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Executive Summary

This report critically evaluates the operational and sustainability challenges currently affecting Brocksweir Engineering Ltd, with particular focus on inventory management inefficiencies within the sand foundry operation. The company has experienced increased operational pressure due to rising disposal costs associated with hazardous foundry materials, excessive stockholding of short shelf-life resins, and a lack of effective inventory control systems. Approximately £20,000 of obsolete resin inventory has been identified, creating significant financial and environmental liabilities.
The report evaluates a range of inventory management techniques including Economic Order Quantity (EOQ), Vendor Managed Inventory (VMI), ABC inventory analysis, Enterprise Resource Planning (ERP) systems, lean manufacturing principles and FIFO stock rotation systems. These approaches are critically assessed in relation to their operational benefits, implementation limitations and suitability for Brocksweir’s foundry environment.
In addition, the report analyses alternative strategies for managing obsolete inventory, including hazardous waste disposal, recycling and recovery opportunities, reverse logistics systems and circular economy approaches. The importance of sustainability-focused inventory governance and environmental compliance is also discussed.
Furthermore, the report examines measures required to improve lead time visibility across the organisation and its extended enterprise network. Key recommendations include process mapping, value stream mapping, supplier performance monitoring, digital supply chain integration and stronger risk management practices.
Overall, the report concludes that Brocksweir Engineering Ltd can significantly improve operational efficiency, sustainability performance and supply chain resilience through the implementation of integrated inventory management systems, stronger supplier coordination and more strategic operational governance.
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[bookmark: _Toc229685866]1. Introduction
Inventory management plays a significant role within sustainable operations management because it directly influences production efficiency, operational costs, working capital, environmental performance and customer responsiveness. Manufacturing organisations operating in highly competitive sectors increasingly face pressure to reduce waste, improve resource utilisation and strengthen supply chain resilience. Consequently, inventory management is no longer viewed as a simple purchasing activity but as a strategic business function linked to sustainability and long-term organisational competitiveness.

Engineering organisations operating within foundry environments face particularly complex operational challenges because production systems depend heavily on hazardous materials, fluctuating demand patterns and strict environmental regulation. Poor inventory management within such environments may create operational inefficiencies, environmental liabilities and unnecessary financial costs. According to Christopher (2022), supply chain performance increasingly depends upon an organisation’s ability to integrate inventory management, sustainability and operational responsiveness into a single strategic framework.

This report critically evaluates how Brocksweir Engineering Ltd can improve management of sand and resin inventory through the implementation of advanced inventory management systems, lean operations principles and sustainable supply chain management strategies. The report additionally analyses available options for dealing with obsolete inventory and evaluates methods through which the organisation can improve lead time understanding across its extended enterprise network. The discussion integrates contemporary academic literature with practical recommendations appropriate for the company’s operational environment.


[bookmark: _Toc229685867]1.1 Background of Brocksweir Engineering Ltd
Brocksweir Engineering Ltd is a medium-sized engineering organisation operating across casting, fabrications and machining operations. Although the business has remained competitive despite pressure from overseas manufacturers, weaknesses within the sand foundry operation have exposed major deficiencies in inventory management and supply chain coordination. The organisation has accumulated approximately £20,000 of obsolete resin stock due to excessive bulk purchasing and inadequate inventory monitoring. In addition, disposal costs associated with foundry waste and hazardous resins have increased significantly because environmental legislation now classifies many foundry materials as special waste.

The company’s current operational approach appears reactive rather than strategically planned. Purchasing decisions are focused heavily on bulk discounts rather than total lifecycle cost and sustainability implications. Furthermore, the organisation lacks integrated inventory monitoring systems capable of tracking shelf-life limitations, stock ageing or supplier lead time variability. Consequently, excessive inventory has created operational waste, environmental liabilities, and unnecessary storage costs. These problems demonstrate the need for stronger supply chain governance and more sophisticated inventory management systems.
[bookmark: _Toc229685868]1.2 Sustainable Operations Management
Sustainable operations management refers to the integration of environmental, economic, and operational objectives within organisational processes. Modern organisations are increasingly expected to reduce environmental impact while maintaining operational efficiency and profitability. According to Carpitella (2025), sustainable inventory management reduces operational waste and improves long-term organisational resilience through more responsible resource utilisation.

Within Brocksweir Engineering Ltd, sustainability considerations are particularly important because the company operates within a foundry environment involving hazardous chemicals and energy-intensive production systems. Excessive inventory holding contributes directly to waste generation, energy consumption, and disposal costs. Therefore, inventory management decisions must balance operational efficiency with environmental responsibility. Sustainable procurement practices, improved forecasting systems, and stronger supplier collaboration would help the organisation reduce waste while supporting compliance with environmental regulations.

[bookmark: _Toc229685869]2. Managing Sand and Resin Inventory
The current inventory management system within Brocksweir Engineering Ltd is highly inefficient because purchasing decisions appear reactive rather than strategically planned. Bulk ordering of short shelf-life resins has resulted in obsolete stock, increased storage costs, and environmental liabilities. According to Slack and Brandon‑Jones (2023), excess inventory is one of the most common forms of operational waste because it ties up working capital while hiding process inefficiencies and forecasting weaknesses.

One major weakness within the current system is the lack of integration between procurement, warehousing and production planning activities. Inventory decisions appear disconnected from operational demand patterns and supplier lead times. As a result, the company has accumulated materials beyond realistic consumption requirements. This demonstrates poor inventory governance and inadequate strategic planning.
[bookmark: _Toc229685870]2.1 ERP Systems and Digital Inventory Control
Implementation of an Enterprise Resource Planning system would significantly improve operational visibility and inventory accuracy. ERP systems integrate procurement, inventory control, warehousing, and production planning activities into a single digital platform. Jacobs and Chase (2021) argue that ERP systems improve forecasting accuracy and organisational responsiveness by providing real-time operational data across multiple departments.

For Brocksweir Engineering Ltd, ERP implementation would improve monitoring of stock levels, supplier lead times, shelf-life dates, and material consumption patterns. Automated alerts regarding ageing inventory would reduce the risk of obsolete stock accumulation. In addition, digital traceability systems would strengthen environmental compliance by improving monitoring of hazardous materials.

However, ERP implementation also presents challenges. Smaller engineering organisations often face financial barriers associated with software implementation, employee training, and system integration. Employee resistance to change may also reduce implementation effectiveness. Therefore, successful ERP adoption would require strong managerial leadership, employee engagement, and phased implementation planning.

[bookmark: _Toc229685871]2.2 Economic Order Quantity
Economic Order Quantity analysis should form a core part of Brocksweir’s inventory strategy because it enables organisations to balance ordering costs against holding costs. In this situation, holding costs extend beyond warehousing expenses to include environmental disposal costs and sustainability liabilities associated with obsolete hazardous materials.

The company’s current focus on bulk purchasing appears financially attractive in the short term but creates greater long-term costs through waste generation and disposal expenses. EOQ calculations would allow the organisation to determine optimal purchasing quantities while considering supplier lead times, demand variability, and storage limitations. According to Azim (2024), EOQ systems remain highly effective within manufacturing organisations when integrated with digital forecasting systems and sustainability-focused inventory planning.

Nevertheless, EOQ models also have limitations because they often assume stable demand and predictable supplier performance. Engineering supply chains are subject to uncertainty and operational disruption. Consequently, Brocksweir should integrate EOQ principles with safety stock analysis and supplier risk management rather than relying exclusively on theoretical calculations.
[bookmark: _Toc229685872]2.3 ABC Inventory Analysis
ABC inventory analysis would allow the organisation to prioritise inventory categories according to financial value, operational importance, and environmental risk. Phenolic and furan resins should be treated as Category A items because they are expensive, environmentally hazardous, and operationally critical. These materials should therefore receive strict managerial oversight, regular stock audits, and accurate demand forecasting.

Lower-value materials may be categorised as B or C items requiring less intensive management. Stevenson (2021) suggests that ABC systems improve operational efficiency because management resources are concentrated on strategically important inventory categories. Within Brocksweir’s environment, ABC analysis would additionally support sustainability objectives because environmentally hazardous materials would receive stronger monitoring and control.

However, one criticism of ABC systems is that they focus primarily on financial value rather than operational criticality. Some low-value materials may still be operationally essential. Therefore, Brocksweir should combine ABC analysis with operational risk assessment and sustainability evaluation.
[bookmark: _Toc229685873]2.4 Vendor Managed Inventory
Vendor Managed Inventory systems could significantly improve procurement efficiency and supplier coordination. Under VMI arrangements, suppliers monitor inventory levels and replenish materials according to agreed usage rates. Zhou (2019) argues that VMI reduces holding costs and improves replenishment accuracy through stronger supplier collaboration.

For Brocksweir Engineering Ltd, VMI would reduce the risk of overstocking short shelf-life resins while improving supply continuity. Supplier collaboration would additionally improve information sharing regarding demand patterns and production schedules.

Despite these advantages, VMI implementation also creates dependency upon supplier reliability and data accuracy. Poor communication or inaccurate forecasting may still result in stock shortages or excessive inventory. Therefore, Brocksweir should carefully evaluate supplier capability before implementing VMI systems.
[bookmark: _Toc229685874]2.5 Lean and Just-in-Time Operations
Lean manufacturing principles should be introduced throughout the foundry operation because lean systems focus on eliminating waste, improving process flow, and increasing operational responsiveness. Excess inventory, unnecessary transportation, and obsolete stock are examples of non-value-adding activities. According to Womack and Jones (2020), lean systems improve competitiveness by reducing operational inefficiency and strengthening process discipline.

Just-in-Time principles may reduce unnecessary stockholding by ensuring materials arrive closer to production requirements. However, complete reliance on JIT systems may increase operational vulnerability because engineering supply chains often experience transportation delays, supplier disruption, and fluctuating customer demand. Consequently, Brocksweir should adopt a balanced approach combining lean principles with strategic safety stock management.

Furthermore, lean implementation requires strong organisational culture and employee involvement. Without effective communication and continuous improvement initiatives, lean systems may fail to achieve sustainable long-term performance improvements.
[bookmark: _Toc229685875]2.6 Sustainability and Environmental Management
Environmental sustainability should become central to Brocksweir’s inventory strategy. Excessive stockholding contributes directly to hazardous waste generation, unnecessary energy consumption, and increased disposal costs. Green procurement policies and environmentally sustainable material selection would therefore strengthen compliance performance while improving organisational reputation.

The company should investigate whether alternative low-emission resin systems are commercially viable. Traditional phenolic and furan resins present environmental and health concerns because they release hazardous emissions and generate difficult waste streams. Transitioning towards more environmentally sustainable materials may reduce long-term environmental liabilities and strengthen stakeholder confidence.

Nevertheless, sustainable material alternatives may initially involve higher procurement costs and operational adjustment. Consequently, management must evaluate long-term sustainability benefits against short-term financial pressures. A phased transition strategy may therefore be more realistic than immediate large-scale operational change.
[bookmark: _Toc229685876]2.7 Warehouse Governance and FIFO Systems
Warehouse governance procedures require significant improvement. FIFO stock rotation systems should become mandatory for all hazardous materials because poor stock rotation directly contributed to the accumulation of obsolete resin inventory. Barcode systems, expiry-date monitoring and routine inventory audits would improve accountability and stock accuracy.

Employee training is equally important because operational improvement depends heavily upon workforce competence and organisational culture. Procurement staff, warehouse employees, and production planners should receive training in inventory control, sustainability practices and hazardous material management.

Strong governance systems would additionally support regulatory compliance because hazardous materials would be monitored more effectively throughout their operational lifecycle.
[bookmark: _Toc229685877]3. Managing Obsolete Stock
The obsolete resin inventory identified within Brocksweir Engineering Ltd represents both an economic loss and an environmental management challenge. Since the resins are classified as special waste, disposal costs have increased significantly. The organisation must therefore evaluate multiple recovery and disposal strategies while considering sustainability, financial performance, and regulatory compliance.
[bookmark: _Toc229685878]3.1 Hazardous Waste Disposal
One immediate option is disposal through licensed hazardous waste contractors. This ensures compliance with environmental legislation and minimises legal risk. However, disposal alone does not recover value from obsolete inventory and therefore represents a reactive rather than strategic solution.

The company must additionally ensure all waste disposal activities comply with environmental reporting requirements because regulatory breaches may create reputational damage and financial penalties. Consequently, disposal strategies should be integrated into broader sustainability planning rather than treated as isolated operational activities.
[bookmark: _Toc229685879]3.2 Recycling and Recovery Opportunities
A more sustainable option involves exploring recycling and recovery opportunities. Certain chemical processing firms may recover usable compounds from expired resins or convert waste into alternative industrial products. This aligns with circular economy principles because waste materials are redirected into productive use rather than landfill disposal.

According to Yang (2022), circular economy approaches improve sustainability performance while reducing long-term operational waste. For Brocksweir, recycling initiatives may additionally strengthen corporate reputation by demonstrating environmental responsibility.
[bookmark: _Toc229685880]3.3 Reverse Logistics and Circular Economy
Reverse logistics systems should be developed to support recycling, recovery, and waste management activities. Rushton, Croucher and Baker (2022) argue that effective reverse logistics systems improve sustainability performance while reducing disposal costs.

Future procurement contracts should include supplier take-back clauses and shelf-life management responsibilities. This would distribute operational risk more effectively across the supply chain while encouraging stronger supplier accountability.
[bookmark: _Toc229685881]3.4 Root Cause Analysis and Inventory KPIs
The organisation should additionally introduce inventory performance indicators such as inventory turnover ratio, stock ageing analysis, and obsolete inventory percentage. Root cause analysis suggests that the current inventory problem is linked to poor forecasting, excessive bulk purchasing and weak communication between procurement and production departments.

Regular monitoring of inventory KPIs would allow management to identify operational weaknesses earlier and implement corrective action before materials become obsolete.
[bookmark: _Toc229685882]4. Lead Time Management Across the Extended Enterprise
Lead time management is essential for improving operational efficiency, customer responsiveness, and supply chain resilience. Lead time refers to the total time required for materials and products to move through procurement, production, and delivery activities. Weak lead time visibility within Brocksweir Engineering Ltd has contributed directly to excessive stockholding and operational inefficiency.
[bookmark: _Toc229685883]4.1 Process Mapping
The organisation should conduct detailed process mapping across procurement, warehousing, and production activities. Process mapping improves visibility regarding bottlenecks, communication failures, and non-value-adding activities. Cross-functional workshops involving procurement staff, warehouse employees and production managers would support continuous improvement and operational understanding.
[bookmark: _Toc229685884]4.2 Value Stream Mapping
Value Stream Mapping is a lean management tool used to analyse material and information flows throughout production systems. Womack and Jones (2020) suggest that VSM improves inventory control and production responsiveness by identifying unnecessary waiting times and inefficient transportation activities.

Within Brocksweir’s foundry operations, VSM may reveal excessive inventory accumulation points and inefficient process flows. This would support operational improvement initiatives while strengthening sustainability performance.
[bookmark: _Toc229685885]4.3 Supplier Performance Monitoring
Supplier lead time performance should be monitored continuously because unreliable supplier performance increases operational uncertainty and inventory holding requirements. Key supplier performance indicators should therefore include delivery reliability, responsiveness, order accuracy, and quality consistency.

Supplier scorecards and regular performance reviews would strengthen accountability while supporting more informed sourcing decisions.
[bookmark: _Toc229685886]4.4 ERP and Digital Supply Chains
Digital supply chain technologies significantly improve operational visibility and responsiveness. ERP systems, barcode tracking, and digital procurement platforms allow organisations to monitor inventory movements and supplier activity in real time.

Gunasekaran et al. (2023) argue that digital supply chains improve resilience by increasing information transparency and decision-making speed. However, digital transformation projects may involve cybersecurity risks and substantial implementation costs. Therefore, Brocksweir should adopt a phased implementation strategy supported by employee training and strong governance systems.
[bookmark: _Toc229685887]4.5 Risk Management and Supply Chain Resilience
Risk management should form a major component of Brocksweir’s lead time strategy. Modern supply chains face disruption from geopolitical instability, transportation delays, labour shortages, and raw material shortages. Consequently, the organisation should diversify critical suppliers and develop contingency plans for supply interruptions.

According to Ivanov (2021), resilient supply chains maintain operational continuity more effectively during periods of disruption. Therefore, Brocksweir should balance operational efficiency with strategic resilience rather than focusing exclusively on cost reduction.
[bookmark: _Toc229685888]5. Conclusion
Brocksweir Engineering Ltd faces significant operational and environmental challenges resulting from weak inventory management systems and poor lead time visibility. The accumulation of obsolete resin inventory demonstrates the financial and sustainability consequences associated with ineffective inventory governance.

This report has demonstrated that inventory performance can be improved through ERP systems, EOQ analysis, ABC inventory classification, Vendor Managed Inventory systems and lean manufacturing principles. Sustainability-focused procurement practices, reverse logistics systems and stronger lead time management would additionally strengthen organisational resilience and environmental compliance performance.

Sustainable operations management requires balancing operational efficiency, environmental responsibility, and financial performance. By adopting a more strategic and data-driven approach to inventory management, Brocksweir Engineering Ltd can improve competitiveness while supporting long-term sustainable growth.
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Figure 1: Key inventory management techniques recommended for Brocksweir Engineering Ltd including EOQ, ABC analysis, FIFO systems, ERP integration and Vendor Managed Inventory.

The appendix demonstrates how multiple inventory management techniques may be integrated simultaneously within engineering environments. Rather than relying upon a single inventory control method, Brocksweir Engineering Ltd should adopt a hybrid inventory strategy balancing cost efficiency, sustainability and operational resilience.

[bookmark: _Toc229685891]Appendix B: Lead Time Flow Diagram
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Figure 2: Simplified supply chain lead time flow across procurement, warehousing, production and customer delivery processes.

The lead time flow diagram highlights the importance of visibility across the extended enterprise network. Delays occurring at suppliers, warehousing or production stages may significantly affect operational responsiveness and customer service performance.

[bookmark: _Toc229685892]Appendix C: Sustainability Risk Considerations
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Figure 3: Sustainability and operational risk categories affecting inventory management performance.

This appendix highlights the interconnected nature of operational, environmental, financial and supply chain risks. Effective inventory management requires balancing these risks rather than focusing exclusively on short-term cost reduction objectives.
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