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[bookmark: _Toc194609279]1.0 Abstract
Tungsten mining presents unique logistical and environmental challenges, requiring a strategic approach to material transportation. With road transport restricted due to environmental regulations, this report evaluates three potential solutions: a pneumatic vacuum system, a conveyor belt system, and a slurry pipeline. Each method is analysed based on its cost-effectiveness, operational efficiency, regulatory compliance, and environmental impact.
The pneumatic vacuum system offers a low-impact solution with high operational efficiency but involves significant initial capital expenditure and specialised maintenance. Conveyor belt systems provide a well-established, cost-effective option with modular installation capabilities but require extensive dust suppression measures. While effective for continuous transport, slurry pipelines necessitate high water usage and regulatory compliance regarding waste disposal.
A SWOT analysis and weighted scoring methodology were applied to assess the viability of each solution, ensuring alignment with project constraints and operational priorities. The report concludes that the conveyor belt system offers the most balanced approach, combining efficiency, cost-effectiveness, and environmental compliance.











[bookmark: _Hlk192790100][bookmark: _Toc194609280][bookmark: _Hlk192871535]2. Introduction
Tungsten is a vital material utilised in various industrial applications, including producing cutting tools, electronics, and aerospace components. Due to its high melting point and durability, tungsten plays a significant role in modern manufacturing. However, mining and transporting tungsten ore present several logistical and environmental challenges. Extraction must adhere to strict health, safety, and environmental regulations while ensuring cost-effective and efficient operations.
New Futures has recently obtained planning permission to establish a new tungsten mine. One key stipulation is that road transport cannot be used to move the ore to the port, which is situated two miles from the mine. This restriction aims to minimize environmental impact, particularly noise pollution and visual intrusion. As the Operations Manager, I am responsible for developing a suitable materials handling system that meets these constraints while ensuring operational efficiency and regulatory compliance.
This report will critically examine three distinct materials handling options for transporting tungsten ore from the mine to the port. Each option will be evaluated based on efficiency, environmental impact, cost, and feasibility. The final recommendation will be based on a balanced consideration of these factors, ensuring that the chosen solution aligns with planning conditions and industry best practices.












[bookmark: _Toc194609281]3. Material Handling Considerations 

[bookmark: _Toc194609282]3.1 General Considerations
Material handling plays a crucial role in the efficiency and sustainability of mining operations. Effective systems ensure the safe and efficient movement of materials while minimising environmental impact and operational costs. In tungsten mining, the transportation system must be designed to handle large quantities of ore while complying with regulatory constraints, particularly those related to noise, dust, and visual impact.
One of the primary challenges in material handling for mining operations is dust control. Fine tungsten ore particles can become airborne during transport, leading to environmental and health concerns. Implementing dust suppression measures, such as enclosed conveyor systems or controlled loading mechanisms, is essential to mitigate this issue. Additionally, minimising noise pollution is a key consideration, as mining and transportation operations often generate significant sound levels, which must be controlled to meet planning regulations.
The selection of a materials handling system also depends on terrain, energy efficiency, and maintenance requirements. The system must be designed to withstand the specific conditions of the mining site while ensuring continuous and reliable operation. Furthermore, compliance with environmental regulations and local planning restrictions is essential to avoid delays and additional costs associated with non-compliance.
This report will examine three distinct material handling solutions that meet these considerations while ensuring the adequate transportation of tungsten ore to the port.

[bookmark: _Toc194609283]3.2 Project Design Specification for Tungsten Ore Transportation System 

[bookmark: _Toc194609284]1. General Requirements
1.1 The system must transport tungsten ore from the mine to the port, covering two miles.
1.2 No road transport is permitted; all transportation must occur via an alternative, fixed infrastructure.
1.3 The system must be operational 24/7, ensuring continuous ore transfer to support shipping schedules.
1.4 The system must integrate with the mine's ore processing facility and the port's loading infrastructure.
1.5 The design must allow for future scalability in case of increased production capacity.

[bookmark: _Toc194609285]2. Environmental and Regulatory Compliance
2.1 The system must comply with local planning restrictions, specifically:
· Noise pollution control – Must operate below permitted decibel levels.
· Visual intrusion minimisation – Must blend with the natural environment as much as possible.
2.2 The system must adhere to UK Health and Safety Executive (HSE) and ISO 14001 (Environmental Management Standards).
2.3 Dust and particulate emissions must be fully contained within the system to prevent air pollution.
2.4 The system must have a low carbon footprint, utilising energy-efficient or renewable-powered systems where possible.

[bookmark: _Toc194609286]3. Operational and Performance Requirements
3.1 Capacity & Throughput:
· The system must handle at least 500–1000 tonnes per hour to meet production demands.
· It must accommodate fluctuations in ore supply and processing delays.
3.2 Efficiency & Reliability:
· Must operate at 99% uptime, with minimal unscheduled downtime.
· Should require low maintenance, with key components having a lifespan of at least 10 years before major refurbishment.
3.3 Material Handling Considerations:
· The system must be capable of handling crushed tungsten ore with varying particle sizes.
· Ore transfer must be non-destructive, preventing excessive wear on the equipment.
· If using a pneumatic vacuum system, the design must account for material density and avoid blockages.
· If using a slurry pipeline, water usage and recovery systems must be incorporated.

[bookmark: _Toc194609287]4. Safety and Risk Management
4.1 The system must comply with ISO 45001 (Occupational Health & Safety Management Systems).
4.2 Emergency shutdown procedures must be in place, with automated fail-safes in case of system failure.
4.3 The design must include fire suppression and dust explosion mitigation measures.
4.4 Routine inspection points must be accessible for maintenance without disrupting operations.
4.5 Personnel safety measures must be implemented in manned areas, including emergency exits and safety barriers.

[bookmark: _Toc194609288]5. Infrastructure & Integration Requirements
5.1 The system must integrate with:
· The mine's crushing and processing plant for seamless ore transfer.
· The port’s loading facilities ensure smooth bulk material loading onto ships.
5.2 Structural supports and pathways must be designed to withstand heavy loads and environmental factors such as wind, rain, and temperature variations.
5.3 If an underground system is used (e.g., vacuum pipeline), the excavation and tunnel reinforcement must comply with BS EN 1993 (Structural Steel Design) and BS EN 1997 (Geotechnical Design).
5.4 The system must include redundancy features to prevent single points of failure.

[bookmark: _Toc194609289]6. Cost and Budget Considerations
6.1 The total project cost, including installation and commissioning, should not exceed £X million (to be determined based on budget constraints).
6.2 Operating costs should be minimised, targeting an energy-efficient system to reduce long-term expenditures.
6.3 The system must have a payback period of no more than 10 years, ensuring a return on investment.

[bookmark: _Toc194609290]7. Monitoring, Control, and Automation
7.1 The system must be fully automated, with a central control system for real-time monitoring and adjustments.
7.2 Sensors and tracking mechanisms must be installed to monitor:
· Throughput and ore flow rate
· System temperature and pressure (for vacuum/slurry systems)
· Wear and tear of critical components
· Dust and emission levels
7.3 A remote monitoring system should allow for predictive maintenance and performance optimisation.

[bookmark: _Toc194609291]8. Maintenance & Lifecycle Requirements
8.1 The system must be designed to access maintenance points to reduce downtime easily.
8.2 A preventive maintenance schedule must be established to ensure optimal performance.
8.3 Spare parts and consumables should be readily available for rapid replacement.
8.4 A lifespan of at least 20 years should be expected before major overhauls.











[bookmark: _Toc194609292]4. Potential Materials Handling Solutions 

[bookmark: _Toc194609293]4.1 Types of Underground Mining Methods
Underground mining, often called deep mining, is a method used to extract minerals beneath the Earth's surface, with techniques varying according to the type of shaft, excavation method, and access route to the ore deposit (Hartman & Mutmansky, 2002). The primary methods include drift, slope, and shaft mining, each selected based on geological conditions and logistical considerations. Drift mining entails tunnelling horizontally into a hillside or mountain, making it suitable for deposits near the surface. In contrast, slope mining requires the construction of an inclined shaft when vertical excavation is impractical due to geological instability. The most direct approach of Shaft mining involves sinking a vertical shaft from the surface down to the ore body, facilitating deep extraction but demanding significant initial investment and structural engineering (American Mine Services, 2023).
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(Dissolve, 2025.)
Given the constraints imposed by local planning authorities, which emphasise minimal visual disturbance and limited environmental impact, slope mining or shaft mining would be the most appropriate options for the project. Both techniques minimise surface disruption while enabling efficient mineral extraction from deep underground. The choice between these methods largely depends on the depth of the deposit, geological conditions, and operational costs associated with excavation and ventilation systems.
[bookmark: _Toc194609294]4.2 Mining Extraction Techniques
An appropriate extraction method is crucial for ensuring efficiency and sustainability in underground mining operations. Block caving is a widely used technique for hard rock deposits that involves drilling beneath the ore body and triggering controlled collapses with explosives, allowing for large-scale extraction with minimal manual labor (Brady & Brown, 2006). In contrast, soft rock deposits, such as coal, require specialised methods like room-and-pillar and longwall mining.
Room-and-pillar mining involves systematically extracting material while leaving structural pillars to support the mine roof. Although this method enables approximately 75% ore recovery, a significant portion of the material remains trapped in the supporting pillars and is often irretrievable (Peng, 2008). Longwall mining, an alternative approach, employs a mechanized shearer that cuts the ore, which is then transported via an integrated conveyor belt system. The use of hydraulic roof supports facilitates efficient mineral recovery, with extraction rates reaching up to 90%. However, once these supports are removed, the mine roof gradually collapses, leading to surface subsidence that must be carefully managed to prevent environmental and infrastructural damage (Tatiya, 2005).
[bookmark: _Toc194609295]4.3 Transporting Ore from the Mine to the Surface
Once the ore is extracted, it must be transported from the underground workings to the surface for further processing. Traditional transportation methods in underground mining have included rail-mounted systems and shuttle cars, but modern operations increasingly rely on continuous conveyor belt systems due to their efficiency in handling large volumes of material (Mitchell, 2018).
In slope mining operations, conveyor belts provide a direct and uninterrupted route from the underground workings to the surface, reducing material handling costs and enhancing safety. In shaft mining, material must be hoisted to the surface using lifting systems such as skip hoists, which operate within vertical shafts to transport ore efficiently to the processing plant (Vega, 2023). These systems ensure a steady flow of material, minimizing downtime and improving operational efficiency.
[bookmark: _Toc194609296]4.4 Ore Processing and Preparation
Before transportation, raw ore undergoes a series of processing stages to remove impurities and prepare it for storage or distribution. The first step involves crushing and screening, where a feeder breaker initially breaks down the material before passing through a sizing mechanism that separates it into different particle sizes (RPM Solve, 2023). Following this, density separation techniques are applied, where the ore is immersed in a magnetite-infused water solution. This process effectively segregates valuable material from waste rock, as the denser ore floats while lighter impurities sink to the bottom (Ramani, 2021).
The final stages include dewatering and thermal drying, which eliminate excess moisture, ensuring the ore meets the required specifications for transportation and end-use applications. Proper processing not only enhances the material's quality but also reduces transportation costs by minimizing excess weight.
[bookmark: _Toc194609297]4.5 Transporting Ore to the Port
The transportation of ore from the mine to the port, located two miles away, requires careful consideration of environmental impact, cost efficiency, and logistical constraints. Supply chain network design is crucial in optimizing transportation methods, aiming to maximize throughput while minimizing operational expenditures (Chopra & Meindl, 2021). Selecting an appropriate transport system must consider factors such as noise pollution, terrain adaptability, and infrastructure costs. Conventional road transport is not viable due to local restrictions, necessitating alternative solutions that comply with regulatory and environmental guidelines.
Among the most suitable transportation solutions for this project are pneumatic vacuum systems, overland conveyor systems, and slurry pipelines. A pneumatic vacuum system employs air pressure to transport finely crushed ore through a sealed pipeline, offering a dust-free and enclosed transport method that minimizes environmental disruption. Alternatively, an overland conveyor system provides a continuous and energy-efficient method of moving ore while keeping emissions and noise levels low. A third option, a slurry pipeline, involves mixing the ore with water to create a fluid suspension that can be transported through pipelines to the processing plant. Once at the destination, a filtration system extracts the solid material, allowing the water to be recycled for continued use. Each of these methods presents unique advantages and challenges, requiring a comparative assessment aimed at identifying the most effective transportation solution while considering economic and environmental factors.
[bookmark: _Toc194609298]4.6 Pneumatic Vacuum System
Pneumatic vacuum conveying systems are widely utilised in mining, pharmaceuticals, and food processing industries to transport bulk materials efficiently. These systems create a pressure differential that moves materials through an enclosed pipeline using air or another gas, offering advantages in dust control and operational efficiency (Zhang et al., 2018). A vacuum system consists of a pump, pipeline network, filter units, and a separator that collects and discharges material. Given the planning constraints of minimising noise and visual impact, a vacuum system is well-suited for transporting tungsten ore from the mine to the port, as it operates quietly and can be placed underground. It is particularly effective for handling fine ores, preventing dust emissions and material loss while ensuring environmental compliance (Molayemat et al., 2020). Unlike conventional transport methods such as conveyor belts or trucks, which can generate significant dust and noise, a vacuum system fully encloses the material, reducing health and safety risks while mitigating environmental contamination (Sharma & Rao, 2019).
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(Bing Images, 2025.)
Additionally, it offers energy efficiency and flexibility in route design, allowing pipelines to navigate complex terrain without extensive groundwork. Although tungsten ore is dense and abrasive, requiring wear-resistant pipeline materials and high-capacity vacuum pumps, these challenges can be managed through optimised pipeline design and energy-efficient variable-speed pumps (Klinzing et al., 2019). By minimising operational disruption, reducing environmental impact, and offering long-term cost savings, pneumatic vacuum conveying presents a viable and sustainable solution for transporting tungsten ore in compliance with regulatory requirements.
[bookmark: _Toc194609299]4.7 Overland Conveyor System 
Conveyor systems are a well-established method for transporting bulk materials over short to medium distances in mining, aggregates, and port logistics industries. They offer a continuous and efficient transport solution, reducing operational costs compared to truck-based systems (Roberts, 2020). A conveyor system consists of belts, rollers, drive mechanisms, and support structures designed to move material in a controlled and energy-efficient manner. A covered or underground conveyor system would be a suitable solution for transporting tungsten ore from the mine to the port, as it minimises dust emissions, noise pollution, and visual intrusion (Harrison et al., 2018). Enclosed conveyors, such as tubular or pipe conveyors, provide additional environmental benefits by fully containing the ore and preventing material loss due to wind or spillage (Zhang & Xia, 2021).

[image: Overland Long Distance Belt Conveyor for Coal Handling System - China ...][bookmark: _Toc194608906]Figure 3 – Overground Conveyor 
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(Made-in-China, 2025.)
Modern conveyor systems are designed for durability, incorporating wear-resistant materials to handle dense and abrasive ores like tungsten. They also feature energy-efficient motorised drive systems with regenerative braking technology, which captures and reuses excess energy, reducing overall power consumption (Tavares et al., 2019). Additionally, conveyors require minimal routine maintenance compared to alternative transport methods, lowering long-term operational costs. However, terrain considerations must be factored into the design; while conveyors are adaptable to inclines, steep gradients may require intermediate transfer stations or additional support structures, increasing capital expenditure (Shen et al., 2020). Despite these challenges, the reliability, low environmental footprint, and long-term cost-effectiveness of conveyor systems make them a practical and compliant choice for tungsten ore transport in this project.
[bookmark: _Toc194609300]4.8 Slurry Pipelines 
Slurry pipeline systems provide an effective and environmentally sustainable method for transporting bulk materials, particularly ores and minerals, over medium to long distances. This transport method involves mixing the ore with water or another carrier fluid to create a slurry, which is pumped through a pipeline to its destination (Wills & Finch, 2016). Slurry transport is widely used in the mining industry due to its efficiency, reduced energy consumption, and minimal environmental impact compared to conventional haulage methods such as trucks or rail (Paterson, 2020). Given the planning restrictions for this project, a slurry pipeline system presents a viable solution for transporting tungsten ore from the mine to the port, as it operates with low noise levels, is visually unobtrusive when buried underground, and eliminates dust emissions associated with dry material handling (Sivakugan et al., 2018).
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(Beaver Process and Environmental Solutions, 2025.)
Modern slurry pipelines use abrasion-resistant materials to handle dense and coarse particles, making them suitable for tungsten ore, which is significantly more abrasive than softer minerals (Zhang et al., 2021). Pumping systems with variable-speed drives ensure energy efficiency while optimising flow rates based on operational demand. Additionally, thickening agents or chemical additives can maintain slurry stability and prevent sedimentation within the pipeline (Abulnaga, 2021). While slurry pipelines require an initial capital investment for infrastructure, they offer long-term operational cost savings by reducing maintenance and eliminating the need for multiple handling stages (Dutta, 2019). A key challenge, however, is the water requirement for creating the slurry; efficient water recycling systems or access to a sustainable water source would be essential for maintaining operational feasibility (Paterson, 2020). Despite these considerations, slurry pipeline transport remains a reliable, cost-effective, and low-impact solution for delivering tungsten ore to the port in compliance with environmental regulations.


























[bookmark: _Toc194609301]5.0 Evaluation Of Proposed Solutions 
Selecting the optimal material handling solution for transporting tungsten from the mine to the port requires a comprehensive evaluation of the available options. Each system must align with the project's design specifications, ensuring minimal environmental and visual impact while maintaining operational efficiency and cost-effectiveness. A SWOT analysis has been conducted for each option pneumatic vacuum systems, conveyor belt systems, and slurry pipelines to facilitate this decision-making process, identifying their respective strengths, weaknesses, opportunities, and threats. A structured scoring system has also been applied, assessing each solution against key design criteria such as noise reduction, maintenance requirements, reliability, and sustainability. This evaluation aims to determine the most suitable transport method for the project by integrating qualitative and quantitative assessments.
5.1 [bookmark: _Toc194609302]SWOT Analysis 
5.1.1 [bookmark: _Toc194609303]Pneumatic Vacuum System 
[bookmark: _Toc194609249]Table 1 - Pneumatic Vacuum SWOT
	Strengths
	Weaknesses

	Minimal environmental impact – The enclosed system prevents dust emissions and contamination (Zhu et al., 2021).
Low noise levels – Unlike conveyors or trucks, pneumatic systems operate with reduced mechanical noise, making them ideal for noise-restricted zones (Lee et al., 2020).
Fully enclosed operation – Protects transported material from weather conditions and external contamination (Zhou & Wang, 2018).
Flexible routing – This can be designed to follow terrain contours without requiring large-scale excavation or support structures (Benedikt et al., 2019).
Automation-friendly – Can be easily integrated into automated systems, reducing labour costs and increasing efficiency (Singh & Sinha, 2020).

	High energy consumption—This requires powerful vacuum pumps or blowers, leading to increased operational costs (Kumar et al., 2021).
Capacity limitations: They are less effective for very high tonnage transport than conveyors or slurry pipelines (Patel & Rao, 2017).
Material degradation risk – High-velocity movement can cause attrition, reducing material quality (Ramesh et al., 2018).
High initial setup cost: It requires specialised equipment, which increases capital expenditure (Li & Chen, 2019).
Complex maintenance – Blockages or wear in pipe sections may require shutdowns and specialised interventions (Ahmed et al., 2020).


	Opportunities
	Threats

	Advancements in energy-efficient technology – Emerging energy-efficient pumps and air recovery systems can reduce operational costs (Garg et al., 2021).
Integration with renewable energy sources—It can be powered by solar or wind energy to improve sustainability (Wu et al., 2022).
Potential for modular expansion – Additional vacuum lines can be incorporated as demand increases (Smith & Taylor, 2021).
Increased demand for environmentally friendly solutions – Growing regulatory pressure on emissions and noise makes enclosed systems more favourable (European Commission, 2020).

	High maintenance complexity – Specialised expertise may be required, leading to repair delays (Harrison et al., 2019).
Limited global adoption – Fewer case studies and industrial-scale applications than conveyors (Chowdhury, 2021).
Material constraints: It is not suitable for extremely coarse or wet materials, limiting its use cases (Deng et al., 2019).
Potential system failure risks – A blockage or breakdown in key components can halt the entire system (Rodriguez et al., 2020).







5.1.2 [bookmark: _Toc194609304]Conveyor System
[bookmark: _Toc194609250]Table 2 - Conveyor SWOT
	Strengths
	Weaknesses

	High efficiency for continuous transport – Can move large quantities of material steadily with minimal interruptions (Roberts et al., 2018).
Energy efficiency compared to pneumatic systems – Requires less energy per ton of material transported (Wheeler & Holland, 2021).
Reliable and widely used – Proven technology with well-established maintenance procedures (Zhang et al., 2019).
Low operational costs – Once installed, operating expenses are relatively low (Liu & Brown, 2020).
Customisable for terrain adaptation – Can be installed on elevated supports or enclosed to reduce visual impact (Walker & Kim, 2017).
	Requires significant space—It may need large corridors or support structures, which could impact visual aesthetics (Harvey et al., 2018).
Potential for noise pollution – Unless fully enclosed, moving belts and rollers generate noise (Smith & Jones, 2019).
Susceptible to weather conditions – Open conveyor belts may experience operational issues in extreme weather (Davis et al., 2021).
Maintenance requirements – Belts, rollers, and motors require regular maintenance to avoid breakdowns (Chen & Yu, 2020).
Spillage risk – Loose material can fall from the belt, leading to potential waste and environmental concerns (Gonzalez et al., 2017).


	Opportunities
	Threats

	Advancements in enclosed conveyor technology – Modern systems include dust suppression and noise reduction features (Harrison & Patel, 2018).
Energy recovery technology – Gravity-assisted conveyors can generate electricity while transporting material downhill (Baker et al., 2020).
Intelligent monitoring and automation – Integration with IoT sensors can predict maintenance needs, improving reliability (Ramirez et al., 2022).
Hybrid conveyor designs—Combining conveyors with vacuum or slurry pipelines can enhance overall transport efficiency (Nakamura et al., 2019).

	High capital investment for enclosed systems—While open conveyors are cost-effective, enclosed designs require a higher initial investment (Miller & Davis, 2021).
Regulatory pressure on emissions – Dust and noise regulations could require costly upgrades or modifications (European Environment Agency, 2021).
Material wear and tear—Belt degradation can lead to costly replacements if it is not properly maintained (Zhou et al., 2022).
Competition from newer technologies—Pneumatic and slurry systems are increasingly being considered alternatives (Singh, 2021).





5.1.3 [bookmark: _Toc194609305]Slurry Pipeline System 
[bookmark: _Toc194609251]Table 3 - Slurry Pipeline SWOT
	Strengths
	Weaknesses

	Fully enclosed operation – Prevents dust emissions and protects transported material (Gopalakrishnan et al., 2020).
Low energy consumption for long distances—more efficient over extended routes than conveyors (Sharma & Das, 2018).
Minimal visual impact – Underground pipelines eliminate landscape disruption (Johnson et al., 2021).
High reliability and low maintenance—There are Fewer moving parts in conveyors than in other systems (Bose & Rao, 2019).
Safe transport method – Eliminates fire risk and reduces accident hazards associated with open systems (Martinez et al., 2018).
	High water usage – Requires large volumes of water, which must be treated or recycled (Singh & Gupta, 2020).
Complex setup and high initial cost – Installing a pipeline system involves excavation, pumps, and filtration systems (Owen & Russell, 2019).
Requires dewatering at destination – Additional processing is needed to separate tungsten from slurry (Zhu & Wang, 2017).
Limited flexibility – Once installed, altering the pipeline route is difficult (Brown & Kelly, 2020).


	Opportunities
		Threats	

	Advancements in water recycling – Modern filtration technologies can reduce water consumption (Taylor et al., 2021).
Integration with renewable energy: Hydropower-assisted pumping stations can reduce carbon footprints (Deng et al., 2022).
There is a growing demand for low-emission transport. Fully enclosed operation aligns with environmental regulations (European Commission, 2021).
Hybrid transport methods – Can be used with conveyors or vacuum systems for added flexibility (Kumar et al., 2023).

	Regulatory concerns over water use – Stricter regulations on industrial water consumption may increase operational costs (Environmental Protection Agency, 2021).
Potential pipeline blockages – Material settling or clogging in the pipeline can disrupt operations (Shah & Verma, 2019).
Pumping over short distances requires high energy, making it less efficient for short-haul applications than conveyors (Ramirez & Lopez, 2020).
Requires specialised maintenance teams—There is a Limited availability of skilled technicians for pipeline maintenance (Wilson & Harris, 2021).



















5.2 [bookmark: _Toc194609306]Scoring Against Design Specification 

[bookmark: _Toc194609252]Table 4 - Solutions Scoring Table
	
	Proposed Systems 

	Criterion
	Pneumatic Vacuum
	Conveyor System
	Slurry Pipeline

	Noise Reduction
	9
	5
	8

	Visual Intrusiveness
	10
	4
	9

	Energy Efficiency
	7
	8
	9

	Reliability
	7
	9
	6

	Maintenance Costs
	5
	8
	6

	Operational Costs
	6
	9
	7

	Environmental Impact
	9
	6
	8

	Ease of Implementation
	6
	8
	5

	Total Score
	59/80
	57/80
	58/80













[bookmark: _Toc194609307]6.0 Procurement Considerations 
The selection and procurement of a material transport solution must align with project constraints, operational requirements, budgetary considerations, and long-term sustainability. This section evaluates procurement factors such as cost, supplier selection, installation complexity, regulatory compliance, and lifecycle management for the three proposed solutions: pneumatic vacuum systems, conveyor belt systems, and slurry pipelines.
[bookmark: _Toc194609308]6.1 Cost Analysis
Both capital expenditure (CapEx) and operational expenditure (OpEx) are critical in determining the financial viability of each transport system. The pneumatic vacuum system requires a high initial investment due to the specialised equipment, vacuum pumps, and pipe infrastructure (Delft University of Technology, 2018). Conveyor belt systems, in contrast, have a moderate-to-high capital cost depending on terrain adaptation and enclosure requirements (Harrison, 2020). Slurry pipelines also involve significant upfront costs, primarily due to the installation of pipelines, pumping stations, and water treatment facilities (Chadwick, 2021).
Regarding operational costs, the pneumatic vacuum system has high energy consumption but minimal ongoing maintenance expenses (Brune, 2018). Conveyor belt systems have relatively lower energy requirements, though they necessitate frequent belt replacements and mechanical upkeep, contributing to long-term costs (Mitchell, 2019). Slurry pipelines present moderate energy costs but require substantial water consumption and filtration expenses, which must be factored into operational budgets (World Coal Association, 2020).
[bookmark: _Toc194609309]6.2 Supplier Selection and Lead Times
Choosing a reliable supplier with expertise in material transport is essential to ensuring system efficiency and longevity. Pneumatic vacuum systems have fewer global suppliers, which may result in extended lead times and the need for specialised procurement contracts (Zhu et al., 2017). As a well-established technology, Conveyor belt systems benefit from a broad supplier base, offering competitive pricing and shorter lead times (Brown, 2016). Slurry pipelines, supported by experienced suppliers in pipeline engineering and fluid transport, require custom design specifications, leading to moderate lead times for procurement and installation (Sahu, 2022).
[bookmark: _Toc194609310]6.3 Installation Complexity and Timeline
The complexity of installation plays a crucial role in project scheduling and resource allocation. The pneumatic vacuum system requires precision engineering and specialist contractors, resulting in an extended commissioning period before becoming operational (Benedikt, 2019). Conveyor belt systems offer a modular installation approach, which allows for phased implementation with minimal disruption to ongoing site activities (Smith et al., 2021). Slurry pipelines, however, demand extensive excavation and pipe-laying efforts, which significantly lengthen project timelines and necessitate environmental impact assessments before installation (WCA, 2023).
[bookmark: _Toc194609311]6.4 Regulatory and Environmental Compliance
Compliance with environmental and regulatory requirements is paramount in selecting a transport solution. Pneumatic vacuum systems must adhere to air quality, noise pollution, and workplace safety regulations, ensuring emissions and sound levels remain within permissible limits (EPA, 2019). Conveyor belt systems require dust suppression measures and noise mitigation strategies to obtain regulatory approval (DEFRA, 2020). Slurry pipelines face the most stringent regulations, particularly regarding water usage and disposal, necessitating comprehensive permitting and sustainability assessments to meet industry and government standards (European Environment Agency, 2022).
[bookmark: _Toc194609312]6.5 Lifecycle Management and Maintenance
Each system varies in terms of durability, longevity, and maintenance demands. Pneumatic vacuum systems have a long operational lifespan with minimal wear and tear but require periodic component replacements to sustain efficiency (Zhu et al., 2017). Conveyor belt systems have a moderate lifecycle, with belts requiring replacement every few years, depending on wear rates and operational intensity (Brune, 2018). Slurry pipelines have a long lifespan but are prone to corrosion, necessitating continuous monitoring and periodic maintenance to prevent leaks and ensure consistent performance (Harrison, 2020).



[bookmark: _Toc194609313]7.0 Conclusion and Recommendations 
After thoroughly evaluating the three proposed transport solutions, the conveyor belt system emerges as the most viable option for transporting tungsten ore from the mine to the port. It offers an optimal balance of cost efficiency, reliability, and environmental and regulatory requirements compliance. While the pneumatic vacuum system presents an innovative approach with minimal ecological impact, its high capital investment and specialised maintenance requirements reduce its feasibility. Similarly, the slurry pipeline method, though adequate for continuous transport, poses significant regulatory and environmental challenges due to its reliance on water resources.
Ultimately, selecting the conveyor belt system ensures minimal disruption to the surrounding environment while maintaining operational efficiency. Future recommendations include conducting a detailed feasibility study and risk assessment to refine implementation strategies and ensure long-term sustainability. Adopting this approach allows the tungsten mining operation to achieve regulatory compliance while optimising material handling efficiency.
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