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Introduction
Within the following literature, a critical review of the material handling system (MHS) process and procurement choices involved when building a new open pit coal mine are considered. Although in many circles considered detrimental to the environment, coal is still a critical element to the global economy through its use in power generation which ultimately feeds into both industrial and residential developments. As demonstrated in figure 1 coal production is forecast to remain strong globally with growth only hitting 0% in 2030, this is especially true in regions such as China, USA, India and Indonesia who collectively make up 80% of the world coal production. (Mikael Höök, 2010)
[image: ]
[bookmark: _Toc153715170][bookmark: _Toc153720861][bookmark: _Toc153886682]Figure 1 – Global Coal Production and Growth (Anon., 2023)
The need for coal therefore can not be overlooked and offers great opportunities in regard to the technological advancements in its production, handling and use. Intelligent coal mines are becoming ever popular within the industry with production facilities using large capital expenditure at the mines creation to maximise production with lower overhead costs. (Guofa Wang1, 2018) The opportunities are even greater when we consider the MHS typically equate to around 35-70% of a mine’s expenditure. (Pinar Mizrak Özfirat, 2018) This clearly demonstrates the need and opportunity afforded to new mines when considering their MHS choices as the financial rewards are significant but added efficiency in the process by reducing waste in terms of transport, inventory and waiting.
The intelligent coal mines include improvements as per figure 2 such as big data centres, safety systems, online automated transport systems, digital resource views, unmanned mining locations, intelligent storages systems, geological data monitoring, rapid tunnelling systems and air quality control.[bookmark: _Toc153720862][bookmark: _Toc153886683]Figure 2 - Intelligent coal mine overview

The example we will critically review is an open pit coal mine situated 2 miles away from its end user, a steel production facility. For clarity on the scenario, the steel mine will require 500 tonnes of coal per day and the environment proposed for this example we assume an even terrain, a typical UK weather system with suitable storage and handling systems at either end of the transportation which will also be taken into consideration during the evaluation.
We will also take into consideration that no road transport is to be included in this evaluation, noise and environmental impact including visual intrusion must be kept to a minimum to meet the criteria set during the planning phase of the coal mine.
Material Handling Consideration
Material handling systems are used to move goods or raw materials in its most basic principle from A to B, this can be achieved in a multitude of ways as seen in figure 3 such as road via a truck, rail via train, water via boat, air via aeroplane, pipeline via gas or water, conveyors via belt, chain, roller or overhead type, automated guided vehicles (AGV’s) via unmanned vehicle , monorails via overhead units and the use of humans to manually handle the movement. (Kulak, 2005) defines “an MHS is a system for improving the performance of a manufacturing system, such as reducing work-in-process (WIP) by delivering the right amount of materials, to the right place, at the right time, and at the lowest cost”.
These examples all have different advantages and disadvantages but to truly understand the best equipment for your application some key areas must be considered when reviewing a MHS design.  The considerations for MHS choice can be split between Product and Process as below in figure 4. (YAMAN, 2001)
[bookmark: _Toc153886684]Figure 3 - MHS Examples[image: ][image: ][image: ]
[image: ]
[image: ] 
[bookmark: _Toc153886685]Figure 4 - MHS Equipment Selection
[image: ]When we apply these considerations to our example, we can see how the different MHS would be considered as seen in figure 5.
[bookmark: _Toc153886686]Figure 5 - MHS Vs Considerations

When we review the results of our example against these considerations we can clearly see road, conveyors and AGV’s fit all the characteristics we would normally accept for an MHS but due to the extra requirements of planning and environment we must add the following elements to the consideration, noise, energy use, visual, cost and safety. We will also remove people, pipeline and air from the consideration as they do not meet enough of our criteria.
[image: ]
Based on the considerations above we can see that the conveyor, monorail and AGV systems would likely offer the best solution for the transportation of coal from the open pit to the steel production facility.
There are also some key considerations when looking at the MHS before moving to the procurement commitment. These parameters would include the time to load the MHS, the unload time, the speed at which the MHS moves, how many units are required per hour, maintenance, spares commonality, space and building constraints. The basic process is shown in figure 6 from the bottom of the storage silo to the unload at the steel production facility.
[image: ]
[bookmark: _Toc153886687]Figure 6 - Process of Coal to steel production
(Pinar Mizrak Özfirat, 2018) suggest in their selection methodology that the distance the MHS is set over is the most critical element, therefore when considering conveyors, AGV’s and monorails they must be able to cover the 2mile distance in a suitable time, this prioritisation is illustrated in figure 7.
[image: ]
[bookmark: _Toc153886688]Figure 7- Priorities in MHS Selection
(Naenna, 2016) also found that using a multi criteria decision making model for conveyor choices used in a MHS gave great insight on how to choose the correct conveyor for the correct application. The model as shown in figure 8 consisted of 37 criteria that gave insight to the 4 main merits of Benefits, Opportunities, Cost and Risk, this then allowed for the most suitable conveyor to be selected. The model is particularly useful in that the multi criteria is in depth from both technical, improvements, cost, functionality and the implementation process of the new equipment. 
[bookmark: _Toc153886689]Figure 8 - Multi Criteria Decision Tool
(Nils Thylén, 2023)[image: ] Found implementing new equipment especially when people are removed from the process and then replaced by equipment and software can be difficult, this is in part due to the workforce accepting new [image: ]technology but also the risks that come with the interactions between human, technology and organisation working as one as illustrated in figure 9. 
[bookmark: _Toc153886690]Figure 9 - Human - Technology - Organisation Model
















Material Handling Equipment & Evaluations
Conveyors
Conveyors are widely used in industrial applications in particular mining of coal and aggregates, as displayed in figure 10 they also come in multiple designs such as chain conveyors, roller conveyors, belt conveyors, tow conveyors, gravity conveyors and vertical conveyors. (Daniel J. Fonseca*, 2004)
[image: ] [image: ] [image: ]
[bookmark: _Toc153886691]Figure 10 - Conveyor Types
The conveyors can be setup to either run continuously or asynchronous by which the conveyors run at set intervals, typically used when loading containers or large buckets and then moving onto the next load or unload station.
[image: ]The conveyor material choices are critical to the maintenance, life expectancy and uptime due to the wear rates that abrasive material such as coal bring. (International, 2019) demonstrated the need for wear resistant parts especially in conveyor beds with new considerations to items such as urethane liners with ceramic tile to ensure they meet the applications requirements, and the customers life expectancy needs.
(Piotr Bortnowski, 2022) explored the different types of conveyor failures and highlighted in figure 11 whereby the wear of the conveyor is clearly seen. This ongoing maintenance cannot be ignored when considering a conveyor for a MHS as there will be the requirement for regular scheduled maintenance that would require the process to stop unless a duty standby system is installed.
[bookmark: _Toc153886692]Figure 11 - Conveyor Failure Types

Keeping the material on the conveyors brings challenges as well as the dust that coal produces therefore there could be a justification for a dust suppression system such as chemical treatment or simply wetting the coal. (Xing Lu, 2022) explored the combustible nature of coal during transport and storage and found that over 20 million tonnes of coal are accidently burnt annually in China alone, this illustrates the need for good housekeeping during the transportation of the coal as any build up of dust around hot moving parts has the chance to combust and cause significant damage, downtime and cost.
Conveyors offer great opportunities in regard to the labour requirements to operate them, if loading and unloading can be automated by utilisation of hoppers it can allow for the system to be run with little to no extensive monitoring.
(Chakravarty2, 2022) explores the use of particle detection on coal conveyors belts as seen in figure 12 to highlight foreign objects that may have entered the coal during the mining process, this type of technology demonstrates the future of conveyer use as a MHS moving towards near autonomous operations with only a skeleton crew for maintenance and day to day problem solving. [image: ]
[bookmark: _Toc153886693]Figure 12 - Particle detection on coal conveyor

Automated Guided Vehicles (AGV’s)
AGV’s are used as a replacement for manual use of mobile equipment such as fork lift trucks, cranes, trains, dumper trucks and pallet trucks, they offer reliable and repeatable actions that follow set processes to ensure efficient movement of goods or raw materials by decreasing production costs, reducing delivery time, improving quality, and increasing customer satisfaction. (Mendes1, 2020)
[image: ]As demonstrated in figure 13 AGV’s come in many shapes and sizes therefore making their application very flexible and useful in MHS, their appeal to manufacturing and operational facilities has increased significantly as seen in figure 14. 
[bookmark: _Toc153886694]Figure 13 - Types of AGV
[bookmark: _Toc153886695][image: ]Figure 14 - Global Supply of AGVs










When considering whether and AGV application if fit for purpose for the manufacturing or production facility in question there are key elements we must consider. Below we review some of the considerations highlighted by (Vis, 2006) during their research into the design of AGV systems.
The flow path and the traffic management system must be closely reviewed and challenged due to the potential for collisions whilst in transit, we must create transport loops for the AGV’s to follow either by embedded guide wires, paint strips or self-guided vehicles that have been programmed to move in set sequences. The maintenance of the guide wires and paint strips must also be considered as the embedded wires are buried into the floor making maintenance difficult should there be an issue whereas continuous replacement of the paint for the guidelines require process downtime unless the AGV’s can be built with self-paint system whilst in transit. To demonstrate the complexity of such as system figure 15 shows a typical layout of a distribution centre with AGV’s.
[image: ]
[bookmark: _Toc153886696]Figure 15 - Distribution Centre Layout (Tuan Le-Anh *, 2006)
The vehicles must be able to acknowledge blockages, potential collisions, the need to wait, delay and release to ensure a smooth MHS process, these considerations are additional to ensuring the AGV can fulfil the purpose of the basic tasks of moving the raw material or goods selected.
AGV’s typically can operate in excess of 6 hours on one charge, (McHaney, 1995) presents three types of charging schemes: (1) opportunity charging—uses the natural idle time in an AGV’s cycle to replenish batteries, (2) automatic recharging—an AGV runs until its battery is depleted to a certain level and then the scheduler assigns this AGV for charging, (3) combination system—this is a combination of the previous two. These battery considerations must be represented in any MHS using AGV’s in particular the use of electricity and the infrastructure required to operate such a system as well as the space required for idle vehicle, recharging stations and faulty AGV’s.
Monorails
[image: ]Monorails are becoming popular amongst coal mines especially those that are vast and have underground and open pits, this is due to their flexibility to hold a different array of containers including the movement of people as displayed in figure 16. A monorail movement and distribution network offers opportunities at the coal production due to the reduction in non-value add activities which equate to 30% of available time such as moving people to the mine (K, 2010).
[bookmark: _Toc153886697]Figure 16 - Electric Monorail
The monorail systems allow for work to commence under them or for land to naturally grow under them which in turn helps the environment. We now see more examples of electro monorails being put into production for use in coals mines as they can be multi fuelled by electric when available, but should power be lost diesel generators switch on to maintain production. (P.A. Burke, 2007) The speed at which a monorail moves is also useful as they have variable speeds for different movement types, should material have to be moved it can operate up to 2.5m/s with vast amounts of material on board whilst with passengers at 1m/s making it flexible for mining operations. (Krzysztof Herbuś a, 2020)
We must also consider that a monorail can operate either on a single track or a loop which offers flexibility in its design but also adds additional cost should there be a requirement for a loop. The installation of a single track must consider the challenges of maintenance, storage of idle containers as well as the impact to the customer as no product would be sent during these times. 
A monorail does also offer the opportunity to mount solar panels to its frame which could potentially make the option more sustainable than others as it would be using green energy. This option would also require large battery storage to power such a large load and therefore cost would likely increase due to the infrastructure required for such an application.
A monorail would also require the extra equipment of the transport containers for the coal, these would need fire suppression as well as regular maintenance due to the abrasive nature of the coal, these containers also pose extra complications when considering the loading and unloading of the coal. Loading of the coal would need to be done from the side or larger containers used to fill from the top although unloading could be simplified by using doors on the bottom of the containers to unload at the steel mill, again this adds extra complexity to what should be a simple process.










Procurement process and considerations
Procurement of the equipment for a capital installation must be detailed in its approach and look at the operational process from start to finish with considerations to the capacity requirements, production schedules, bill of materials, spares lead times, cost of spares, quality and material of spares.
These areas fall under the companies material requirement planning system (MRP) but for this to be considered a useful tool and critical element of how the business operates to keep costs low, the inputs of the MRP must be detailed and developed with the operational, engineering, projects, safety, finance and purchasing departments to ensure all stakeholders opinions and expectations are considered and achieved.
The roles within the procurement process need to be agreed as this typically falls under the purchasing team’s remit. The key stakeholders need to have input to the system to ensure the correct process is followed, below are how some of these roles should be distributed amongst a business.
Operations – Deliver the master production schedule (MPS) to ensure throughput and demand are clear for procurement requirements. Operations also approve the management of change documents as the customer of the capital investment. 
Project Team – Provides the bill of materials for the new equipment (BOM’s) and ensure the correct quality and materials have been applied to the specifications. Develops the management of change documentation and processes to deliver them to the operations and engineering teams for approval.
Engineering – Defines the required spares, preferred suppliers, material, quality, inventory based on use and safety stock requirements. Engineering also approves the management of change documents as the owner of the new equipment moving forward.
Safety – Ensure the equipment meets required standards and used in a way that does not pose a risk to people or process. Will also audit the management of change process if required to ensure any changes are tracked and recorded.
Finance – Ensures the budget is kept for the purchasing of spares and equipment in line with the expectations of the business.
Purchasing Department – Takes the information from all of the stakeholders and sets the criteria in the MRP and looks to achieve as many of the targets set by the needs of the customer, business and process.
The strategy employed by these departments is set by the needs of the customer and the business strategy. For low cost pull systems, the strategy would typically operate a just in time (JIT) policy as per Toyota (Monden, 2005) with low stock volumes which requires the rate of production to be specified and accurate to ensure the pull rate is correct. In comparison an MRP system is a push system that requires accuracy in volume to ensure the materials and spares are correct based on the volumes produced such as the manufacturing of corrugated paper.









Overall Recommendations
The equipment considered in the previous literature gives insight to the different possibilities, although new technology is now available to make MHS more efficient, the criteria for picking the correct equipment is still scenario dependent. Certainly, when we consider the travel distance, load requirements and cost of equipment, the typically modern AGV’s and monorails although very intelligent do not offer the flexibility, simplicity, ease of maintenance, typically low capital cost and operational costs that a conveyor system would. Figure 17 shows how the process may look, conveyors now can operate in excess of the 2 miles we have specified so one conveyor would not an issue here.
[image: ]
[bookmark: _Toc153886698]Figure 17 - Process Example
[image: ]When I compare the options using some of the recommendations previously set out, I can determine by figure 18 that the belt conveyor would be the best recommendation for our example.
[bookmark: _Toc153886699]Figure 18 - Table of comparisons
For the example discussed I would add solar panels around the conveyor to capture as much green energy as possible to meet the requirements of the project as well as enclosing the conveyor to allow for coal damping if required, suitable ventilation and 
[image: ]a clean working environment. The enclosure would be coloured to blend in with local environments as show in figure 19 which would also supress noise from the process and reduce the visual impacts of the conveyor. 
[bookmark: _Toc153886700]Figure 19 - Blended colour warehouse example

For the procurement of the conveyor system, I also consider that this would be the easiest equipment to purchase and setup a suitable BOM, inventory limits and MRP based on the regular volumes required by the steel mill. The parts of the conveyor would be far less than an AGV or monorail, with many of the parts being standardised in terms of bearings, motors, belts, conveyor beds and rollers which would be fully replaceable with minimum inventory.
The safety element of the conveyor is far more manageable and with many examples in the industry that include safety circuits, emergency stop procedures and adequate operator guarding this again offers the best option for the procurement process. AGV’s and monorails would typically require specialist maintenance or software support from an external supplier which again would add cost and have to be considered in the procurement phase.
[image: ]To conclude, with the expectations of the house of quality in figure 20 I believe installing a belt conveyor would meet the criteria of the project, satisfy the voice of the customer, give a low-cost manageable option supported by a structured yet simple MRP from a procurement perspective.
[bookmark: _Toc153886701]Figure 20 - House of quality
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