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[bookmark: _Toc227539886]Introduction
Brocksweir Engineering Ltd is a well-established manufacturing firm with a history of foundry dating back to more than 250 years and operating at the moment with a span of 50 years. The company has a critical operational challenge that involves employing 250 people in the three business units namely castings, fabrications and machined parts. The sand foundry that employs phenolic and furan-based resins to hold sand moulds prior to the casting process has accrued stock value of about £20,000 expired resin. This has been because of bulk buying and there is no formal inventory control system. At the same time, foundry sand is now considered special waste, making it over three times more expensive to dispose of. This report critically assesses the way in which inventory can be managed more effectively, evaluates what can be done with a stock which is out of date, and how the understanding of lead time can be enhanced in the business and in the extended business.
[bookmark: _Toc227539887]

Question 1: Critically Evaluating Better Sand and Resin Inventory Management
[bookmark: _Toc227539888]Current Situation
The firm does not have an official inventory control program at the moment. The sand binding resins were ordered in high volumes without considering their shelf life leaving behind 20,000 of the expired resin. All resins employed are special waste, especially phenolic and furan based, such that they become costly waste when expired, and the expense of their disposal is legally obligated. Also, the savings on the purchases of bulk sand have been counterbalanced by the additional expenses on drying out sand that had been stored longer than anticipated. It has hired three additional die-casters to address higher demand of sand casting but without proper inventory management, the increase will go on generating waste and ineffectiveness.
[bookmark: _Toc227539889]Economic Order Quantity (EOQ)
Economic order quantity (EOQ) is a mathematical model that can estimate the optimal order quantity and result in minimal costs of ordering and inventory holding. In the case of Brocksweir, using EOQ on the sand and resins would solve over-ordering issue directly. The EOQ formula is Q* = √(2DS/H), where D is annual demand, S is ordering cost per order, and H is annual holding cost per unit (Alnahhal et al., 2024). In cases of phenolic and furan resin where the shelf life is short, holding costs should reflect the risk of an expiry and disposal. So, to take some typical examples; when the annual resin demand is, say, £X then the holding cost should include not only storage but also the higher special waste disposal rate; which has increased more than threefold; in addition to ordering cost. The computations of EOQ will result in the company receiving smaller and more frequent amounts of materials that are supposed to be in line with actual consumption rates instead of purchasing large amounts that cause obsolete material.
It is a traditional operations management method which is directly related to the theory-practice gap as witnessed at Brocksweir. Practically, EOQ makes sure value of resins ordered is in line with its shelf life and rate of consumption. This will eliminate the scenario whereby there is a large percentage of stock that goes to waste before it is consumed as discovered during the stores audit.
[bookmark: _Toc227539890]Vendor Managed Inventory (VMI)
Vendor Managed Inventory (VMI) is a mutual agreement in which the supplier monitors the inventory level and makes responsibility decisions to replenish (Van, 2022). It is particularly applicable in the case of the resin procured by Brocksweir. In a VMI system, the resin supplier would have viewed the consumption data of Brocksweir and would replenish the stock just in time, making sure that it is fresh and chances of expiry are diminished. Phenolic, furan resins are also dangerous and costly to recycle and therefore, the supplier has a direct interest in only supplying the required quantity in the right time.
VMI also coincides with the idea of extended enterprise responsibility, where the sharing of risk and information across the supply chain takes place and is not limited to the buyer. This would help to lessen the load on internal store managers in the case of Brocksweir since according to the audit; the internal store managers could not see any shelf-life data. The supplier is in a better position to deal with these risks as he is closer to the technical characteristics of the product.
[bookmark: _Toc227539891]Minimum and Maximum Inventory Levels with FEFO Rotation
Minimal and maximal level of stock system provides clear limits of replenishment. The minimum level is the stock that will be considered as safety stock and the reorder should be triggered once such stock is reached and the maximum level limits the amount that can be held at any point. In the case of short shelf-life resins, the maximum level should be calculated to make sure that stock is used up before it goes bad. This has a direct connection to the First Expired, First Out (FEFO) principle (Safitri & Hutabarat, 2025), by which the stock that is nearest to expiry must be consumed first, followed by more recent stock. At Brocksweir, with FEFO in place, the £20,000 of expired resins would probably have been discovered and consumed prior to the disposal limit.




Table 1: Inventory Management Recommendations for Brocksweir
	Issue Identified
	Recommended Technique
	Expected Benefit

	Foundry Sand
	EOQ + Min/Max Stock Levels
	Less holding and drying cost

	Phenolic/Furan Resins
	VMI + Shelf-Life Tracking (FEFO)
	Elimination of waste disposal costs

	Visibility Lead Time Visibility
	Complete Lead Time Mapping
	Less delay and improved planning



To conclude, EOQ, VMI and min/max level control with FEFO rotation offers a complete and viable inventory management system to Brocksweir. When these techniques are combined, waste reduction, decreased disposal costs and purchasing in line with actual operational demand are achieved.
[bookmark: _Toc227539892]

Question 2: Critically Analysing Options for Dealing with Obsolete Stock
[bookmark: _Toc227539893]Current Situation
The stores audit has identified approximately £20,000 of resins with expired shelf lives. These are phenolic and furan chemicals, which are now considered as special waste. The price of disposal of such materials has increased over three times because of the changes in rules concerning foundry sand also being reclassified. This implies that Brocksweir will now have a large and inevitable disposal cost in addition to the initial purchase cost. The alternatives to managing this outdated inventory should have a financial and a sustainability analysis.
[bookmark: _Toc227539894]Alternative 1: Approved Hazardous Waste Disposal
The simplest alternative is to hire a licensed contractor to remove the out-of-date resins following the special waste. This is legally acceptable but the most expensive alternative due to the tripled disposal rates. This is a write-off approach where the problem is not created in terms of value using the materials. In terms of sustainability, burning or landfill of hazardous chemicals have high environmental footprint which does not harmonize with the goal of the company to operate responsibly in the 21st century (Vaverková, 2019). 
[bookmark: _Toc227539895]Alternative 2: Supplier Take-Back and Supplier Return Schemes
A more viable and cost-effective alternative is to discuss with the suppliers of the resin a take-back arrangement. Following the principles of the circular economy, suppliers have an opportunity to receive returned materials either to be re-processed, re-blended or disposed in some controlled ways using their own licensed facilities (Maguire & Robson, 2023). This minimizes the direct disposal cost incurred by Brocksweir and is in line with the Extended Producer Responsibility principle wherein manufacturers and suppliers of the product share the end-of-life material management. This variant must be considered as soon as possible with the help of the newly hired Purchasing and Supply Chain Manager, whose responsibilities directly include supplier relationship management.
[bookmark: _Toc227539896]Alternative 3: Reuse by Blending
Two of the seven wastes according to Lean Waste Reduction Theory include overproduction and excess inventory (Hartanti et al., 2022). In line with this, should some of the expired resins have slightly passed their shelf life, technical inspection conducted by competent foundry chemists can be used to ensure that controlled blending into active batches with reduced concentrations can be carried out. This would lessen the volume to be disposed. This practice, however, should be approached with utmost care due to the health, safety and quality repercussions of using an off-specification binders. Only resins, which are stable under prescribed technical constraints, are feasible.
[bookmark: _Toc227539897]Alternative 4: Financial write-off and Redesign Processes
The £20,000 represents a sunk cost. The most valuable of them may be simply to write it off and make it a driving force of a systemic change. The kaizen or continuous improvement principle of lean indicates that any issue can be a learning opportunity. The inventory failure that caused this situation should be officially recorded, analysed of root cause and employed to support investment in the new inventory management system. Presenting this cost to senior management as a case for change creates the business case for implementing EOQ, VMI, and FEFO policies going forward.
Table 2: Obsolete Stock Disposal Options: Comparative Analysis
	Disposal Alternative
	Explanation
	Cost Effectiveness
	Sustainability Score

	Certified Hazardous Waste Disposal
	Contract specialist contractor to off-site regulations on special waste in the United Kingdom
	High (tripled disposal costs)
	Low - landfill/incineration

	Supplier Return / Take-Back Scheme
	Discuss with resin suppliers to reimburse unused, expired inventory
	Low to Medium
	Medium - circular approach

	Partial Reuse / Blending
	Melt near-expired resins into existing batches with a controlled ratio
	Low - Medium
	Medium - decreases volume

	Write-Off and Process Redesign
	Accept the loss of £20,000, and redesign procurement to avoid future loss
	One-time loss
	High - systemic fix



The recommended solution would be the combination of supplier negotiation take-back, controlled reuse where it is technically safe and licensed disposal of the remaining. The write-off of the £20,000 as a write-off should be recorded and used as a catalyst to the operational improvement as mentioned in Question 1.
[bookmark: _Toc227539898]Question 3: Interventions to Enhance Lead Time Knowledge throughout the Business and Extended Enterprise
[bookmark: _Toc227539899]Total Lead Time
The direct sum of the time taken in receiving and making an order available to use, or the time taken in initiating a process to the time it becomes available to be used is known as total lead time. It involves supplier lead-time, transportation time, goods-in processing, inspection, and in-house handling. There is no inventory management system at the Brocksweir site, in that the lead times have never been explicitly tracked, a direct cause of the bulk-ordering problem - without the knowledge of the lead times, procurement has fallen back to huge safety stocks.
[bookmark: _Toc227539900]Supply Chain Mapping
The initial step that Brocksweir needs is to map out all supply chains that it has. Supply Chain Mapping involves creating some form of a graphical representation of all the material and information movement of the suppliers of the raw materials until the final consumer (MacCarthy et al., 2022). This will involve a mapping of the movement of the sand, phenolic resins, furan resins and metals among other consumables, that will flow off each supplier to the point of use on the foundry floor. When the time of each stage is measured, recorded and analysed, it is done after the stage has been mapped. This immediately denotes the presence of bottlenecks and in these areas there is maximum uncertainty in the lead time.
[bookmark: _Toc227539901]Value stream mapping (VSM)
Value Stream Mapping (VSM) is a lean management technique which illustrates the process of transformation of materials and information necessary to deliver a product to a customer to determine the value-adding and non-value-adding processes (Muniyappa et al., 2014). Applicability of the VSM to sand casting process at Brocksweir would demonstrate where the time is actually become a waste, in waiting to have resin (this was already determined as a cost driver), sand drying (already a cost driver) preparation of the mould or the actual casting process. VSM would also highlight the information flow failures that resulted to over-ordering of resins since it records communication failures between the purchasing, stores and production.
In practice as an activity at Brocksweir, VSM would require a walk around the production floor using a stopwatch to record all the steps of the process and any delays, queue time and rework loops. The resultant current-state map provides the starting point of where improvements are to be measured. A representation of the target process is then created based on a future-state map, which is created based on the reductions in the lead times.
[bookmark: _Toc227539902]Supplier Lead Time Contracts and Tracking
In the case of the long-distance business, Brocksweir has to enter into an agreement with the lead time with all the major suppliers. The new Purchasing and Supply Chain Manager should negotiate the agreements on the Service Level Agreements (SLAs) on the longest delivery lead times of the essential materials like sand, phenolic resins and furan resins. These SLAs should be able to deal with variability in lead time because it is not average lead time that is forcing the firms to hold excessively large safety stocks, but variability. A basic Key Performance Indicator (KPI) dashboard of tracking performance, based on whether the suppliers deliver their goods on time, will create accountability and provide data to be applied where calculating reorder points are concerned.
[bookmark: _Toc227539903]Computation of Reorder point using Lead Time Data
After tracking lead times, the company is able to determine the correct reorder points. ROP equation looks as follows: ROP= (ADU times Lead time in Days)/Average Daily Usage A) + Safety Stock. This formula will also be restricted in resin products that do not have a long shelf life whereby the maximum inventory in stock must be utilized before the shelf life expires. Combining ROP with the EOQ of Question 1 allows the company to have a full-fledged data-driven replenishment system that will do away with the guesswork that saw the company lose the £20,000 worth of inventory.
[bookmark: _Toc227539904]ERP System Implementation
Enterprise Resource Planning (ERP) system should be considered by Brocksweir to cope with longer lead times. ERP systems amalgamate purchasing, stores, production planning and finance within a single set of data. This means that once resin is delivered to a store the system also changes the inventory levels, calculations of the remaining shelf life is made and a notification sent to the purchasing department about a re-order. Implementation of ERP is a huge investment but aligns with the mission of the managing director to move the business into the 21st Century (Hasan, 2018), and is the norm in the modern manufacturing operations of the size that Brocksweir is.
[bookmark: _Toc227539905]

Conclusion and Recommendations
Brocksweir Engineering Ltd is an engineering firm that is capable of delivering products and services; however, a lack of basic inventory management discipline is crippling the firm. That the 20000 stock of expired resin has already expired, the increasing cost of disposing of sand, and that lead time cannot be viewed at all are all fallouts of the same system failure. With EOQ, VMI, and min/max controls and FEFO rotation, the company will be able to do away with wasteful purchasing in bulk. The obsolete inventory will have to be disposed in a single huge bundle of supplier recall, reuse under control and licensed disposal since the financial loss will be included as the foundation to support systemic reform. The lead time management process should start with the mapping of the supply chain and VSM, then to formalised supplier SLAs and finally be facilitated by an ERP system. The addition of a Purchasing and Supply Chain Manager is a highly profitable step, and must be accompanied with tools, data and power to implement these modifications.
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