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4. Introduction 
This report evaluates the maintenance practices for a Bucket-Wheel Reclaimer (BWR) at 
Port Talbot steelworks, focusing on enhancing operational reliability and efficiency. It’s aim 
is to assess the effectiveness and cost-efficiency of current maintenance strategies, 
comparing them against industry benchmarks to pinpoint improvement opportunities and 
recommend practical solutions. 
Port Talbot steelworks, a major UK steel producer, outputs over 5 million tonnes annually, 
contributing significantly to the global steel market with a variety of products for sectors like 
construction, automotive, and aerospace. (Tata Steel Europe, 2022) 
The BWR at Port Talbot is integral to the steel production process, handling the primary bulk 
raw materials (iron and coal) required for ironmaking. operating under harsh conditions 
characterized by heavy loads, abrasive materials, and continuous usage, the BWR's 
performance is critical to maintaining the efficiency and output of the entire operation. Key 
performance indicators (KPI) for the BWR include Asset Availability, Reclaim Rate, Energy 
usage, and maintenance cost-effectiveness. 
The BWR, crucial for managing key raw materials under demanding conditions, impacts the 
plant's overall productivity. Its performance metrics include Asset Availability, Reclaim Rate, 
Energy Usage, and Maintenance Cost-Effectiveness. 
The maintenance team as shown in Figure 1 is organized to ensure thorough task execution. 
This structure, alongside coordination with operations, scaffolding, tribologists, and supply 
chain departments, ensures maintenance aligns with production needs and resource 
availability. 
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Figure 1 - Organisation Chart 

 

4.1. Aims and Objectives 
1. Map the current maintenance practices for the BWR at Port Talbot steelworks. 
2. Analyse current maintenance and operating data and effectiveness. 
3. Suggest improvements based on the latest trends and technologies. 
4. Evaluate the feasibility and potential impacts of the proposed improvements. 
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5. Critical Review of Current Maintenance Practices 

5.1. Equipment information 
The Bucket-Wheel Reclaimer (BWR) is essential for handling bulk materials in industries like 
mining and ports, designed to reclaim materials from stockpiles for consistent mix delivery 
direct to furnaces. This 2,000-tonne-per-hour reclaimer, commissioned in 1973 by Babcock 
Moxey, was initially designed with a 35-year lifespan. However, through various upgrades 
including structural component replacements, hydraulic systems enhancements, bucket 
wheel assembly modifications, slew bearing updates, and improvements to the long travel 
drives, its operational life has been significantly extended. 
The BWR is comprised of seven main components, each integrating complex mechanical, 
electrical, and control systems. 
 

Figure 2 – BWR Schematic 

 

1. Bucket Wheel 
2. Boom Conveyor 
3. Hopper and Feeder 
4. Slewing System 

5. Luffing System 
6. Long Travel System 
7. Yard Conveyor

 
 

5.2. Current Performance 
Understanding current performance is crucial for identifying areas of inefficiency and 
potential improvement within the maintenance practices of a bucket wheel reclaimer. By 
examining key performance indicators (KPIs) such as OEE, Operation and Maintenance 
costs; organizations can gain a comprehensive view of their equipment's productivity, 
reliability, and cost-effectiveness. (Moubray, 2001) 
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The Deterioration-Initiation-Propagation-Failure (DIPF) curve as shown in Figure 3 is a critical 
tool in understanding and improving reliability, as it visually represents the lifecycle of a 
component's degradation over time. This curve allows maintenance professionals to identify 
key stages in the lifecycle of equipment: from initial deterioration, through the initiation of a 
detectable defect, its propagation, and ultimately to failure. By analysing the DIPF curve, 
organizations can strategically plan maintenance activities to intervene at the most effective 
points, potentially during the initiation phase before a defect begins to propagate 
significantly. (Jardine & Tsang, 2021)  suggests a proactive approach to maintenance, 
supported by predictive analytics and condition monitoring, can significantly enhance the 
reliability of equipment by preventing failures before they occur, thus minimizing downtime 
and associated costs. 

 

Figure 3 - DIPF Curve (Lara de Leon, et al., 2024) 

 

5.2.1. Current OEE 
The current OEE of the bucket wheel reclaimer is an essential metric, combining availability, 
performance efficiency, and quality rates to gauge overall equipment productivity 
(Nakajima, 1988). 
Table 1 reveals that the BWR's poor availability in 2021 and 2023 led to decreased 
performance and quality. To maintain production during downtime, mobile reclamation 
plant was hired, and material was reclaimed manually from stockpile bases. This resulted in 
lower reclaim rates and reduced material quality, the latter due to increased water content 
at the stockpile bases. 
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Table 1 - OEE Data 

 

5.2.2. Current Operation Costs 
Operation costs encompass energy costs, manpower, machinery hire, and other day-to-day 
expenses required to keep the BWR operating. (Mobley, 2002) suggests these costs can be 
high due to inefficiencies in operation and maintenance strategies. Analysing OEE data from 
Table 1 alongside operation costs from Table 2 reveals a clear correlation: lower OEE values 
are associated with higher unplanned operating costs, primarily due to the added expense 
of hiring mobile reclamation plants during BWR downtime. 

Table 2 - Operation Cost Data 

 

5.2.3. Current Maintenance Costs 
Maintenance costs include routine and corrective maintenance expenses. (Mobley, 2002) 
suggests high maintenance costs often indicate frequent breakdowns or inefficient 
maintenance practices. Table 3, displaying maintenance costs over the past four years, 
indicates a direct correlation: decreased availability leads to increased unplanned 
maintenance costs. 

Table 3 - Maintenance Cost Data 

 
 

  

 2020 2021 2022 2023 

Performance 82% 54% 80% 55% 

Availability 80% 50% 79% 51% 

Quality 87% 55% 88% 54% 

OEE 57% 15% 56% 15% 

 

 2020 2021 2022 2023 

Planned £2.5m £2.7m £2.7m £2.7m 

Unplanned £0.5m £1.6m £0.8m £1.7m 

Total £3.0m £4.3m £3.3m £4.4m 

 

 2020 2021 2022 2023 

Planned £1.0m £1.2m £1.2m £1.2m 

Unplanned £0.1m £0.5m £0.1m £0.4m 

Total £1.1m £1.7m £1.3m £1.6m 
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5.3. Review of current maintenance practices 
The maintenance framework for the BWR is comprehensive, encompassing some frequency-
based preventive, condition based preventative, and reactive unplanned strategies. Table 4 
outlines the maintenance activities categorized by their nature and frequency, allowing for a 
clear understanding of the current maintenance regime.  
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Table 4 – BWR Planned Maintenance Activities 
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5.3.1. Preventive Maintenance 
Preventive maintenance aims to conduct regular maintenance and inspections to avert 
equipment failures proactively. As noted by (Palmer, 2019) , such maintenance significantly 
reduces unplanned downtime.  

5.3.2. Visual Inspections 
Daily visual inspections of the BWR components by the area inspector, conducted while the 
machine is operational, form a key part of preventive maintenance. This approach ensures 
prompt detection of new or worsening issues, (Moubray, 2001) talks about this activity as 
confirming the machine's safety for operation. 

5.3.3. Physical Maintenance 
Physical maintenance of the BWR's major components is scheduled every 24 weeks, 
performed by maintenance technicians, and requires scaffolding for component access, 
requiring the machine to be temporarily out of service. Additionally, monthly 
supplementary maintenance targets long travel assemblies and common wear items. These 
practices are in line with preventive maintenance objectives to service and maintain 
equipment proactively to prevent failures, a concept supported by (Jardine & Tsang, 2021) 
Following a strict maintenance schedule enables systematic management of wear and tear, 
extending the machinery's lifespan. Figure 4 shows a snapshot of some of the maintenance 
tasks that are completed during the monthly maintenance task inspection (MTI). Figure 5 
shows a snapshot of some of the maintenance tasks that are completed during the 24 
weekly MTI. 
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Figure 4 - Monthly MTI Pro-forma 
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Figure 5 - 24 Weekly MTI Pro-forma 

 

5.3.4. Predictive Maintenance 
Predictive maintenance utilizes data analysis to foresee equipment failures, facilitating pre-
emptive interventions. (Mobley, 2002) champions this method, emphasizing condition 
monitoring's role in enhancing maintenance scheduling and resource optimization. 
Monthly tribological assessments are performed on the BWR to detect lubrication and wear 
issues in its moving components. (Bhushan, 2013) details how gearbox oil condition reflects 
the condition of internal gears and bearings, noting that component degradation alters oil 
properties through contaminants like water and ferrous material. Figure 6 shows an oil 
condition report for a department gearbox. 
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Figure 6 - Oil condition report 

 
Weekly Vibration analysis is completed on most BWR components as a predictive 
maintenance tool. (Girdhar, 2004) identifies vibration analysis as crucial for detecting 
equipment behaviour anomalies that could indicate potential failures. They note an increase 
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in vibration due to mechanical looseness as components wear down, making it a reliable 
indicator of asset condition. Figure 7 shows a snippet of a vibration monitoring report for 
some department gearboxes. 

Figure 7 - Vibration Report 

 
Weekly temperature monitoring is performed to detect overheating, a symptom of 
potential failure. This predictive maintenance strategy, as emphasized by (Sachs, 2019), is 
crucial for early detection and prevention of equipment issues. Figure 8 shows a snippet of a 
thermal report for some department gearboxes. 

Figure 8 - Thermal report 

 
 
In conclusion, the combination of these practices is in line with predictive maintenance 
strategies, enabling maintenance teams to act before operational impact, as discussed by 
(Williams, et al., 1994). 

5.3.5. Reactive Maintenance 
Reactive or corrective maintenance is undertaken after equipment failure. (Mobley, 2001) 
describes this approach as sometimes necessary but generally the least efficient, due to its 
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unpredictability and the high costs from production losses. (Higgins, et al., 2008) further 
detail how this maintenance type negatively affects the KPI- Availability. 

5.4. Benefits and Drawbacks of Current Practices 
The current methods of maintenance offer many benefits and drawbacks,  

5.4.1. Benefits 
 Regular preventive maintenance significantly decreases the chance of unexpected 

breakdowns, contributing to more reliable operations (Mobley, 2001). 
 Early identification of potential issues through regular maintenance prevents the 

escalated costs linked to emergency repairs and production stoppages (Girdhar, 
2004) 

 Properly maintained equipment operates more efficiently, consuming less energy for 
the same output. (Firdaus, et al., 2023) 

 Condition Monitoring provides visibility of the BWR's condition, enabling more 
informed decisions that minimize the risk of unforeseen failures, thereby improving 
reliability and availability. (Jardine & Tsang, 2021) 

5.4.2. Drawbacks 
 A comprehensive maintenance program for the BWR necessitates significant 

investment in time, personnel, and resources.  
 Predictive maintenance effectively demands specialized skills and training, 

potentially creating skill gaps in the maintenance workforce, as (Smith & Hawkins, 
2004) highlight. 

 Sourcing spare parts for older or specialized machinery like the BWR poses 
challenges due to limited availability, resulting in extended downtimes for repair. 
(Gopalakrishnan &  Banerji, 2004) 

 Although preventive and predictive maintenance is perceived as more cost-effective 
than reactive maintenance due to lower production losses, it requires a greater 
financial commitment within maintenance budgets. (Mobley, 2002) 

 Current condition monitoring is not “live” and does not detect issues in real time, 
and therefore cannot fully protect the asset from failure. 

 Frequency based maintenance may result in replacing components prematurely 
(Davies, 2012) 

 Current maintenance requires asset to be non-operational for a period of 12 hours 
every week, to complete condition monitoring. 

 Only some BWR components have condition monitoring, the main bucket drive 
assembly does not due to access restrictions. 

 Current Condition Monitoring relies on a person to collect the samples or data, if 
that person is unable to complete the task, then it would result in missing data, and 
potentially a detectable failure going unnoticed. 
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5.5. Justification 
Numerous justifications support the existing maintenance approaches for the BWR. The 
foundational level of maintenance is mandated by health and safety legislation, with 
enhanced requirements stemming from performance standards and accreditation needs. 
(Swanson, 2001)  suggests the most effective maintenance practices are adopted by mature, 
leading organizations that employ data-driven decision-making. Such entities enhance 
efficiency and achieve long-term sustainability by integrating advanced maintenance 
strategies, including real-time condition monitoring and predictive maintenance.  

5.5.1. Legal Obligations 
The maintenance strategy for the BWR adheres to a broad spectrum of legal requirements, 
ensuring compliance with several key regulations. These include the Health and Safety at 
Work Act 1974 (HASWA), Lifting Operations and Lifting Equipment Regulations 1998 
(LOLER), Electricity at Work Regulations 1989 (EAWR), Workplace Health, Safety and 
Welfare Regulations 1992, and Pressure Systems Safety Regulations 2000 (PSSR), among 
others. 
Additionally, the Provision and Use of Work Equipment Regulations 1998 (PUWER) mandate 
that all work equipment, encompassing machinery, tools, and apparatus, must be suitable 
and safe for intended use, maintained in a safe condition, and undergo regular inspections 
to verify proper installation and maintenance. This ensures equipment does not degrade in 
performance or safety. According to the (Health and Safety Executive, 2018), adhering to 
these guidelines through regular visual and physical inspections, along with subsequent 
maintenance activities, fulfils the legal obligations set out by the regulations. 

5.5.2. Contractual Obligations  
Compliance with standards is not just ‘best practice’ or ‘industry standard’, but also a 
contractual requirement from our customers in the automotive and construction industries. 
Regular audits are conducted by our customers to ensure that we are adhering to the 
standards, we also conduct similar audits of our suppliers for the same purpose. 
An example of some of the ISO standards we work to are; 

5.5.2.1. ISO 55000, 55001 & 55002: Asset Management Systems 
The ISO 55000 series outlines a comprehensive framework for effective asset management. 
Applying these standards requires developing maintenance strategies in concert with long-
term organizational goals, prioritizing activities based on risk, and focusing on optimizing 
assets' lifecycle costs for greater long-term value  (Jardine, et al., 2016). This approach 
promotes a culture of continuous feedback and learning, essential for adapting to 
operational shifts and sustaining asset-intensive operations. Ultimately, adherence to ISO 
55000 standards transforms maintenance from a reactive task to a strategic asset 
management pillar, driving both performance and value throughout assets' lifecycles. 
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5.5.2.2. ISO 50001: Energy Management Systems 
ISO 50001 emphasizes energy efficiency within an organization's management system, 
indirectly influencing maintenance practices. It requires regular maintenance to keep 
equipment and systems operating at optimal energy efficiency and contribute to the 
continuous enhancement of energy usage. (International Standards Organisation, 2018) This 
includes identifying and correcting issues like friction losses, leaks, or insulation degradation 
that lead to increased energy consumption. (Oung, 2016) argues accurate documentation 
and communication of maintenance activities is key for energy performance monitoring. 

5.5.3. Data analysis 
To justify the current levels of maintenance, we regularly review and analyse the 
quantitative and qualitative data shown in Table 5; 
 

Table 5 - Data Sources for analysis 

 

5.5.3.1. Condition Monitoring Data 
Condition monitoring data plays a crucial role in justifying the extent of maintenance 
activities for the bucket wheel reclaimer. This data enables the identification of wear, 
degradation, or signs of impending failure through anomalies in vibration patterns, 
temperatures, and other condition indicators, making a strong case for pre-emptive 
maintenance interventions. This proactive approach ensures that maintenance efforts are 
efficiently targeted, optimizing resource utilization and reducing unnecessary actions. 
Condition monitoring data allows for timely and targeted maintenance interventions, 
circumventing the costs tied to unplanned downtime and extensive repairs. The economic 
benefits of condition-based maintenance, when weighed against the potential financial 
losses from equipment failures, provide a compelling justification for the investment in and 
execution of these maintenance strategies. 

5.5.3.2. Overall Equipment Effectiveness (OEE) Data 
An improvement in OEE over time can serve as a justification for the current maintenance 
strategies employed. 
OEE Availability data reflects the impact of maintenance activities on equipment availability. 
A reduction in unplanned downtime can often be attributed to effective preventive and 

Quantitative Qualitative 

Condition Monitoring Data Operation Reports 

Downtime & OEE Data Maintenance Reports 

Planned Maintenance Costs  

Unplanned Maintenance Costs 

Energy Efficiency 
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predictive maintenance practices. As detailed by (Palmer, 2019), analysing downtime data 
helps identify maintenance strategies that minimize disruptions and optimize equipment 
availability. By comparing periods of high downtime against maintenance records, it’s 
possible to adjust strategies to address recurrent issues. 
OEE Performance indicates whether a piece of equipment is operating at its maximum 
capacity. Regular maintenance and calibration can prevent performance degradation, 
justifying the maintenance strategy through sustained or improved performance levels. 
Maintenance practices significantly impact output quality by ensuring equipment operates 
within set tolerances, reducing defects or rework.  (Wireman, 2004) highlights how strategic 
maintenance boosts production efficiency and reliability. 
(Kennedy, 2017) supports using OEE as a key metric in Total Productive Maintenance (TPM), 
directly linking maintenance to equipment effectiveness improvements. (Ng, et al., 2015) 
show empirical evidence of maintenance enhancing OEE metrics. However, OEE analysis 
primarily examines past performance, capturing losses already incurred, which may seem 
like a limitation due to its retrospective nature. Despite this, historical OEE data can reveal 
patterns, such as recurring equipment issues, enabling maintenance teams to forecast and 
pre-empt future failures. This predictive, data-driven strategy facilitates continuous 
maintenance refinement, enhancing overall operational efficiency and financial 
performance. 
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6. Evaluation of improvement opportunities 

6.1. Target Performance 
The analysis of planned maintenance costs contributes to understanding the Total Cost of 
Ownership (TCO) of the bucket wheel reclaimer. TCO includes purchase price, operation, 
maintenance, and eventual disposal costs. Efficient planned maintenance strategies can 
significantly reduce TCO by extending the useful life of the equipment and optimizing its 
operational efficiency. According to (Agustiady &  Cudney, 2016)   a well-executed 
maintenance plan directly influences TCO by mitigating the need for costly emergency 
repairs and replacements. 
 
One target is to improve the OEE by reducing downtime, enhancing performance efficiency, 
and ensuring high-quality operations. (Muchiri, et al., 2011) indicate a target OEE increase of 
10-20% is considered achievable with the implementation of advanced maintenance 
strategies such as remote condition monitoring. 
 
Reducing operation costs by optimizing reclamation rates, improving operator efficiency, 
and minimizing idle times is a key goal. (Mobley, 2002) states a target reduction of 5-15% in 
operation costs is realistic with streamlined processes, more reliable equipment, and 
improved equipment efficiency. 
The primary rationale for planned maintenance is to prevent equipment failures before they 
occur, aiming to minimize unplanned downtime and associated costs. As detailed by 
(Jardine & Tsang, 2021) the cost of planned maintenance must be balanced against the costs 
of potential failures, including the direct costs of repairs and the indirect costs of downtime.  
Industry benchmarks and case studies suggest that lowering maintenance costs by 10-25% 
through the adoption of proactive maintenance strategies is achievable. (Mobley, 2002) 
 
Energy efficiency is a vital metric for the BWR, signifying the machine's capability to convert 
energy into work efficiently. Given the significant energy usage, even minor efficiency 
enhancements can result in considerable cost savings and environmental advantages. 
Maintenance ensures optimal operation of all machinery components, decreasing energy 
consumption. Activities like lubrication, alignment, and part replacement can lower friction 
and resistance, necessitating less operational energy. This link between maintenance and 
reduced energy use underscores the value of regular and preventive maintenance. 
(Firdaus, et al., 2023) suggests analysing energy efficiency before and after maintenance 
interventions can demonstrate these activities' effectiveness. 
 
Analysing operator or operation reports is key to justifying and refining maintenance 
strategies for a bucket wheel reclaimer. These reports, filled with both qualitative and 
quantitative insights from personnel directly engaged with the equipment, offer valuable 



David Adams 1908506  Plant & Asset Engineering ACMA6007 

Maintenance Strategy Effectiveness  Page 22 of 42 

feedback on operational performance, encountered issues, and the effectiveness of 
previous maintenance efforts. Analysing these can reveal patterns or issues not detected by 
automated systems, allowing for earlier and more targeted maintenance interventions. 
(Smith & Hinchcliffe, 2003) argue that recurring problems highlighted in these reports can 
justify changes in maintenance routines, such as more frequent inspections or part 
replacements, particularly if specific components are repeatedly problematic. 
(Gulati & Smith, 2009) point out that positive performance reports post-intervention 
supports the effectiveness of these strategies, while consistent issues post-maintenance 
may indicate a need for strategy revision. This approach not only justifies the existing 
maintenance practices but also guides continuous improvements, ensuring the equipment's 
reliability, performance, and longevity are optimized. 

6.2. Potential Improvements 
6.2.1. Total Productive Maintenance (TPM) 
(Wireman, 2004) explores how TPM strategies can be applied to improve OEE. TPM 
emphasizes involving all employees in preventive maintenance, thereby improving 
productivity through the optimization of equipment reliability and performance. By 
engaging all levels of an organization in maintenance activities, from operators to senior 
management, TPM aims to create a culture where maintenance supports optimal 
production efficiency. 
(Stamatis, 2010) shows that by integrating OEE metrics with TPM principles, it is possible to 
justify the current maintenance practices but also identify opportunities for significant 
improvements. This holistic approach ensures that maintenance activities are aligned with 
the overall objectives of the organization, contributing to enhanced operational efficiency, 
reduced costs, and improved product quality. 

6.2.2. Predictive Maintenance 
Integrating real-time condition monitoring using IoT, Industry 4.0 technologies, and machine 
learning can predict equipment failures before they occur, significantly reducing unplanned 
downtime and maintenance costs (Lee, et al., 2014) discuss a case study involving a large 
mining operation and the implementation of a predictive maintenance program. Utilizing 
condition monitoring and data analytics, led to a significant reduction in unplanned 
downtime and maintenance costs. The program focused on critical equipment such as 
conveyors and crushers, similar in criticality to bucket wheel reclaimers. By analysing 
equipment data in real-time, the mine was able to predict failures before they occurred, 
resulting in a 20% reduction in maintenance costs and a 10% increase in equipment 
availability. 

6.2.3. Upgrade of Bucket Drive System to Hydraulic System 
Upgrading the bucket drive system to a hydraulic system offers multiple advantages over 
traditional mechanical or electric drive systems. Hydraulic systems provide superior 
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precision, control, and flexibility in operation, which is particularly beneficial for the 
complex movements required by the bucket wheel reclaimer. (Nicholas, et al., 2008) 
suggests they are also inherently more reliable and easier to maintain, as they have fewer 
moving parts subject to wear. Additionally, hydraulic systems can be more energy-efficient, 
particularly in applications requiring variable speed and torque. Upgrading to a hydraulic 
drive can lead to significant improvements in reliability and operational efficiency, lower 
maintenance costs, and reduced energy consumption. The initial investment in upgrading 
can be offset by the extended equipment lifecycle and the operational savings achieved 
through improved efficiency and reduced downtime   
In a case study, a large mining operation decided to upgrade its conveyor system by 
replacing the mechanical drives with hydraulic drive systems. The hydraulic drives offered 
better control and efficiency under variable load conditions and were more reliable and 
easier to maintain than the mechanical systems. (Kruczek, et al., 2019) describes how after 
the upgrade to hydraulic drives, the mining operation experienced a 30% reduction in 
energy consumption due to the higher efficiency of the hydraulic system. Additionally, 
maintenance costs dropped by 20% due to the increased reliability and lower wear and tear 
on the system. The operation also benefited from improved operational flexibility, allowing 
for smoother and more efficient handling of different materials.  

6.3. Justification of Improvements 
6.3.1. Impact Assessment 
Evaluating the impact of the proposed improvements on the reclaimer's performance, 
including potential increases in OEE, reductions in operation and maintenance costs, and 
overall productivity improvements is crucial before undertaking any project or upgrade.  

6.3.1.1. Benefits of Predictive Maintenance 
1. Predictive maintenance can significantly reduce unplanned downtime by identifying 

potential equipment failures before they occur. Case studies in the mining industry 
have shown reductions in downtime by up to 20-30%, leading to increased 
production capacity and revenue. (Kruczek, et al., 2019) 

2. By performing maintenance only when necessary, predictive maintenance can lower 
maintenance costs by 10-40% compared to traditional preventive maintenance 
strategies. (Agustiady &  Cudney, 2016) 

3. Continuous monitoring and timely maintenance can extend the operational life of 
equipment, delaying capital expenditures for replacements. (Mobley, 2002) 

6.3.1.2. Costs of Predictive Maintenance 
1. The setup for predictive maintenance includes costs for sensors, data analytics 

software, and integration with existing systems. However, these costs are often 
recouped within a few years through savings in maintenance and operational 
efficiencies. 
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2. Training and Implementation: Staff may require training on new technologies and 
processes, and there may be costs associated with change management and 
implementation. (Davies, 2012) 

3. The ROI of predictive maintenance is typically positive, with payback periods ranging 
from one to three years, depending on the scale of implementation and the baseline 
costs of maintenance and downtime. (Jardine & Tsang, 2021) 

6.3.1.3. Benefits of implementing Hydraulic Drives 
1. Hydraulic drive systems offer superior control and efficiency, especially for variable 

speed and load applications. This can lead to energy savings and improved 
operational performance. (Meehan, 2012) 

2. Hydraulic systems have fewer moving parts and are less prone to wear and tear, 
resulting in lower maintenance costs and higher reliability. (Rydberg, 2015) 

3. Hydraulic drives can be more easily adjusted or reconfigured for different 
operational needs, providing greater flexibility in mining-type operations. (Meehan, 
2012)  

6.3.1.4. Costs of implementing hydraulic drives 
1. Upgrading to hydraulic drives involves capital expenditure for new equipment and 

installation. (Norton, 2019) However, this cost is offset by the long-term savings and 
operational benefits.  

2. There may be a transition period during which productivity is impacted as the new 
system is installed and commissioned. 

3. While the initial investment for hydraulic drive systems is higher than some 
alternative solutions, (Rydberg, 2015) states the long-term savings in maintenance 
and operational efficiencies, as well as potential increases in production capacity, 
contribute to a favourable ROI.  

6.3.2. Lifecycle Analysis 
A comprehensive analysis considering the entire lifecycle of the BWR will demonstrate the 
long-term benefits and cost savings resulting from the proposed upgrades and different 
maintenance strategies. (Sonnemann & Margni, 2015) 

6.3.2.1. Environmental Analysis 
1. Using Equation 1, and the values in Table 6, it is possible to calculate the current 

Annual Energy Usage for both Materials reclaimed. 

 

 
 

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝑈𝑠𝑎𝑔𝑒 (𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝐴) =  7800 𝑥 132 𝑥 0.95 =  978,120𝑘𝑊ℎ. 

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝑈𝑠𝑎𝑔𝑒 (𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝐵) =  7800 𝑥 132 𝑥 0.98 =  1,009,008 𝑘𝑊ℎ. 
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2. Using Equation 2 , a CO2 emission factor of 0.233 kgCO2/kWh (Department for 
Energy, Security and Net Zero, 2023), and the values in Table 6, it is possible to 
calculate the Current CO2 Emissions. 

 

 

 
3. Using Equation 1 , and the values in Table 7, it is possible to calculate the Future 

Annual Energy Usage. 

 

 
 

4. Using Equation 2, and the values in Table 7, it is possible to calculate the future CO2 
Emissions. 

 

 
 

Table 6 – Current Operating Parameters 

 
These are the current operating parameters for the electric bucket drive motor, for our two 
different material bulk-densities, with 12 hours maintenance per week and 168-hour 
maintenance period every 6 months. 

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐶𝑂2 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 (𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝐴) =  978120 𝑥 0.233 =  227,901.96 𝑘𝑔 

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐶𝑂2 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 (𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝐵) =  1009008 𝑥 0.233 =  235,098.66 𝑘𝑔 

𝐹𝑢𝑡𝑢𝑟𝑒 𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝑈𝑠𝑎𝑔𝑒 (𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝐴) =  8712 𝑥 132 𝑥 0.50 =  574,992 𝑘𝑊ℎ. 

𝐹𝑢𝑡𝑢𝑟𝑒 𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝑈𝑠𝑎𝑔𝑒 (𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝐵) =  8712 𝑥 132 𝑥 0.55 =  632,491.20 𝑘𝑊ℎ. 

𝐹𝑢𝑡𝑢𝑟𝑒 𝐶𝑂2 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 (𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝐴) =  574992 𝑥 0.233 =  133,973.14 𝑘𝑔 

𝐹𝑢𝑡𝑢𝑟𝑒 𝐶𝑂2 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 (𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝐵) =  632491.20 𝑥 0.233 =  147,370.45 𝑘𝑔 

Material Runtime 

(T) [h] 

Power 

rating (P) 

[kW] 

Load 

Factor 

(X) [%] 

Annual 

Energy 

Usage 

[kWh] 

Annual 

Running Cost 

[£] 

Annual 

Co2 [kg] 

A 7800 132 0.95 978,120.00 146,718.00 227,901.96 

B 7800 132 0.98 1,009,008.00 151,351.20 235,098.86 
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Table 7 - Future Operating Parameters 

 
This is the proposed operating parameters for the hydraulic bucket drive, for our two 
different material bulk-densities, with 24-hour maintenance period every 6 months (the 
increased runtime due to increased reliability and reduced maintenance requirements of 
the hydraulic system). 
 

Equation 1 (Beaty, 2000) 

 

Equation 2 (Beaty, 2000) 

 

Equation 3 

 

Equation 4 

 

Equation 5 

 

6.3.2.2. Economic Analysis 
Initial Investment = £180,000,  
Predictive Maintenance upgrade = £10,000, 
Hydraulic System Upgrade = £140,000 +£30,000 (Appendix A: Hydraulic Upgrade Quotation) 
+  (Appendix C: Hydraulic upgrade steelwork quotation). 

Material Runtime 

(T) [h] 

Power 

rating (P) 

[kW] 

Load 

Factor 

(X) [%] 

Annual 

Energy 

Usage [kWh] 

Annual 

Running Cost 

[£] 

Annual 

Co2 [kg] 

A 8712 132 0.50 574,992.00 86,248.80 133,973.14 

B 8712 132 0.55  632,491.20   94,873.68  147,370.45  

 

𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝑈𝑠𝑎𝑔𝑒 [𝑘𝑤ℎ] = 𝑃𝑜𝑤𝑒𝑟 𝑅𝑎𝑡𝑖𝑛𝑔 (P) × 𝐿𝑜𝑎𝑑 𝐹𝑎𝑐𝑡𝑜𝑟(𝑋) ×

𝑅𝑢𝑛𝑡𝑖𝑚𝑒 (𝑇)  

𝐶𝑂2 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 [𝑘𝑔] = 𝐸𝑛𝑒𝑟𝑔𝑦 𝑈𝑠𝑎𝑔𝑒 [𝑘𝑊ℎ] × 𝐶𝑂2 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 [𝑘𝑔𝐶𝑂2 ⁄

𝑘𝑊ℎ]  

𝐹𝑜𝑟𝑐𝑎𝑠𝑡𝑒𝑑 𝐸𝑛𝑒𝑟𝑔𝑦 𝑆𝑎𝑣𝑖𝑛𝑔𝑠[𝑘𝑊ℎ] = 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐸𝑛𝑒𝑟𝑔𝑦 𝑈𝑠𝑎𝑔𝑒 [𝑘𝑊ℎ] −

𝐹𝑢𝑡𝑢𝑟𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 𝑢𝑠𝑎𝑔𝑒[𝑘𝑊ℎ]  

𝐶𝑂2 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 Reduction[𝑘𝑔] = 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐶𝑂2 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛s [kg] −

𝐹𝑢𝑡𝑢𝑟𝑒 𝐶𝑂2 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠[𝑘𝑔]  

𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝐶𝑜𝑠𝑡 𝑆𝑎𝑣𝑖𝑛𝑔𝑠[£] = 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐸𝑛𝑒𝑟𝑔𝑦 𝐶𝑜𝑠𝑡𝑠[£] − 𝐹𝑢𝑡𝑢𝑟𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 𝐶𝑜𝑠𝑡𝑠[£]  
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Using the Equation 5, the anticipated energy savings in Table 6 and Table 7, and the average 
UK energy cost of £0.15 per kWh. (Office of Gas and Electricity Markets, 2024). 

 

 
(Marquez, et al., 2008) suggests 20% - 40% reduction in maintenance costs between electro-
mechanical systems and hydraulic systems.  
A conservative estimate of a 20% reduction in 2023 maintenance costs of £1.6m, leads to 
savings of £320,000 per annum.  
 
By avoiding 1 incident of unplanned downtime per year, costing £50,000 in mobile plant 
equipment alone, savings amount to £50,000 annually.  

6.3.2.3. Social Analysis 
(Davies, 2012) states the workforce requires training on the new systems, software, and 
procedures. Thus, enhancing skills but requiring upfront time and resource investment.  

6.3.2.4. Environmental Impact Assessment 
The implementation significantly reduces energy consumption and CO2 emissions, 
contributing positively to environmental sustainability goals. 

6.3.2.5. Economic Impact Assessment 
Using Equation 6, it is possible to calculate the total annual savings. 

 
Using Equation 7 it is possible to calculate a Return on Investment (ROI)  

 
This ROI value indicates a payback period of less than 6 months. 

Equation 6 

 

Equation 7 

 

𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝐶𝑜𝑠𝑡 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 (𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝐴)  =  146,718.00 −  86,248.80 =

 £60,470  

𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝐶𝑜𝑠𝑡 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 (𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝐵)  =  151,351.20 −  94,873.68 

=  £56,477.52 

𝑇𝑜𝑡𝑎𝑙 𝑎𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 =  £56,477.52 +  £320,000 +  £50,000 =  £426,477.52 

𝑅𝑒𝑡𝑢𝑟𝑛 𝑜𝑛 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 (𝑅𝑂𝐼)  =  £426,477.52 / £180,000 ×  100 =  𝟐𝟑𝟔. 𝟗𝟑%   

𝑇𝑜𝑡𝑎𝑙 𝐴𝑛𝑛𝑢𝑎𝑙 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 =  𝐸𝑛𝑒𝑟𝑔𝑦 𝐶𝑜𝑠𝑡 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 +  𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝐶𝑜𝑠𝑡 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 +

 𝐷𝑜𝑤𝑛𝑡𝑖𝑚𝑒 𝐶𝑜𝑠𝑡 𝑆𝑎𝑣𝑖𝑛𝑔𝑠  

𝑅𝑒𝑡𝑢𝑟𝑛 𝑜𝑛 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 (𝑅𝑂𝐼)

= (𝑇𝑜𝑡𝑎𝑙 𝐴𝑛𝑛𝑢𝑎𝑙 𝑆𝑎𝑣𝑖𝑛𝑔𝑠)/(𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐼𝑛𝑣𝑒𝑠𝑡𝑒𝑚𝑒𝑛𝑡)   × 100 
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6.3.2.6. Social Impact Assessment 
(Davies, 2012) argues that the introduction of new technologies and systems enhances 
workforce capabilities, promoting a culture of continuous learning and adaptation. 
However, this change must be managed to be successful. 
 

6.3.2.7. Recommendations 
1. Engage with all stakeholders, including the workforce, management, and 

environmental bodies, to ensure transparency and gain support for the initiative. 
2. Proceed with the upgrades to predictive maintenance and hydraulic drives, given the 

strong ROI and positive environmental impact. 
3. Establish continuous monitoring of the implemented systems to gather real-time 

data, allowing for ongoing optimization and further improvements. 

6.4. Strategy for Implementation 
6.4.1. Project Roadmap 
A detailed project roadmap outlining each phase of the implementation process, including 
timelines, responsible parties, and milestones, is essential for successful execution. 
(Imbarrato, 2021) 
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Figure 9 - Roadmap Process Diagram 
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6.4.2. Risks to Implementation 
Identifying potential challenges such as big data handling, initial costs, and resistance to 
change will be critical. Mitigation strategies should be developed for each identified risk. 

6.4.2.1. Data Handling 
Implementing predictive maintenance powered by real-time condition monitoring is not 
without its challenges, primarily due to the complexities associated with handling "big data." 
These challenges include managing the volume, variety, velocity, veracity, and value of the 
data. AI and Machine learning can offer solutions to these challenges by enabling the 
analysis of time-series data and high-dimensional spaces, making it easier to uncover 
correlations that are difficult for humans to identify. 

6.4.2.2. Initial Costs 
Using the lifecycle analysis as justification for the implementation of the upgrades shows 
significant financial benefits to the organisation, with a payback period of less than 6 
months. 

6.4.2.3. Management of Change 
Successfully managing change, particularly in the context of maintenance technicians and 
machine operators, hinges on securing their buy-in from the outset. Early engagement not 
only facilitates smoother transition processes but also enhances the likelihood of successful 
implementation of new maintenance practices or technologies. (Kotter, 2012) underscores 
the importance of involving employees in the change process, noting that participation 
fosters a sense of ownership and commitment to the change, thereby increasing the 
probability of its success. This approach is critical in the maintenance domain, where the 
practical insights and experience of technicians and operators can significantly inform the 
optimization of maintenance strategies and practices. By actively involving these key 
stakeholders in planning and decision-making phases, organizations can ensure that changes 
are not only technically sound but also practically viable, leading to improved operational 
efficiency and reduced resistance to change. 
Implementing these improvements will require a structured change management process, 
including training for operators and maintenance staff on new technologies and processes, 
communication strategies to ensure stakeholder alignment, and continuous improvement 
mechanisms to adapt and refine practices over time.  
There a is also a legal obligation to effectively manage change. The Management of Health 
and Safety at Work Regulations 1999 state employers must document and implement a 
change management process for maintenance activities that affect health and safety, 
ensuring that any changes do not introduce new hazards and that all equipment remains 
safe to use and adequate training and information must be provided to all employees 
affected by such changes. (Health and Safety Executive, 1999) 
ISO standards 9001 and 45001 provide a lot of information to assist with the safe and 
effective management of change within an organisation.  



David Adams 1908506  Plant & Asset Engineering ACMA6007 

Maintenance Strategy Effectiveness  Page 31 of 42 

ISO 9001:2015 requires organizations to plan changes to their quality management system. 
Transitioning to predictive maintenance would involve assessing the risks and opportunities 
and setting quality objectives to guide the change. The organization is required to monitor, 
measure, analyse, and evaluate the performance of the Quality Management System (QMS). 
Predictive maintenance practices should be evaluated against the quality objectives set to 
ensure they are enhancing the system's performance (International Standards Organisation, 
2015) 
ISO45001:2018 includes managing changes that can impact Occupational Health and Safety 
(OH&S) performance. Predictive maintenance can reduce unexpected breakdowns, which in 
turn can minimize workplace incidents and hazards. When changing to predictive 
maintenance, organizations must ensure that the changes are planned and implemented in 
a way that mitigates any OH&S risks, which could include new risks introduced by using 
predictive technologies or changes in workflow. (International Standards Organisation, 
2018) 
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7. Recommendations 
To enhance Overall Equipment Effectiveness (OEE), reduce operational costs, and prolong 
the lifecycle of assets, a systematic approach encompassing short-term, medium-term, and 
long-term recommendations is essential. These recommendations consider the 
opportunities for improvement and acknowledge the potential challenges that might arise 
during their implementation. 

7.1. Short-Term Recommendations 
Optimizing maintenance schedules based on the actual frequency and impact of issues 
encountered during routine maintenance checks can be an effective strategy. This approach 
requires no additional investment but can lead to a reduction in maintenance costs by 
prioritizing tasks that have a direct impact on equipment performance. However, it's 
important to note that solely relying on such adjustments may increase the risk of 
unforeseen failures due to the potential for overlooking critical maintenance needs. 

7.2. Medium-Term Recommendations 
Medium-term strategies might include investing in advanced diagnostic tools or training for 
maintenance staff to enhance their ability to identify and address issues proactively. 
Although these measures take longer to put in place and may involve moderate investment, 
they contribute to a sustainable improvement in equipment reliability and efficiency. 

7.3. Long-Term Recommendations 
Upgrading critical equipment components to more efficient alternatives—like transitioning 
the bucket wheel drive system to a hydraulic system—falls into this category. Additionally, 
integrating advanced condition monitoring technologies can drastically improve the 
predictability of equipment failures. These upgrades not only require a significant upfront 
investment but also a solid business case to justify the expenditure. Furthermore, improving 
access arrangements to facilitate easier maintenance activities can enhance safety and 
efficiency. Although these long-term recommendations demand more resources and 
planning, they offer the most substantial benefits in terms of extending the asset lifecycle, 
reducing operational costs, and improving overall equipment effectiveness. 
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8. Conclusion 
In conclusion, this report has comprehensively evaluated the current maintenance 
strategies applied to the Bucket Wheel Reclaimer (BWR) at Port Talbot steelworks, with a 
keen focus on assessing the effectiveness and efficiency of these practices. Initially set 
objectives aimed to map existing maintenance routines, analyse the cost and effectiveness, 
suggest improvements leveraging the latest trends and technologies, and finally, evaluate 
the feasibility and potential impacts of proposed improvements. 
Through critical analysis, it has identified the strengths and weaknesses inherent in the 
present maintenance framework, which predominantly revolves around preventive, 
predictive, and reactive strategies. While these strategies have ensured a certain degree of 
operational reliability and efficiency, the report highlighted significant opportunities for 
enhancement, notably through predictive maintenance technologies, the adoption of Total 
Productive Maintenance (TPM), and the strategic upgrade of the BWR's bucket drive system 
to a hydraulic system. 
The justification for these proposed improvements is solidly grounded in a detailed 
evaluation of their potential impacts, including a lifecycle analysis and a project roadmap for 
implementation. Such improvements are anticipated not only to boost the overall 
equipment effectiveness (OEE) but also to reduce operational and maintenance costs 
substantially, thereby extending the asset's lifecycle. 
Crucially, the report underscores the necessity of a planned approach to change 
management, emphasizing the importance of engaging all stakeholders and ensuring 
alignment with Legal regulations and ISO standards for maintenance management. By 
adhering to these guidelines, Port Talbot steelworks can enhance its maintenance strategy 
effectiveness, ensuring that the BWR operates at its optimum, thereby contributing 
significantly to the steelworks' overall productivity and sustainability goals. 
From the findings and recommendations detailed in this report, it becomes clear that while 
the current maintenance practices provide a solid foundation, there is considerable scope 
for improvement in the form of short, medium, and long-term improvements and potential 
cost savings of over £400,000 per annum. 
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10. Appendices 

Appendix A: Hydraulic Upgrade Quotation
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Appendix B: Hydraulic Upgrade Project Calculation 

 



David Adams 1908506  Plant & Asset Engineering ACMA6007 

Maintenance Strategy Effectiveness  Page 41 of 42 

 
 

  



David Adams 1908506  Plant & Asset Engineering ACMA6007 

Maintenance Strategy Effectiveness  Page 42 of 42 

Appendix C: Hydraulic upgrade steelwork quotation 

 


