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[bookmark: _Toc23211][bookmark: _GoBack]1. INTRODUCTION
[bookmark: _Toc17467]Brocksweir Engineering Ltd operate from a site that has been home to foundry activity for over 250 years, a rare continuity of industrial heritage. This current business, Brocksweir and Sons Ltd, has been in existence for over 50 years and is now run by the son of the founder who took over the role of managing director 10 years ago. He said he wants to re-position the business for long term competitiveness in the twenty first century while navigating increasing global competition and tightening environmental regulation.

The organisation has a workforce of some 250 people and serves three major product markets: castings, fabrications and machined parts. We carry out all casting operations in-house, employing gravity die casting, high pressure die casting and sand casting techniques, primarily in aluminium alloys, but also in smaller volumes of ferrous and non ferrous metals. Machining is performed on conventional lathes and sophisticated CNC equipment and fabrication work is performed on site with installation at customer premises. In particular, the machining division has seen substantial growth over the last 18 months, indicative of a strategic shift to higher value manufacturing.
But serious weaknesses have emerged in the sand casting operation. Regulatory changes have designated foundry sand and its associated binding resins as special waste, tripling disposal costs. An internal audit has also discovered some £20k worth of expired phenolic and furan based resins that now need to be disposed of at great expense. These results highlight the lack of formal inventory controls and emphasise the environmental, financial and operational implications of unsustainable inventory management practices.

This is a strategic opportunity to hire a Purchasing and Supply Chain Manager to address these deficiencies. The assignment critically assesses the ways in which sand and resin inventory management can be improved at Brocksweir, critically analyses options for dealing with obsolete stock and describes the measures needed to gain a robust understanding of lead time across the organisation and its extended enterprise within the context of sustainable operations management.
2. A Critical Review of How to Better Manage Sand and Resin Inventory
2.1 Critical Review of Current Practice
[bookmark: _Toc22380]The evidence from the case points to the fact that Brocksweir’s inventory management practices have been informal, decentralised and historically driven by unit cost considerations rather than total system performance. The lack of a “real inventory management system” leads to limited data visibility, weak accountability and poor alignment between purchasing, production and stores functions.

From a sustainable operations perspective this approach is inherently inefficient. Excess inventory increases the amount of working capital required, energy consumption (for example, sand drying) and environmental risk when materials expire or degrade. Slack et al (2022) state that poor inventory control can often incur hidden costs which are far greater than any savings that can be obtained from bulk buying. This is clearly demonstrated in the case of Brocksweir with expired resins and rising disposal charges.

2.2 Economic Order Quantity (EOQ) and Total Cost Mindset
[bookmark: _Toc18560]The Economic Order Quantity (EOQ) is a relevant tool, if critically used and adapted to sustainability goals. EOQ tries to balance the costs of ordering and holding inventory to minimise the total inventory cost (Heizer, Render and Munson, 2020). Traditional EOQ models are concerned with financial efficiency, but they can be expanded to include environmental and regulatory costs.

At Brocksweir the costs of holding sand and binding resins are particularly high because:

· Chemical instability and short shelf-life 
· Hazardous and environmental storage compliance.
· Risk of obsolescence and disposal as hazardous waste
· Capital tied up in non-productive stock
[image: ]
A convex total cost curve is the outcome of a trade-off between inventory ordering and holding costs, as seen in Figure 1. The appropriate quantity where the ordering and holding cost curves cross and where the total cost curve's slope equals zero is known as the optimal order quantity, or Q. 
The theoretical inventory order system under the EOQ paradigm is shown in Figure 2. After an order is placed, an order of the economic order quantity Q is received right away, and Q is sold at a steady demand rate. Only when the inventory level falls to the reorder point will a new order be placed. In this instance, when the lead time is zero, the reorder point equals zero. 
There won't be any demand shortages because orders arrive instantly. With the established order quantity Q, this inventory order cycle proceeds.
[image: ]

The periodic review method is one of the most popular replenishment systems. 
Periodic review shows that order decisions may be made at the start of each month and that inventory status can be monitored on a frequent basis. The EOQ model's periodic review inventory order system is shown in Figure 3. Time is split equally among reorder points when the number of decision periods is fixed. Economics order quantities 
In order to raise the inventory level to the optimal level, Q are positioned at each reorder point, with the ordering frequency matching the optimal solution under the EOQ model. 
Two order systems under the periodic review system were created for this investigation. One is the Zero Only order system, which only allows orders to be placed at the start of decision periods when inventory levels equal zero. The other is the Unrestricted order system, which allows orders of any quantity to be placed at the start of each decision period. The fixed solution to the finite horizon EOQ model in our experiment that corresponds to the infinite horizon will be covered in the following section.

When these factors are considered EOQ analysis would tend to favour smaller, more frequent orders rather than bulk purchasing. However, the EOQ should not be applied mechanically. Demand variability, production scheduling constraints and supplier capacity need also to be taken into consideration. This further highlights the need for managerial judgement in addition to quantitative models.





2.3 Minimum and Maximum Stock Level
[bookmark: _Toc12098]A significant improvement in governance would be the implementation of well defined minimum and maximum inventory levels. Minimum levels ensure production continues while maximum levels control the amount of inventory to prevent overstocking and waste (Waters, 2019).
For short shelf life resins maximum stock levels should be closely related to:

· Forecast consumption rates
· shelf life limitations 
· Supplier lead times and reliability 
· Exposure to environmental risks

Exceeding maximum levels requires formal approval from the Purchasing and Supply Chain Manager, embedding accountability and reinforcing sustainable decision making.



2.4 Vendor Managed Inventory (VMI)

Vendor Managed Inventory (VMI) is a more advanced and collaborative way to manage inventory. In VMI arrangements, the supplier is responsible for monitoring and replenishing according to the actual consumption and generally remains the owner until the goods are consumed (Christopher, 2016).

From a sustainability perspective, VMI has several advantages:

• Lowered inventory ownership and carrying costs
 • Decreased risk of material expiry and hazardous disposal 
• Better demand and supply alignment 
• Shared responsibility for the environment across the supply chain


But VMI relies on trust, transparency and reliable consumption data. Clear service level agreements and performance metrics are important for managing supply risk, especially given the operational criticality of resins in sand casting.




2.5 First In, First Out (FIFO) Discipline and Shelf Life Management

The existence of such expired resin stock strongly suggests that First In, First Out (FIFO) principles are either absent or poorly enforced. FIFO is a fundamental element of effective inventory management for time sensitive or degradable materials and is widely recognised (Bowersox et al., 2020).

Brocksweir needs to implement:

• Mandatory FIFO storage layouts 
• Clearly stated delivery and expiry dates 
• Regular cycle counts 
• Material expiry notifications

From a sustainability angle, FIFO drives down waste, increases resource efficiency and helps meet regulatory obligations.

2.6 Digital Inventory and ERP Systems

Given the complexity of Brocksweir’s operations, it is no longer possible to rely on informal or manual systems. An integrated Enterprise Resource Planning (ERP) system would offer real time visibility of inventory levels, automate reorder points and support data driven decisions across purchasing, production and stores. According to Monczka et al. (2020), digital integration is a major enabler for supply chain transparency and continuous improvement.


















3. Critical analysis of options for dealing with obsolete stock 

3.1 Disposal as a compliance requirement

The most practical means of managing expired resins is disposal by licensed hazardous waste contractors. This is an inevitable option for non-reusable and non-reprocessable materials under the current regulatory regime. However, disposal is a complete loss of material and financial value, and is inconsistent with sustainable operations, which prioritise waste avoidance and minimisation (DEFRA, 2023). 

[image: ]
Fig.4 Recycling Requirements and Design for Environmental Compliance

Pivoting from a linear economy based on “take, make, dispose” material flow chain (left) that depletes finite raw materials and creates products that end up in landfills, to a regenerative circular economy (on the right). Here, products are designed to circulate with high quality in the production system, without entering the environment
Considerable energy consumption in standby mode, which accounts for 5–10% of all residential electricity used in the majority of developed nations; complex systems, in particular, are usually notmadeforrecycling. 
It is obvious that a tectonic shift toward a circular economy that is resource-efficient and eventually regenerative is required in place of the widespread disposable consumerism. By reusing or recycling products, we can transition from a linear "take, make, dispose" material flow (Fig. 4 left) to a circular economy framework (Fig. 4 on the right). This will enable the deployed raw materials to be completely reintegrated into the manufacturing process when their "usefullife"haspassed. 
The study of feedback-rich, nonlinear systems—especially biological systems—is the foundation of the circular notion. It takes into account that our products should function like living things, processing "nutrients" that can be reintroduced into the biological or technical cycle. 
Legislators recognise the necessity of addressing these problems. Closed Substance 
In order to further the circular economy paradigm, most European nations have passed Cycle Waste Management Acts. The Waste Framework Directive of the European Union, which establishes a five-step waste hierarchy, defines essential words linked to trash, and includes important provisions for national waste disposal laws, serves as the foundation for this legal framework. This law aims to ensure that garbage is disposed of in an environmentally responsible manner and to further the circular economy as a means of conserving natural resources. 
"Products should be designed so that none, or a minimum of, waste is produced during their manufacture and operation, and that any waste generated at the end of their useful life is recycled or disposed of with minimum impact on the environment," according to Section 3 of the German Closed Substance Cycle Waste Management Act, which is titled "Product Stewardship."

Disposal must be seen as a remedy for systemic failure not as an acceptable routine outcome, even if it's a necessary one in the short term.

3.2 Supplier Take Back and Reverse Logistics 

An alternative approach is to negotiate take back agreements with resin suppliers. Reverse logistics initiatives, whereby suppliers reclaim surplus or expired materials, are increasingly common in environmentally regulated industries (Rogers and Tibben Lembke, 2001). 

Supplier take back can:

• Reduced disposal costs
 •Move some environmental responsibility upstream 
• Promote collaborative sustainability initiatives

Future procurement contracts should refer explicitly to shelf life, take back arrangements and shared responsibility for waste.

3.3 Options for Reuse and Reprocessing 

In some cases, expired resins may still be technically usable for non-critical applications, such as internal training, prototype production or low-specification castings. All such use must be subject to strict quality testing and approval for health and safety.

Or specialist waste processors may offer chemical stabilisation or reprocessing at lower cost than full hazardous disposal. These options can mitigate environmental impact, but also introduce operational and reputational risks that must be carefully managed.


3.4 Secondary Markets and Donation 

Liability and regulatory concerns limit secondary markets for expired resins. However, in some cases donations to educational or training institutions may be possible, providing for marginal value recovery and allowing for the achievement of corporate social responsibility objectives.

3.5 Financial Write-Offs and Organizational Learning

From a financial governance perspective, obsolete stock must be written off quickly to ensure accurate reporting. Having obsolete inventory on the balance sheet does not reflect the organisation’s performance and distorts decision making (Atrill and McLaney, 2020). 

But more importantly, Brocksweir needs to learn from the incident. The real costs of obsolete stock are disposal charges, capital tied up, increased environmental risk and reputational damage. Prevention must therefore be given priority over cure.

4. Improving the Business and Extended Enterprise’s Understanding of Lead Time 

4.1 Lead Time Strategic Importance

Lead time is the total time elapsed between the identification of a requirement and its satisfaction, comprising supplier production, transport, internal handling and consumption. Organisations commonly overstock inventory as a precaution due to poor understanding of lead time, increasing cost and waste (Chopra and Meindl, 2021). 

At Brocksweir, uncertainty about lead times has probably led to excessive safety stocks of sand and resins, causing storage, energy use and disposal problems.





4.2 Internal process mapping 

The first step toward better lead time control is to map the process in detail. Brocksweir must review each stage of the internal lead time, such as:

• Approval of purchase requisitions
 • Place supplier order 
• Receiving and inspecting goods 
• Storage and internal transport 
• Production deployment

Value stream mapping can identify delays, bottlenecks and non value adding activities (Slack et al., 2022). Shortening internal delays is often easier to achieve speed than renegotiating supplier lead times.

4.3 Collaborating with Suppliers and Measuring their Performance
 
Collaborating closely with suppliers is necessary to grasp lead time across the extended enterprise. Brocksweir should track supplier performance, using metrics such as:

• Delivery On Time In Full (OTIF)
 • Lead time reliability 
• Reacting to changes in demand 

Reliable suppliers and predictable lead times enable reduction of safety stock, which directly enhances cost efficiency and sustainability.


4.4 Integrating forecasts and sharing information 

Greater demand forecasting reduces uncertainty and smoothes ordering patterns. Historical demand data can be combined with customer forecasts and production schedules to enable accurate planning. Sharing forecasts with suppliers further reduces variability and allows for collaborative planning, forecasting and replenishment practices (Chopra and Meindl, 2021).


4.5 Digital System Function 

ERP and supply chain management systems allow for real time monitoring of lead times, supplier performance and inventory levels. Dashboards give managers visibility across the supply chain to help them respond proactively vs reactively to disruptions.
 
4.6 Governance and Continuous Development 

Lead time management should be part of a system of continuous improvement. The regular reviews should be driven by the Purchasing and Supply Chain Manager, who should enable cross functional coordination and ensure the lead time reduction supports both operational efficiency and sustainability objectives.

5. Conclusion
  
The case of Brocksweir Engineering Ltd highlights the considerable operational, financial and environmental risks attached to poor inventory and supply chain management. The consequences of informal practices and the lack of structured decision making are exemplified by excess and obsolete stocks of sand and binding resins.
 
By applying proven inventory management techniques (including EOQ, FIFO, minimum and maximum stock controls and Vendor Managed Inventory) Brocksweir can achieve significant reductions in waste, increase working capital and improve environmental performance. Immediate corrective action on obsolete stock is needed, but long term success hinges on prevention through improved governance, supplier collaboration and data driven planning. 

Brocksweir will have a greater understanding and control of lead time throughout the business and its extended enterprise, enabling the company to match purchasing with actual demand, reducing reliance on safety stock and underpinning sustainable growth. With strong leadership and the appointment of a dedicated Purchasing and Supply Chain Manager, Brocksweir is well placed to move its historic operations into a sustainable, competitive future.
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Figure 3: Periodic Review System Inventory Order Cycle

Inventory
Lowt
Demand
onter Rute

Quanis, 0] /

1 T

onter onter
Placed. Placed




image3.png
Manufacure
Manuacture |

3 sy
= "‘ 4
]

¥

Consumers

rf

Landfill




image1.png
Figure 1: Classic EOQ Model
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