply chain. These technological solutions enhance transparency and enable quick decision making regarding inventory management and logistics planning (Choi et al., 2016).
Risk Management and Contingency Planning: As outsourcing and supply chain dynamics develop, risks such as supply disruptions cannot be overlooked. A comprehensive risk management framework should be established, incorporating scenario planning for potential disruptions (e.g., supplier failures, transport delays). Aligning risk management strategies with supplier contracts can facilitate smoother operations despite unforeseen challenges (Knofius et al., 2016).
Continuous Improvement and Employee Training: To foster a culture of continuous improvement in spare parts management, Toon Air should promote regular training for staff involved in supply chain activities. This training ensures that employees are familiar with current best practices, supply chain technologies, and regulatory requirements. Creating an environment that encourages feedback and innovation can lead to more effective strategies and processes (Handfield et al., 2014).
Collaborative Engagement with Maintenance Teams: Close collaboration with maintenance engineers is vital to identify actual spare parts needs and optimise parts kits for various maintenance routines. Engaging end users in the supply chain decision making process can improve accuracy in spare parts management, ensuring that engineering teams receive the parts necessary to minimise aircraft downtime (Prataviera et al.,2021).


Conclusion
By implementing these recommendations, Toon Air can optimise its spare parts supply chain effectively. This approach will not only enhance operational efficiency and reduce costs but also improve service delivery and customer satisfaction. Ultimately, a strategic focus on inventory management, supply chain collaboration, and technological solutions will position Toon Air to thrive in a competitive airline market.
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