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Abstract

Efficient materials handling systems are pivotal in mining operations, impacting productivity,
safety, costs, and environmental sustainability. This report explores the significance of such
systems in optimising coal transportation from extraction to a steel company. The selection of
a material handling system emphasises on reducing downtime, minimising waste, and
enhancing safety standards. Compliance with 1SO 12100:2010 and the ATEX directive is
essential due to the industry's inherent hazards and potential for explosive atmospheres.

Three transportation options, conveyor systems, pipelines, and rail, are evaluated for
their suitability in the newly planned deep coal mine, considering factors such as cost,
environmental impact, adaptability, safety, and compliance. A weighted decision matrix
outlines the evaluation, concluding that pipelines slightly present the most advantageous
solution based on their superior performance in safety, environmental impact, and reliability.

The report delves into consideration during the procurement process, including budget
analysis, technical specifications, environmental impact assessments, and vendor reputation.
It suggests a hybrid approach of integrating conveyor belts and rail transport.

The recommendations advocate for a hybrid solution to optimise efficiency, reduce
environmental impact, and comply with transportation restrictions. Prioritising rail transport,
investing in energy-efficient technologies, ensuring robust safety measures, and engaging
reputable vendors align with the overarching goal of establishing an effective and compliant
materials handling system for the deep coal mine.

Abbreviations

Atmosphéres Explosibles (ATEX)
Total Cost of Ownership (TCO)
Return on Investment (ROI)

Key Performance Indicators (KPIs)
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Introduction

The mining industry's sustainability hinge significantly on the efficiency of materials
handling systems. These systems play a pivotal role in streamlining operations, ensuring
safety, curtailing costs, and mitigating environmental impact. In this report, we delve into the
critical importance of an optimised materials handling system, specifically focusing on the
transportation of coal from extraction points to a steel making company 2 miles away.

New Coal Futures have recently been given planning permission to open and operate
a new deep coal mine. A two-mile-long material handling system will be installed to supply
coal to a local steel company. The system does not include planning permission for road
transportation, so road transportation is prohibited. Furthermore, the environmental impact of
mining activities is a growing concern, demanding strict adherence to regulations and
sustainable practices. A well-designed materials handling system should minimise emissions,
reduce landscape disturbances, and ensure compliance with environmental standards,
fostering better relationships with local communities by minimising disturbances such as
noise pollution and visual intrusiveness.

This report aims to critically evaluate three primary material handling options against
a set of key criteria. The comprehensive assessment considers factors such as cost-
effectiveness, environmental impact, operational efficiency, adaptability to varying terrains,
transport capacity, safety, reliability, and regulatory compliance. By employing a weighted
decision matrix, this evaluation aims to provide valuable insights into the most suitable and
efficient materials handling system for the newly planned deep coal mine.
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Materials Handling Consideration

An efficient materials handling system is fundamental in the mining industry due to its
crucial role in optimising operations, enhancing safety, reducing overall costs, and ensuring
environmental sustainability.

A well-designed materials handling system will streamline the movement of raw
material, such as coal, from extraction through to the end location of the steel company.
Productivity is directly impacted as downtime is reduced, minimising bottlenecks in the
production process.

Furthermore, efficient handling systems minimise waste, energy consumption, and
resource usages. Optimised transportation routes and methods can result in reduced
operational costs that are related to labour, fuel, and maintenance (Alizon, et al., 2009). The
system becomes critical to ensure the timely and effective movement of materials as
conventional transportation methods such as road transport cannot be used.

Safety is enhanced, which is crucial in the mining industry as it is known to be an
inherently hazardous environment (Du, et al., 2023). A carefully designed materials handling
system minimises risks, as specified in the 1ISO 12100:2010 standard which outlines
principles of risk assessment and risk reduction to assist engineers in achieving this objective
(ISO: the International Organization for Standardization, 2022). The ATEX directive is
highly relevant here due to the potential presence of explosive atmospheres caused by gases,
vapours, or dust. Drilling, blasting, and handling coal can generate these hazardous
conditions. Compliance with the ATEX directive is crucial to ensuring the safety of workers.
A This promotes a safer workplace for employee and reduces the chances of accidents which
is vital when dealing with heavy machinery, and transportation.

A well-planned materials handling system can help mitigate the adverse effects that
can be caused through mining. A reduction in emissions and landscape disturbances can be
achieved. The system can ensure compliance with the various environmental and safety
regulations to reduce the risk of fines and legal issues. Ensuring compliance will positively
impact relationships with the communities as noise pollution, visual intrusion, and other
disturbances are reduced.

Coal demand can vary which will drive variations in extraction rates so a system that
offers scalability and adaptability to these changes in demand will need to be considered.
However, less frequent maintenance should be considered alongside this to reduce downtime,
and overall reliability.
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Material Handling Options and Evaluation

Three options are to be evaluated for the materials handling system operating in the newly
planned deep coal mine. As road transport is prohibited, the three options to be evaluated are
conveyor systems, pipelines, and rail.

The coal can be transported with conveyor belts from the extraction point to the steel
company located two miles away. The conveyor system mining method will utilise a
longwall mining to extract coal within the deep mine. A conveyor belt can be advantageous
as it provides a constant flow of coal which is ideal for large volumes (Guo, et al., 2022). It is
assumed that as the mine is feeding a steel company that large quantities will be required.
The conveyor belts can also be adapted to various terrains, offering flexibility in installation.
As the coal is transported over two miles, various terrains are likely to be a problem.
Conveyor systems can also reduce environmental impact as it is a controlled transportation
method that can minimise spillage and dust emissions. The negative side of conveyor systems
are the costs associated with installing the infrastructure, especially over large distances
(Jnony & Fuk Jin, 2020). They also require regular maintenance with ongoing monitoring to
ensure efficient operation.

Pipelines can be used to move the coal in slurry form at high volumes with minimal
energy consumption. A room and pillar mining technique are used to extract the coal. A
massive benefit for New Coal Futures with this method is that the visual and environmental
impact is reduced, and the pipelines will be installed underground (Jati, et al., 2021). Once
installed, the pipelines will have lower operational expenses than other forms of
transportation. Some of the challenges with transportation via pipelines is that it can be
extremely expensive over long distances. It will also require managing of the coal slurry for
consistency and quality through regular tests (Prasad, et al., 2022). This can be achieved by
preparing the coal prior to crating the slurry by crushing, screening, and washing to remove
the impurities whilst also maintaining a consistent ratio of coal to water and particle size to
prevent blockages. Additives or chemicals can be utilised to enhance the properties of the
slurry. There is also limited adaptability to changes in demand or geography, pipelines might
have constraints.

The final method to be evaluated is rail systems to transport coal from the mine to the
steel company. A combination of longwall mining along with room and pillar methods can be
used to extract coal. Existing transport system can be utilised for coal delivery when using
rail networks. Rail systems can accommodate varying volumes of coal, they can be adapted
to changing demands, and can lover long distances efficiently (Kunroo & Alam, 2021).
However, the initial set-up of the infrastructure is substantial especially if it is for exclusive
use. Once constructed it is difficult to adapt but can also be difficult to set-up in the first
instances over difficult terrains. Trains also come with noise and visual pollution.

Criteria will be used to evaluate each of the material handling options against. The
cost effectiveness evaluates the initial investment and ongoing operational costs associated
with each transportation method. Given the restrictions on road transport and the need to
minimise the visual intrusiveness, assessing the environmental impact of each option is
essential. This will consider surface disturbance, emissions, and overall ecological footprint.
Efficiency of each of the system will be considered to ensure the consistent and timely
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delivery of the coal. Each systems adaptability to different terrains and potential obstacles |
also crucial for the seamless transportation as the mining site and route for transportation will
have varied landscapes as the system is over two miles. The volume of coal that will need to
be transported is another significant factor, the system capacity as well as how the system can
handle varying volumes is considered. In any mining operation, safety is paramount. The
safety measures and reliability of the system will need to be assessed to ensure the protection
of the workers. Finally, compliance with environmental, safety and other relevant regulations
is essential. The criteria consider the ability of each of the systems to meet and adhere to
regulatory standards.

A weighted decision matrix is being used as it provides clarity and consistency in decision
making whilst also prioritising various criteria. The weights assigned to each criterion
emphasises the importance of certain factors, a percentage is allocated. This process is
transparent and allows stakeholders to understand how each factor contributes to the final
decision. A scoring system 1-10 is used, 1 being the lowest and 10 being the highest. The
ratings are decided based on performance or suitability and if there are any significant
limitations and inefficiencies in comparison to other options.

Conveyors Rail Pipelines
Criteria Weightage Rating Total Rating Total Rating Total
Cost Effectiveness 15% 8 1.20 6 0.90 6 0.90
Environmental 17% 8 1.36 8 136 10 1.70
Impact
Operational 16% 8 112 8 112 6 0.84
Efficiency
Adaptability to 10% 6 0.60 6 0.60 8 0.80
Terrain
Transport Capacity 16% 8 1.28 10 1.60 8 1.28
Safety and 0
Reliability 16% 8 1.28 8 1.28 10 1.60
Regulatory 12% 6 0.72 8 0.96 6 0.72
Compliance
Totals 7.56 7.82 7.84

Table 1 - Weighted Decision Matrix

The results of the decision matrix shown in table lindicates that pipelines will be the best
option overall based on the weighted evaluation of the criteria. This suggests that, overall,
advancements in pipeline technology for coal slurry transport aligns better with the specific
priorities and constraints of New Coal Futures and the steel company.

Conveyor belts do offer good operation efficiency, reasonable cost effectiveness, and safety
but they are worse that other options for environmental impact, regulatory compliance, and
adaptability to terrain. The rail transport offers excellent capacity, and average safety
compliance. However, it struggles with cost effectiveness and adaptability to terrain.
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Pipelines main strengths are in areas with the greatest weightage such as environmental
impact, safety, and reliability. However, it also shares challenges with rail for cost
effectiveness but also operational efficiency. Another consideration should be for a hybrid
solution for the integration of multiple transport systems or hybrid approaches which
combine multiple systems to optimise the efficiency and minimise environmental impact
(Carr, et al., 2021).
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Procurement Decision Issues

Procuring a material handling system involves many considerations to ensure its
effectiveness, compliance, and alignment with the company's goals. A major consideration is
the budget and cost analysis. The initial costs and the long-term costs such as maintenance,
repairs, energy consumption, potential expansion or upgrades should be evaluated. A more
efficient system might justify a higher initial cost. Assess the total cost of ownership (TCO)
over the expected lifespan of the system. This includes acquisition costs, operational costs,
maintenance, and any other associated costs. The most cost-effective option can be
determined by comparing TCO (Heilala, et al., 2007). The return on investment (ROI) should
be calculated. The payback period needs to be assessed to consider whether the benefits
outweigh the initial investment within an acceptable timeframe. The entire life cycle should
be considered, including depreciation, obsolescence, and potential end-of-life disposal. The
company must also evaluate whether capital expenditure or leasing/financing options might
be more suitable based on budgetary constraints. Detailed quotations from potential vendors
should be requested, ensuring comprehensive breakdowns of costs. The quotes can be
compared along with the features and benefits offered by each system. Discounts, reductions,
or favourable terms can be negotiated.

The technical specification is a crucial consideration, the capacity and throughput
should be defined but it should consider peak and averaging demands. The system speed
capabilities need to be assessed and defined considering factors like conveyor belt speed,
train velocity, or pipeline flow rate. Coal characteristics, such as size or moisture must be
assessed, also how well the system accommodates these variations without compromising
efficiency or causing blockages. The technical specification should detail safety aspects, such
as the required safety performance level, emergency shutdown mechanisms, and compliance
safety standards specific to the mining industry. Provide basic designs and layouts to show
how the system can navigate different terrains. The components should be detailed to ensure
reliable components are used. The technical document should be accurate as any errors at this
stage can have a huge impact on the project as a whole (Juszczyk, et al., 2014).

The company should also evaluate the system's environmental footprint, including
emissions such as exhaust or energy sources, they need to consider technologies or fuels that
minimise emissions (Varnés, et al., 2009). Also, energy consumption, land use, noise
pollution, and potential effects on surrounding ecosystems. Ensure compliance with
environmental regulations, assess the risk of water contamination or spills from the system.
Identify opportunities for incorporating eco-friendly technologies, renewable energy sources,
recycling practices, or environmental mitigation measures to reduce the system's
environmental footprint.

Vendor reputation and support are crucial factors when procuring a material handling
system. Evaluate the vendor's history, experience, and track record in providing material
handling systems, especially within the mining industry. The company must assess the
vendor's expertise and understanding of the mining sector's specific requirements and
regulations. Experienced vendors bring insights into industry best practices and innovative
solutions. Analyse the vendors after sales and technical support or maintenance capabilities
(Humphreys, et al., 2005). Verify whether the vendor offers training sessions for operators.
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Evaluate their financial standing, ongoing projects, partnerships, and their ability to support
the system throughout its lifecycle. Verify the vendors compliance with safety, quality, and
environmental standards by undertaking audits.

Identify potential risks associated with equipment procurement, such as technological
obsolescence, supply chain disruptions, or unexpected costs. Contingency plans will need to
be developed to mitigate identified risks and ensure continuity in case of unforeseen
challenges (Gallego-Garcia, et al., 2021).

Develop a realistic timeline for equipment procurement, installation, and
commissioning, aligning with project milestones and operational needs. Assign
responsibilities, create a project plan, and establish clear communication channels to ensure
that all vendors meet the deadlines set out in the project plan.
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Recommendations

The first recommendation is to propose a hybrid solution which integrates conveyor belts and
rail transport for coal transportation. The conveyor belts can be utilised for the short distance
handling within the mine over to a centralised rail loading area. A two-mile long rail
transportation system can be implemented to transport directly to the steel plant. This hybrid
approach balances efficiency, cost-effectiveness, and compliance with the no-road
transportation condition.

Another recommendation is to prioritise rail transport but investing in rail systems
that are tailored for coal transportation. The capacity of rail assists in reducing reliance on
road transport, this aligns with the no-road transport conditions put in place but ensures
efficient bulk transportation. Energy efficient solutions should be explored such as rail
systems powered by cleaner energy sources or with optimised energy consumption. This
could be utilising electric trains powered by renewable energy or utilising overhead lines or
onboard battery systems. Another alternative could be a hybrid train combining diesel and
electric which uses regenerative braking systems to capture and store energy during braking
which can be re-used for acceleration. Smart control systems can also be installed to optimise
train speed, acceleration, and braking, reducing energy wastage to enhance overall efficiency.

Robust safety measures must be enlisted, ensuring detailed emergency shutdown
mechanisms are introduced, tested, and recorded in adherence to industry safety standards.
Comprehensive risk assessments need to be conducted by trained and competent personnel to
identify potential hazards. A risk management plan should be developed to outline mitigation
strategies and preventive measures. Strict PPE guidelines are to be enforced with regular
checks for proper use and maintenance. Regular inspection and maintenance for the safety
systems including emergency stop buttons, interlocks, and alarms. Detailed emergency
response plans should be developed for various scenarios, including equipment malfunction,
fire, spills, or personnel injuries with regular drills and simulations being carried out. Routine
inspections and audits need to be carried out of equipment, infrastructure, and work areas to
identify potential safety hazards or malfunctioning components.

Engage early with reputable vendors with a proven track record in providing rail
transport systems or integrated conveyor and rail solutions. However, prioritise vendors
offering comprehensive after sales support, and maintenance services. This can be done by
conducting extensive market research to shortlist vendors based on reputation, experience,
track record, and alignment with the project needs. Evaluate the vendor proposals based on
criteria experience, credentials, previous projects, and financial stability. Background checks
should be undertaken, verifying references, and assessing the vendors adherence to safety and
quality standards. Ensure the vendors have accredited such as ISO 9001 & 1SO 14001 but the
company should also undertake their own quality audit on the vendors. Initiate contract
negotiations with selected vendors, ensuring all terms, deliverables, timelines, and
performance indicators are clearly defined. Establish key performance indicators (KPIs) and
metrics to monitor vendor performance throughout the engagement, review regularly.

Finally, the company should strictly adhere to all relevant regulations, safety
standards, and environmental guidelines. Maintain thorough documentation of compliance
records, certifications, and permits related to the selected system.
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