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Abstract:
A newly appointed operations manager for New Coal Futures, has been tasked with reviewing three different material transportation systems, specifically for the transfer of coal. The transport will be from a mine, to a steel factory located two miles away. The three systems investigated were a conveyor system, aerial ropeway system and an underground pipeline system. The thought process from the operations manager was to review three completely different variants (High Level, Ground Level & Underground Level), to understand if there were standout positives or negatives, there was a particular key objective of reducing visual and noise intrusiveness. There could also be the potential for there to be a cross over in systems, as for example; the conveyor system could be used both aerially and underground, on top of also being a ground level system. 
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This report will look to consider the material handling duties, assigned to the newly appointed operations manager at New Coal Futures, this follows the granting of planning permission for a new deep coal mine. The plan is for mined coal to be delivered to a nearby steel company situated two miles from the proposed mining site. The coal will be extracted from the mine ready for transport, via a vertical shaft, used to move the coal up to surface/transportation level. 

Material handling refers to the movement, control, and storage of materials and products within a manufacturing, distribution, or storage facility. It contains a wide range of activities and equipment used to manipulate materials and products safely and cost-effectively throughout various stages of production processes, (Mudiyanselage, 2021). Effective material handling is essential for optimising production and distribution processes, reducing operational costs, and enhancing overall productivity. It is a fundamental aspect of logistics and supply chain management, impacting industries such as manufacturing, retail, e-commerce, and construction. The choice of material handling methods and equipment depends on the specific needs and constraints of the operation, (Glock, 2021).

Material transportation refers to the process of moving materials from one location to another. This transportation can occur within a facility, between different facilities, or across various points in a supply chain. The efficient and effective transportation of materials is an important aspect of logistics and plays a vital role in ensuring the smooth flow of goods in manufacturing industries, (Zhou, 2013). Efficient material transportation could be argued to be vital for supply chain management, ensuring that products and materials are delivered on time, at the right place, and in the right condition. It directly impacts a company's ability to meet customer demands, reduce costs, and remain competitive in the marketplace. As a result, businesses could invest in optimising their material transportation strategies to enhance their overall logistics and operations, (Bandyopadhyay, 2017).

Material handling systems encompass a wide range of equipment and methods designed to move and control materials within industries. This report will aim to review some of these material handling systems, along with their advantages and disadvantages, with the hope to give overall recommendations as to what impact the system could have on a business. 
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There is approximately ten tonne of coal that is required to be transported per day, working through x2 eight-hour shift patterns (Mornings/Afternoons), meaning there is a total of sixteen hours production/transportation time. Both the weight capacity and the speed of the transportation system will need to be considered, so to understand if the daily load can meet both time deadlines and also run efficiently. 

Firstly, the operations manager was instructed to consider specific criteria in the deliberation of the three systems; no road transport can be used, and the system must keep both noise and visual intrusiveness at a minimum. When evaluating different material handling options without the use of road transport, various factors must be considered that impact the efficiency, environmental impact, and overall feasibility of each option. 

Applying lean and agile principles to material transportation is essential for streamlining operations, reducing costs, and meeting the demands of today's fast-paced business environment. It not only improves the efficiency of transportation processes but also enhances resource utilisation, and sustainability, making it a crucial element of modern supply chain management, (Hallgren, 2009).
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Through using a conveyor belt system at ground level, the coal can be transported from the mines to the steel factory. Due to the long distance (2 miles), a significant initial cost would very likely be required, as well as the ongoing maintenance costs through time. However, in terms of the ease of loading/unloading due to the system being ground level, it could be argued to be very beneficial and time effective, due to having a similar effect to that of TATA Steel’s train track, which covers an even larger distance in the Port Talbot site, who use it to transport raw material and goods on a daily basis (TATA Steel, 2023).    

A conveyor belt system is a mechanical handling apparatus that consists of a continuous belt (Typically made of rubber, fabric, or metal), that moves materials from one location to another. These systems are used for a wide range of applications across various industries, including manufacturing, logistics, mining, and agriculture, (Ravikumar, 2020). Conveyor belt systems are valued for their efficiency, versatility, and ability to automate material handling processes. They play a critical role in various industries, enhancing productivity and reducing labour-intensive tasks. The specific design and configuration of a conveyor belt system depend on the unique requirements of the application it serves, (Mathaba, 2017). The system is a widely used method for transporting bulk materials efficiently. It can also be designed to minimise noise and visual impact; this can could be done by designing guarding around the conveyor so that the noise is reduced and visually it is not so disruptive. It should be noted that while they can be ground level systems, conveyor belts can also be installed underground, reducing visual intrusiveness and noise levels almost entirely. Energy-efficient electric motors can power the system, reducing the carbon footprint, while maintenance costs may also be lower than other options, if preventive measures are taken to avoid breakdowns, (Mu, 2020).

While conveyor belt systems offer numerous advantages for material handling, they also have some drawbacks that companies must be aware of. Some common downsides associated with conveyor belt systems are as follows, (Zhang, 2022):

· The installation of a conveyor belt system can be expensive. The cost includes not only the conveyor itself but also the supporting infrastructure, such as frames, electrical systems, and controls.
· Conveyor systems often require a significant amount of floor space / footprint, which may be a limitation in facilities with limited available space. With regard to the 2 miles between the mine and the steel factory, there is an unknown element of what potential obstacles could affect the system, both in the design phase, but also in future work. 
· Once installed, conveyor systems can be challenging to reconfigure. Changing the layout or adapting to different types of materials may require significant time and cost.
· Conveyor belts and associated components require regular maintenance to prevent breakdowns and ensure smooth operation. Unscheduled downtime can disrupt production processes.
· Can be complex to design and maintain, and they may involve multiple components, such as motors, sensors, and controls. This complexity can lead to technical issues and maintenance challenges.

Website OCS Systems describes some other disadvantages of a conveyor belt system, (OCS, 2023); such as systems can be energy-intensive, particularly if they are designed to move heavy loads over long distances, which could certainly be the case with the transportation of coal. Energy costs can be a concern for organisations focused on sustainability. This could then also influence the environmental impact, as conveyor systems can contribute to noise pollution and may require additional environmental controls, especially in sensitive areas.

Despite these drawbacks, conveyor belt systems remain a valuable and widely used method for material handling in many industries. Understanding these limitations and considering alternative methods, can help organisations make informed decisions about their material handling processes, (Kawalec, 2020). Siemens, the German automation and digitalisation specialists are an example of a company that incorporate a conveyor belt system to transport raw material, (Siemens, 2023). 

The capacity and speed of a conveyor belt system is very unlikely to be an issue for the transfer of coal, as there are systems available that can transport up to 1 tonne an hour, meaning both the daily quota of coal is met (10 Tonne), in addition to having time left over (6 Hours remaining, working off conveyor system running for both shifts for a combined 16 hours), there is potential for utilising the downtime for either maintenance work to be carried out, or energy or noise savings to be made in turning off system.

2.2 Aerial Ropeway

With coal being transported from the mine to the factory, it can be assumed that the coal will need to be raised at some point to get out of the mine. Using an aerial ropeway system, it will just further enhance on this, it will support extracting coal out of the mine, while also transporting it to the next stage, i.e., the steel factory. The vertical shaft used to extract the coal from the mine, could also work like an elevator, shipping the coal straight up to the aerial ropeway, ready to be transported.  

An aerial ropeway system, also known as an aerial tramway or cable car, is a transportation system that uses suspended cables and carriers to move materials or goods between two or more points. This system is widely used for both material transportation and passenger transport in various industries and recreational settings, (Pernkopf, 2021). Aerial ropeway systems offer several advantages, including the ability to traverse difficult or environmentally sensitive terrain, reducing the need for extensive ground infrastructure. They can also provide a cost-effective and efficient means of transportation for both materials and passengers, (Alshalalfah, 2014). An aerial ropeway system uses suspended cables to transport materials, offering an efficient and environmentally friendly solution. Noise levels are typically low due to the height above civilian level, and the system is less visually obtrusive compared to ground-level conveyors. It may also have a lower initial setup cost compared to systems such as conveyor belts, specifically if the terrain is suitable for this option, (Lagerev, 2019). 

Aerial ropeway systems also have certain drawbacks and limitations for material transportation, that a business would want to consider when evaluating their suitability. Some common negatives of aerial ropeway systems for material transportation are as follows, (Daquin Machinery Co., 2023):

· Aerial ropeway systems typically have limited carrying capacity compared to other modes of transportation, such as trucks or trains. This limitation can be a constraint when transporting large quantities of materials.
· Can be affected by adverse weather conditions such as strong winds, heavy snowfall, or lightning. These weather-related disruptions can lead to downtime and operational challenges.
· Maintaining and servicing aerial ropeway systems can be complex and require specialised expertise. Regular inspections, lubrication, and cable replacement are essential to ensure safe and reliable operation.
· The construction and installation of an aerial ropeway system can be a significant upfront cost, including the erection of support towers, cables, and the drive station. This cost can be a barrier to entry for some companies.
· Best suited for applications where the terrain is challenging or where ground transportation is not feasible. In more accessible areas, ground-based transportation methods may be more cost-effective.
· May not provide easy access to specific locations, making it challenging to transport materials to or from certain areas.

An article by Alshalalfah (2015), states some other drawbacks of aerial systems can also be the loading and unloading of materials. As the stations can be less efficient and slower compared to ground-based systems, it may require additional time and labour. Furthermore, safety is a critical consideration for aerial ropeway systems, especially when transporting materials. Proper safety measures are essential to prevent accidents, material spillage, and damage.

Aerial ropeway systems regardless of the disadvantages can still be argued to be valuable transportation solutions in specific situations, particularly when dealing with challenging terrain or when environmental considerations are important. A company considering the use of aerial ropeway systems for material transportation should carefully evaluate their specific needs, operational challenges, and potential benefits before implementing such a system, (Knawa, 2007). Due to the practicality of an aerial system for awkward locations, they are specifically useful within rural areas, such as high areas with mountains, which would have a higher chance of weather issues, (Siddall, 1967). 

The capacity of an aerial system would be a huge downfall for the transportation of coal, as while it does depend on the cost a company is willing to invest, a typical system could carry 0.5 tonnes per hour, which means it would take 20 hours to fully transfer 10 tonnes of coal. This would be outside of the 16-hour working pattern, meaning the daily quota is not met. 
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An underground pipeline could be created to transport the coal from the mine to the steel factory. There are multiple ways this could be done underground, but by using gravity (Angling Pipeline), to act as something similar to that of a slide, it will easily allow the coal to flow down. There could be arguably require less energy consumption than what would be needed to run a conveyor or an aerial system, as the angle of the pipeline could be designed/manipulated for the coal to flow down the pipe naturally, by simply utilising gravity. 

An underground pipeline system is a network of pipes buried beneath the earth's surface, which can be designed for the transport of various types of materials, including liquids, gases, or solids, from one location to another. These systems are commonly used in industries such as oil and gas, water supply, sewage, chemicals, and mining. Underground pipelines are known for their efficiency, safety, and minimal environmental impact, (Feifei, 2020). Underground pipelines offer several advantages, such as reducing the risk of vandalism or accidental damage, and preserving aesthetics. However, they also require careful planning, construction, and maintenance to ensure safe and efficient material transportation while avoiding leaks or environmental contamination. Additionally, safety measures, including pipeline integrity testing and leak detection systems, are crucial for the proper management of underground pipeline networks, (Trokhimchuk, 2017). Most importantly, an underground pipeline can transport materials discreetly and with minimal noise, which is a key objective that was given to the operations manager, as the system is underground the noise and visual intrusiveness can be removed entirely. It can be energy-efficient, especially if gravity or low-power pumps are used. There is also a minimal risk of spillage or environmental contamination compared to surface transport options, (Xie, 2023).

Although underground pipelines offer several advantages, they also have several drawbacks and challenges that organisations and authorities must address. Some common weaknesses of underground pipelines can be, (Genge, 2022):
· The cost of designing, constructing, and installing underground pipelines can be significant, particularly for long-distance or large-diameter pipelines. This initial investment can be a barrier to entry for some companies.
· Underground pipelines require regular maintenance to prevent leaks, corrosion, and other issues. Identifying and fixing problems in buried pipelines can be complex, time-consuming, and costly.
· While underground pipelines are less visually intrusive than above-ground alternatives, they can still have environmental impacts. Construction and maintenance activities can disturb ecosystems and affect local habitats.
· Pipeline leaks can lead to environmental contamination, especially if the transported materials are hazardous or pollutants. Identifying and addressing leaks promptly is critical to prevent environmental damage.
· Over time, pipelines may deteriorate due to factors like corrosion and wear. Aging infrastructure can be prone to leaks and failures, necessitating regular inspection and potential replacement.

An article by Luo (2022), which addresses the analysis of underground pipelines, highlights some other disadvantages including acquiring the necessary land or right-of-way for pipeline construction can face opposition from landowners, communities, or environmental groups. The presence of underground pipelines can lead to ground settlement, causing subsidence or surface deformation in certain areas. While complying with regulations and permitting requirements for pipeline construction and operation can be a complex and time-consuming process.

Although these downsides can be significant, underground pipelines remain a critical part of infrastructure for the transportation of materials. Addressing the challenges requires effective planning, regular maintenance, robust safety measures, and transparent communication with stakeholders and regulatory authorities, (Ma Rui, 2020). An example of a company that transport coal via underground piping, is within Australia, the Savage River Slurry Pipeline, considered one of the first systems of its kind, (Jackson, 2016).

Through using gravity, the speed and capacity of an underground system can be designed to suit the process requirement. For example, the diameter and angle of the pipe can be set to allow the coal to be transported at a rate of 1 tonne per hour, there is the potential of getting more output of coal per hour, but this could affect the system suitability cost. If the pipeline is required to be angled too much, it would mean the initial set up cost would continue to increase, and make it even more difficult to modify/fix if any issues with process. With the capacity being met and noise and visual effects being reduced almost entirely, certainty compared to other systems such as ground and aerial systems. Its highlights a substantial reason to investigate an underground system for the transportation of coal.   
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3.0 Procurement 
All three systems are likely to be expensive, this is due to the high initial cost that would need to be addressed to cover a 2-mile footprint. The cost of transporting materials over a 2-mile distance can vary significantly based on a range of different factors, mainly being the material and system complexity. What the system is predominantly made of could affect the system’s capacity/performance, if a durable material is identified that could hold high weights, or advanced software is utilised that can increase efficiency, it very likely will increase the overall cost. 


Conveyor Belt System Cost – £100,000 (Approx. Initial Set Up Cost)

Conveyor belt systems could cost approx. just over £100,000 just for the initial set up, due to the large surface distance that the system will require, this is a rough estimation based off the square foot that would need to be covered, (Kawalec, 2020). Maintenance costs will also come on top of this, which due to the complexity of a conveyor belt system, with many different elements/long system footprints, could have difficulty in long downtime should the issues not be addressed quickly.  

Score – 2; As the running cost would be very high compared to the less energy consumption a underground system would require that didn’t require as much power.


[bookmark: _Hlk153902139]Aerial Ropeway System – £1,000,000 (Approx. Initial Set Up Cost)

Aerial ropeway systems could arguably be the most expensive of solutions, due to the initial cost being anything up to a million, due to the complexity of the design, the length of the footprint, parts required, while a list of areas that would need to be addressed in just the planning stage. Not only would maintenance costs be difficult if there are issues, but it would also greatly affect downtime. Finally, the energy costs to run an aerial system could be very high, Disney for example released figures for an aerial system to transport passengers, which would cost approx., £150,000 per one system to run annually, (Pernkopf, 2021). 

Score – 3; Due to the very high initial set up cost, this system could certainly be argued to be the most unsuccessful option, as it would very likely have a long payback for the investment. 

Underground Pipeline System – £50,000-100,000 (Approx. Initial Set Up Cost)

An underground pipeline system could cost between £50,000-100,000, but due to the less complex geometries and technology, would arguably be less expensive to run. There would be high costs regarding maintenance if there was an issue, as with the pipeline being underground, the floor would have to be dug up, the repairment would have to be made, concluding with resurfacing of the floor to clean up the ground state, if several occurrences of this were to happen the costs would continue to increase, highlighting the importance of having predictive maintenance procedures in place (Trokhimchuk, 2017).

Score – 1; Due to the potentially lower initial set up and running costs this system could be argued to be the most beneficial option, as it would very likely have a shorter payback for the investment, compared to the other options. 
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4.0 Overall Recommendations
In conclusion, there are multiple different lean & agile systems which could be suitable for transporting materials, with positives and negatives for each system. The three different systems discussed within this report, review transportation above the ground, ground floor and underneath the ground. There could even be some interchange between the three, as a conveyor system could be used with an aerial ropeway or for an underground pipeline. In the case of transporting coal, considering the positives gained from lower initial set up cost, minimal noise, visual intrusiveness, and less environmental impact. An underground pipeline could be argued to be the most suitable option, especially through using gravity to support with the ease of transporting the coal to the factory, without using energy near that of the level that the typically heavily electrically based conveyor and aerial systems would require.

Underground pipelines can be designed to operate quietly and are hidden from view, which helps minimise both noise and visual intrusiveness. This is in line with the planning permission conditions. Pipelines angled to utilise gravity can be very energy-efficient due to not requiring as much power as other systems are more likely to require to function. With the system being able to be designed with environmental considerations in mind, they are less likely to cause environmental disturbances compared to other options, (Park, 2011). 

While the initial setup cost may be relatively high, underground pipelines generally have lower ongoing maintenance and operating costs. Their efficiency and reliability make them a cost-effective choice over the long term. Underground pipelines are also considered safe for both workers and the environment, as they reduce the risk of spills and accidents associated with other materials handling methods, (Sharma, 2017).

The overall recommendations are, that it is essential to conduct a comprehensive feasibility study, including a cost-benefit analysis and an environmental impact assessment, to ensure that the chosen option aligns with the company's long-term goals and objectives while meeting the planning permission conditions.
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