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Brocksweir Engineering Ltd is a manufacturing company with a long history. While the current business has existed for over 50 years, there has been a foundry on the site for over 250 years. Today, the company employs 250 people and makes products in three main areas: castings, fabrications, and machined parts. Under the current managing director, the company has seen strong growth, especially in its modern Computer Numerically Controlled (CNC) machining workshops.
However, this growth has revealed major problems in the sand foundry operations. The company recently found that £20,000 worth of sand-binding resins have expired. Because these resins have short shelf lives and are now classified as "special waste," the company faces huge disposal bills. Furthermore, the foundry sand itself is now classed as special waste, causing disposal costs to triple. The managing director admitted that the company does not have a real inventory management system.
To fix these problems, the company is creating a new Purchasing and Supply Chain Manager position. This report was produced to assist the new manager. It answers three main questions: how to better manage sand and resin inventory, how to deal with the obsolete stock, and how to understand lead times across the whole business network.


[bookmark: _Toc229052393]2. Problem 1: Expired Chemical Inventory and Moisture Control
The core reason Brocksweir Engineering lost £20,000 in expired resins is that an outdated purchasing strategy was used. The company bought sand and binding resins in large bulk quantities to save money. However, they failed to account for the fact that phenolic and furan-based resins are highly sensitive chemicals with short shelf lives (Hussein et al., 2013). When bulk savings are wiped out by expired stock and high drying costs, a new inventory system is required.
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2.1 Solution 1: Moving Beyond Standard Economic Order Quantity (EOQ)
The Economic Order Quantity (EOQ) is a classic formula used by supply chain managers to find the perfect order size. The goal of EOQ is to find the lowest total cost by balancing the cost of placing an order with the cost of holding the stock in the warehouse (Mauidzoh et al., 2023).
However, the standard EOQ model assumes that products can sit on a shelf forever without going bad. This does not work for Brocksweir. Phenolic and furan resins degrade quickly depending on temperature and humidity, which causes hydrolysis and microstructural degradation, ultimately ruining their ability to bind foundry sand properly (Major-Gabrys et al., 2024; Holt et al., 2020).
Therefore, Brocksweir must use a Perishable EOQ Model. Recent research in the European Journal of Operational Research shows that when dealing with items that have a fixed shelf life, the EOQ formula must be changed to include "outdating costs" (Muriana, 2016). This means the math includes the financial risk of the resin expiring. By using a Perishable EOQ model, Brocksweir will naturally order smaller, more frequent batches. This prevents the build-up of dead stock and ensures the resins are always fresh for the casting process.

[bookmark: _Toc229052395]2.2 Solution 2: Establishing a Min-Max Inventory System
To support the new EOQ calculations, the company must set up a Min-Max inventory system. This is a simple but highly effective way to control stock on the factory floor while buffering against supply chain uncertainties (Mauidzoh et al., 2023).
· Minimum Level: This is the trigger point. When the resin or sand stock drops to this level, a new order is placed automatically. The minimum level is calculated by looking at how much resin the foundry uses every day and how long it takes for the supplier to deliver a new batch. It also includes a small "safety stock" to prevent the foundry from running out (Mauidzoh et al., 2023).
· Maximum Level: This is the absolute highest amount of stock the company is allowed to hold. For Brocksweir, the maximum level must be strictly tied to the shelf life of the resins. They must never hold more stock than they can use before the expiration date.

[bookmark: _Toc229052396]2.3 Solution 3: Vendor Managed Inventory (VMI) for Chemical Resins
Because managing hazardous, short-shelf-life chemicals is difficult, Brocksweir should build a Vendor Managed Inventory (VMI) partnership with their resin supplier.
In a normal business, the buyer decides when to order more stock. In a VMI system, the supplier takes control of the buyer's inventory, often supported by integrated digital tracking to lower environmental impacts and material waste (Becerra et al., 2022). Brocksweir would share its daily resin usage data with the chemical supplier. The supplier monitors this data and automatically sends new resin only when it is needed.
This strategy is excellent for foundries. The chemical supplier understands exactly how their phenolic and furan resins behave and expire. By letting the supplier manage the stock levels, Brocksweir shifts the risk of obsolete stock back to the vendor. This creates a Just-In-Time (JIT) flow of materials, meaning resins arrive right before they are needed. Academic meta-analyses confirm that integrating JIT principles within a lean manufacturing framework directly contributes to reducing materials, components, and chemical emissions (Leite et al., 2022).
[bookmark: _Toc229052397]Table 2-1 - Inventory Management Methods Proposed for Brocksweir
	Inventory Method
	How It Works
	Why Brocksweir Needs It

	Perishable EOQ
	Calculates order sizes while factoring in the cost of goods expiring.
	Prevents buying too much resin just to get a bulk discount.

	Min-Max System
	Sets strict low and high limits for stock levels in the warehouse.
	Simple for staff to use; stops the £20,000 overstocking mistake from happening again.

	Vendor Managed Inventory (VMI)
	The chemical supplier monitors Brocksweir's stock and refills it automatically.
	Shifts the burden of managing complex, expiring chemicals to the experts.
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The case study mentions that the money saved by buying bulk sand was completely lost because the company had to spend extra money drying the sand. When foundries store massive piles of bulk sand, it absorbs moisture from the air and rain. Wet sand is heavy, hard to move, and clumps together.
Most importantly, if the sand has too much moisture, the chemical resins cannot bind the sand grains together properly to make strong molds. To fix this, foundries have to put the sand into thermal drying furnaces. Sand-handling processes already account for up to 10% of a foundry's total energy use, and excessive thermal drying significantly inflates operational costs and greenhouse gas emissions (Hottle et al., 2020).
By using tighter inventory controls and ordering smaller amounts of sand more often, Brocksweir can avoid leaving huge piles of sand sitting outside, mitigating natural moisture absorption.
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Brocksweir Engineering Ltd is facing a major environmental and financial crisis. They have £20,000 worth of expired sand-binding resins, and the foundry sand itself is now classed as special waste. Disposal costs have tripled. The company must find safe, legal, and cost-effective ways to deal with this waste.

[bookmark: _Toc229052400]3.1 Context: The Danger of Phenolic and Furan Resins
To understand how to dispose of the stock, it must first be understood why it is classified as special waste. The resins used at Brocksweir are phenolic and furan-based. These are complex chemical polymers used to make the sand stick together.
When these resins are exposed to the extreme heat of molten metal during casting, they release toxic gases. Furthermore, the expired liquid resins contain harmful chemicals that can leak into the ground and pollute water supplies if they are thrown into a normal landfill (Mbohwa, 2010; Holt et al., 2020). According to the UK Environment Agency, any waste containing high levels of these chemicals is considered hazardous and must be handled under strict laws (Environment Agency, 2021).
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The £20,000 of expired resin cannot be saved or used for casting, as it will ruin the metal parts. Because it is hazardous, Brocksweir has two main legal options for immediate disposal:
1. Physico-Chemical Treatment: The company must hire a licensed hazardous waste carrier to take the resins to a special treatment plant. Here, scientists use other chemicals to neutralize the toxic parts of the resin so it is safe to throw away (Environment Agency, 2024).
2. High-Temperature Incineration: The expired resins can be sent to an industrial incinerator. The extremely high heat completely breaks down the harmful chemical bonds. Recent UK government impact assessments regarding Persistent Organic Pollutants (POPs) highlight that strict compliance measures are required for waste containing hazardous chemicals, making compliant thermal destruction a necessity (UK Government, 2025).
[bookmark: _Toc229052402]3.3 Solution 2: Long-Term Sand Reclamation
While the expired resin is a one-time loss, the tripled cost of disposing of the foundry sand is a daily problem that will destroy the company's profits. After sand is used to make a casting, it gets covered in burnt carbon and leftover chemical resins. This is called Spent Foundry Sand (SFS) (Bhardwaj and Kumar, 2024).
To stop paying special waste landfill taxes, Brocksweir must invest in a Sand Reclamation system. Sand reclamation is a process that cleans the used sand so it can be used again and again. This helps the environment and saves massive amounts of money because the company no longer has to buy fresh virgin sand or pay for landfill disposal (Nyembwe et al., 2022).
There are three main types of sand reclamation:
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	Reclamation Type
	How It Works
	Is it Good for Brocksweir?

	Mechanical (Dry) Reclamation
	Uses machines to crush and scrub the sand grains against each other. This physical force knocks the brittle resin off the sand.
	Poor: Mechanical scrubbing generates high volumes of fine dust particles, negatively impacting human health, and does not fully clean toxic organic chemicals off the sand (Nyembwe et al., 2022).

	Wet Reclamation
	Washes the sand with water to remove the binders.
	Poor: While it cleans the sand well, it creates highly toxic wastewater. This wastewater is very expensive to treat and causes new environmental problems.

	Thermal Reclamation
	Puts the used sand into a very hot furnace (up to 800°C). The heat literally burns all the organic phenolic and furan resins away, leaving perfectly clean sand.
	Excellent: This is the best solution for Brocksweir. Because the foundry uses chemically bonded sand, thermal reclamation is required to burn off the chemicals. The cleaned sand is as good as new virgin sand.



Although a Thermal Sand Reclamation plant uses energy to run, research confirms that thermal reclamation lowers life cycle environmental impacts—including greenhouse gas emissions and human health indicators—due to the massive reduction in transportation required for virgin sand sourcing and landfill disposal (Hottle et al., 2020; Nyembwe et al., 2022).
[bookmark: _Toc229052404]3.4 Solution 3: The Circular Economy and Composting
If Brocksweir has some sand that cannot be reclaimed, they should look into the "circular economy." The European Union recently updated its Best Available Techniques (BAT) guidelines for 2025. These new rules strongly suggest that foundries should try composting their organic spent sands (D'Angelo et al., 2025).
Because phenolic and furan resins are organic (carbon-based), natural biological processes in a composting facility can slowly break down the toxic residues. Once the chemicals are broken down, the sand becomes safe and can be used for agricultural soil stabilization or sold to construction companies to make concrete (D'Angelo et al., 2025; Bhardwaj and Kumar, 2024).
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The final task for the new Purchasing and Supply Chain Manager is to get a better understanding of lead times across the business.
Lead time is simply the total amount of time it takes to complete a process, from the very beginning to the very end. In a foundry, many managers only measure the time it takes to melt the metal and pour the casting. However, to survive fierce competition from the Far East, Brocksweir must look much wider. They must measure lead time across their "extended enterprise."
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The "extended enterprise" is a modern business concept emphasizing that a company does not exist alone inside its own factory walls. Instead, the company is deeply connected to a network of suppliers (upstream) and customers (downstream), forming a collaborative architecture where operations are interdependent (Bititci et al., 2005).
If Brocksweir's resin supplier is late delivering chemicals, the foundry stops working. If the transport company is late delivering the finished CNC-machined parts, the customer is unhappy. Therefore, the extended enterprise includes everyone involved in the product's journey.
To manage this, Brocksweir needs to break the lead time down into different parts:
· Material Lead Time: How many days does it take for the supplier to deliver sand, metal, and resins after Brocksweir places an order?
· Order Processing Lead Time: How long does it take for the office staff to receive a customer order, do the paperwork, and send the instructions to the factory floor?
· Production Lead Time: How long does it actually take to make the mold, pour the metal, let it cool, shake off the sand, machine the part in the CNC workshop, and check it for quality?
· Delivery Lead Time: How long does it take the trucks to drive the finished fabrications to the customer's location?
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To get a better understanding of these lead times, the company should start using the Supply Chain Operations Reference (SCOR) model. The SCOR model is a globally recognized standard used by supply chain managers to measure and improve performance (ASCM, 2024).
The SCOR model breaks the supply chain into standard processes (ASCM, 2024):
1. Plan: Figuring out what materials are needed and balancing the foundry's resources.
2. Source: Buying the sand, metal, and resin. (This is where VMI will help).
3. Make: The actual casting and machining processes.
4. Deliver: Packing and shipping the goods to the customer.
5. Return: Handling any broken or rejected castings.
6. Enable: Managing the rules, safety data, and environmental compliance for hazardous wastes.
By using the SCOR model, the new manager can measure exactly how many days each step takes. The model uses standard metrics for reliability and responsiveness, allowing Brocksweir to benchmark its speed and costs against other successful manufacturing companies around the world.

[bookmark: _Toc229052408]4.3 Solution 2: Value Stream Mapping (VSM)
The second measure the company should take is to draw an Extended Value Stream Map. Value Stream Mapping is a tool from Lean Manufacturing. It is a visual diagram that tracks the path of all essential parts that go into delivering a product, identifying the physical timelines and information flows across the supply system (Shook, 2024; Leite et al., 2022).
The goal of VSM is to find "waste" in the timeline. In manufacturing, waste often means waiting time. By mapping the extended enterprise, the company will see all the gaps, delays, and demand amplifications between the suppliers, the foundry, and the customers. Once these delays are visible on paper, the manager can elevate the discussion to consider system-wide goals, changing schedules so that materials flow smoothly without stopping (Shook, 2024). This drastically shortens the total lead time, making the business faster and more competitive against overseas rivals.
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Brocksweir Engineering Ltd has excellent potential, proven by the strong growth in its CNC-machined parts sector. However, the company is currently losing money and facing environmental risks because it is using old-fashioned inventory methods in its sand foundry.
To bring the business forward into the 21st century, the new Purchasing and Supply Chain Manager must take immediate, strategic action. First, the company must stop buying chemicals in bulk. By using a Perishable EOQ model and a Vendor Managed Inventory (VMI) system, Brocksweir can let its suppliers manage the flow of resins. This will guarantee that the chemicals never expire on the shelf, saving the company £20,000 in obsolete stock losses.
Second, the company must safely dispose of the current expired resin using legal chemical treatment or incineration. Moving forward, the only way to stop the massive special waste landfill taxes is to buy a Thermal Sand Reclamation system. This machine will burn the toxic resins away, allowing the foundry to reuse its sand endlessly in a sustainable, eco-friendly loop.
Finally, to beat international competition, Brocksweir must become faster. By using the SCOR model and Value Stream Mapping, the company can measure the lead times across its entire extended enterprise. By finding and removing the hidden delays between suppliers, the factory, and customers, Brocksweir will build a highly efficient, sustainable, and profitable supply chain.
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