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[bookmark: _Toc231032028]1.Abstract.

The increasing need for electrical energy and growing environmental concerns are pushing for better efficiency in electrical distribution systems. One key issue is energy loss from transformers, especially in traditional distribution transformers, which use energy even when not loaded. As the UK works towards decarbonisation and net-zero goals, improving energy efficiency in electricity infrastructure is crucial for lowering carbon emissions and boosting operational efficiency. There are still simple improvements that can be made, such as upgrading lighting systems, which offer quick returns on investment and faster implementation.
This dissertation explores whether replacing conventional transformers with eco-loss transformers can enhance efficiency in electrical distribution systems. The study reviews how transformers operate, what causes energy losses, and the benefits of eco-loss transformer technologies. It focuses on reducing no-load losses, improving magnetic core performance, and maximizing operational benefits over their lifecycle.
The research compares conventional transformers with eco-loss transformers using engineering calculations and evidence from existing literature. A case study based in the UK compares annual energy losses, operational costs, and the potential for carbon reduction of a typical distribution transformer.
The results show that eco-loss transformers improve operational efficiency by reducing core losses and enhancing design. Although their initial costs are higher, they can lead to long-term savings through less electricity use and lower overall costs. Additionally, lowering electrical losses supports sustainability goals and helps reduce carbon emissions.
In conclusion, eco-loss transformers offer a practical and environmentally friendly way to increase distribution network efficiency in the UK. The dissertation makes suggestions for future implementation, more research on costs and benefits, and ways to encourage wider use within smart electrical infrastructure.




[bookmark: _Toc231032029]2. Aims and objectives of the project.

Increasing pressure surrounding industrial energy consumption, infrastructure resilience, and long-term sustainability has encouraged organisations to critically assess the efficiency of ageing electrical systems. Within energy-intensive industrial environments, electrical infrastructure frequently remains in continuous operation, meaning that even relatively minor inefficiencies may accumulate into substantial operational costs over prolonged periods of time (Capehart, Turner and Kennedy, 2020). Consequently, engineering interventions focused upon electrical optimisation increasingly form an important component of operational cost reduction strategies, sustainability objectives, and long-term infrastructure planning.
The Vale site operates continuously and therefore experiences significant electrical demand associated with industrial processes, infrastructure, and supporting operational systems. Thumann and Younger (2018) identify continuous industrial facilities as environments that offer considerable opportunities for efficiency improvement, as reductions in electrical demand may accumulate into substantial operational and financial benefits over time. Within this context, concerns emerged regarding the efficiency, reliability, and long-term sustainability of critical electrical assets operating across the site.
Key issues identified included the ageing 1500 kVA oil-filled transformer, which raised concerns relating to lifecycle efficiency, maintainability, infrastructure resilience, and long-term operational reliability. In addition, extensive use of 250W metal halide lighting systems presented an opportunity for modernisation through implementation of more energy-efficient LED alternatives capable of reducing electrical demand whilst simultaneously improving lighting quality and reducing maintenance requirements. During the initial stages of investigation, consideration was also given to broader digitalisation opportunities, including potential implementation of artificial intelligence (AI) technologies. However, the scale and technical complexity associated with the electrical infrastructure investigation demonstrated that meaningful assessment of AI integration extended beyond the practical scope of the investigation and was therefore postponed maintaining focus on the principal engineering objectives.
As the investigation progressed, the scope developed beyond a narrow assessment of energy reduction and evolved into a broader engineering evaluation incorporating operational efficiency, lifecycle performance, infrastructure condition, maintainability, and long-term resilience of critical electrical systems within a live industrial environment. Particular emphasis was placed upon balancing engineering practicality with operational constraints, recognising the financial limitations, ageing assets, and infrastructure-related risks associated with implementing electrical improvements in an operational industrial setting.
The principal aim of the investigation was to improve electrical efficiency and infrastructure resilience at the Vale site through the implementation of LED lighting upgrades, the assessment of transformer replacement opportunities, and the evaluation of wider infrastructure improvements. More specifically, the investigation sought to determine whether modernisation of ageing electrical systems could reduce electricity demand, improve operational reliability, support sustainability objectives, and inform future investment decisions. Furthermore, consideration was given to whether engineering improvements delivered within an operational industrial environment could provide benefits extending beyond electricity reduction alone, including enhanced maintainability, improved lifecycle performance, greater operational practicality, and reduced infrastructure risk. The investigation therefore sought to balance engineering performance, financial viability, and operational practicality when considering future electrical infrastructure development at the Vale site (Heathcote, 2007).
To achieve this aim, several interconnected objectives were established. A primary objective involved investigating opportunities for reducing electricity demand associated with industrial lighting operating within two operational buildings at the Vale site. The existing installation consisted of 41 × 250W metal halide fittings, which were considered increasingly inefficient due to electrical demand, age, and maintenance requirements. Consequently, the investigation sought to determine whether replacement with 100W LED luminaires could reduce electricity consumption whilst maintaining or improving lighting quality, reliability, and maintainability. In addition to the principal lighting replacement program, opportunities were also identified to replace 250W SON floodlighting with 50W LED alternatives in lower-use operational areas to further reduce electrical demand.
A further objective focused upon practical implementation and evaluation of the lighting modernisation programme within an active industrial environment. Unlike purely theoretical studies, emphasis was placed upon assessing implementation feasibility under operational conditions whilst minimising disruption and evaluating whether successful delivery could support wider confidence in future lighting upgrades across the site.
The investigation also sought to evaluate the existing 1500 kVA oil-filled transformer operating between 11kV and 433V, considering whether replacement with a modern eco-loss transformer could reduce electrical losses and improve operational efficiency. Particular emphasis was placed upon no-load losses, recognising that continuous transformer operation may result in cumulative inefficiencies over prolonged operational periods (Heathcote, 2007). Simultaneously, assessment of the wider infrastructure associated with the transformer installation formed an important component of the investigation due to the presence of pitch-filled cable chambers and Paper Insulated Lead Covered (PILC) cable systems, both of which raised concerns regarding maintainability, infrastructure condition, and feasibility of future replacement works.
A further objective involved assessment of the financial viability associated with proposed infrastructure improvements through review of historical electricity market data. Particular consideration was given to the influence of electricity price volatility upon operational savings and investment return, recognising that changing market conditions may significantly influence project payback periods. Special attention was also given to Energy Intensive Industry (EII) compensation arrangements applicable to large industrial consumers, as these mechanisms may significantly affect effective electricity pricing and investment justification at the Vale site (Department for Energy Security and Net Zero, 2023).
The investigation additionally considered whether successful implementation of electrical improvements could influence wider organisational infrastructure planning. Following completion of the lighting replacement programme, additional operational areas requested similar improvements, contributing toward development of a broader capital expenditure (CAPEX) proposal for future site-wide lighting modernisation.
The scope of the investigation was therefore focused upon electrical infrastructure operating at the Vale site, with particular emphasis placed upon industrial lighting and transformer systems due to their significance in relation to electricity demand and operational resilience. Initially, 41 metal halide luminaires were replaced with 100W LED fittings across two operational buildings, while additional 250W SON floodlights were replaced with 50W LED alternatives to further reduce electricity demand. The transformer assessment included evaluation of a South Wales Switchgear Ltd 1500 kVA oil-filled transformer and associated infrastructure, incorporating quotations for transformer replacement, oil replacement, and burn-out testing of cable chambers. Although the investigation did not extend to intrusive cable testing or live transformer monitoring, assessment was supported through engineering calculations, supplier quotations, literature review, and visual inspection of infrastructure condition. Despite these limitations, the scope remained sufficient to support meaningful engineering investigation within a live industrial environment and provide practical recommendations regarding future electrical infrastructure development.

[bookmark: _Toc231032034]CHAPTER 3 – TIMING PLAN

Effective planning and project control are essential for successful engineering project delivery, particularly within operational industrial environments where engineering activities must be balanced against production requirements, safety constraints, labour availability, operational continuity, and financial limitations. Engineering projects involving live infrastructure frequently require structured planning methods to minimise disruption while ensuring technical objectives are achieved within defined timescales (Kerzner, 2022).
Project planning is widely recognised as a fundamental component of engineering management because inadequate planning may result in scope creep, delays, inefficient resource utilisation, operational disruption, and increased project risk (Meredith, Shafer and Mantel, 2022). Consequently, structured planning techniques were adopted throughout the investigation to support effective sequencing of activities, stakeholder engagement, implementation planning, and management of emerging project requirements.
The timing plan developed for the present investigation was designed to support evaluation of electrical efficiency improvement opportunities at the Vale site whilst maintaining alignment with operational requirements and academic timescales. Initially, the project focused upon investigation of transformer replacement opportunities and industrial lighting efficiency improvements. However, as the investigation progressed, practical implementation opportunities emerged, requiring the timing plan to remain sufficiently flexible to accommodate evolving project priorities and additional engineering activities.
3.2 Project Planning Methodology

Engineering projects commonly utilise formal planning methodologies to improve project control and ensure activities progress in a logical and manageable sequence. According to the Project Management Institute (PMI, 2021), successful project delivery requires clear definition of project scope, sequencing of activities, allocation of resources, stakeholder engagement, and ongoing project monitoring.
To support delivery of the investigation, a structured planning methodology was adopted incorporating principles of scope definition, milestone planning, phased delivery, and schedule management. The project initially commenced with a scoping phase to define the principal engineering problem and identify practical opportunities for electrical efficiency improvement. This stage enabled clarification of the investigation boundaries and reduced the risk of excessive project expansion beyond practical time constraints.
Literature suggests that clearly defined project scope is particularly important within engineering investigations because poorly defined objectives may create uncertainty regarding deliverables and increase project complexity (Kerzner, 2022). Consequently, the early stages of the project focused upon establishing realistic objectives aligned with available resources, operational limitations, and academic requirements.
Following scope definition, a staged planning approach was adopted whereby activities progressed sequentially through research, site investigation, technical assessment, implementation, and evaluation. Meredith, Shafer and Mantel (2022) suggest that phased project planning improves control by allowing outputs from one stage to inform progression into later activities, reducing uncertainty and improving decision-making quality.
3.3 Scheduling Tools and Project Control

Structured scheduling tools were used throughout the investigation to support organisation of project activities and maintain progress against key milestones. Among the most widely used project scheduling techniques within engineering management is the Gantt chart, which provides visual representation of project activities against time and enables sequencing, overlap, dependencies, and project progression to be monitored effectively (Kerzner, 2022).
Gantt planning was selected as the principal scheduling method because it enables complex engineering activities to be organised into manageable stages whilst clearly communicating activity duration, sequencing, and critical dependencies. Furthermore, Gantt-based scheduling supports improved project visibility and facilitates adjustment of activities where operational priorities change.
In addition to Gantt planning, principles of Critical Path Method (CPM) informed project sequencing. Critical path activities represent tasks which directly influence overall project completion time, meaning delay to these activities may affect successful project delivery (PMI, 2021). Within engineering projects, identification of critical activities assists prioritisation of labour, resources, and decision-making to ensure major milestones remain achievable.
Project scheduling additionally considered principles of resource optimisation, particularly within an operational industrial environment where engineering labour, specialist access equipment, and contractor availability may be constrained. Effective utilisation of temporary resources has been identified as an important project management principle because shared access opportunities may reduce avoidable expenditure and improve implementation efficiency (Kerzner, 2022).
This principle became particularly relevant during lighting implementation activities where availability of a Mobile Elevating Work Platform (MEWP) enabled additional lighting upgrades to be completed outside the original project scope. By coordinating implementation activities with resource availability, additional operational benefit was achieved without substantial increase in project cost.
3.4 Stakeholder Engagement and Project Adaptability

Stakeholder engagement formed an important component of project planning due to the operational nature of the Vale site. According to PMI (2021), engineering projects undertaken within live operational environments frequently require collaboration between engineering personnel, operational management, contractors, and maintenance teams to ensure successful delivery and minimise disruption.
Effective stakeholder communication was therefore necessary throughout the investigation to support infrastructure access, collection of operational data, practical feasibility assessment, and coordination of implementation activities. Operational personnel additionally provided contextual understanding relating to infrastructure condition, maintenance concerns, and practical constraints associated with electrical replacement activities.
Literature relating to project planning increasingly highlights the importance of flexibility and adaptability within engineering projects, particularly where evolving findings may influence project direction (Saunders, Lewis and Thornhill, 2019). Although the initial project scope focused predominantly upon assessment of transformer replacement and lighting opportunities, successful implementation of lighting upgrades generated wider organisational interest and subsequently influenced development of broader site-wide planning activities.
This progression demonstrates the importance of adaptive planning approaches capable of responding to emerging opportunities whilst maintaining alignment with original project objectives.
3.5 Timing Plan and Gantt Scheduling
To support effective project delivery, activities were organised using a structured timing plan aligned with key engineering milestones and academic deadlines. The overall project schedule incorporated eight principal phases:
1. Initial scoping and project definition.
2. Literature review and technical research.
3. Site investigation and operational assessment.
4. Data collection and infrastructure review.
5. Lighting implementation activities.
6. Financial and technical analysis.
7. Dissertation writing and review.
8. Development of future CAPEX planning.
The timing plan was developed using a Microsoft Project-style Gantt scheduling approach, enabling activities to be sequenced logically across the project duration from September to April. Particular attention was given to overlap between activities, recognising that engineering projects rarely progress through completely isolated stages. For example, literature review activities continued alongside technical investigation, while implementation opportunities were informed by later financial and engineering evaluation. Speaking with lead specialists in the field such as transformer rectifiers and Hornbill aided the theoretical findings. They skills and experience highlighted pitfalls and potential findings.
Furthermore, critical path activities were identified to ensure sufficient priority was placed upon tasks directly influencing overall project completion. Activities relating to technical research, site investigation, implementation planning, and dissertation completion were considered particularly important due to their influence upon successful project delivery.
The completed Gantt chart for the investigation is presented in Figure 3.1 below, showcasing the sequencing of activities, the overlap between project stages, and the critical path considerations implemented throughout the investigation. Initially, the scope included an exploration of AI within these two subject areas. However, it became quickly evident during the project that the magnitude of the work related to transformers and lighting was significant. Consequently, the Gantt chart was revised to concentrate on two key areas where substantial savings could be realized with transformers and lighting, while deferring the AI investigation.
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[bookmark: _Toc231124879]Figure 1 -  Gantt chart illustrating planned and actual progression of activities throughout completion of the investigation.
According to PMI (2021), visual scheduling tools such as Gantt charts improve project control by enabling monitoring of activity sequencing and milestone achievement. It's a clear visual representation that is easy to reference and update both by hand or digitally.


[bookmark: _Toc231032042]4.0 Research and literature review
This chapter presents the background research carried out to support the investigation into electrical efficiency improvement, infrastructure resilience and maintenance reduction at the Vale site. The research focuses on four main technical areas: transformer technology, transformer insulating oil and condition monitoring, ageing cable infrastructure, and industrial lighting modernisation. These areas were selected because they directly relate to the project scope, which involved assessment of an ageing 1500 kVA oil-filled transformer, associated PILC cable infrastructure, and replacement of inefficient discharge lighting with LED alternatives.
The purpose of the literature review is to explain how the relevant technologies operate, how they have advanced, and how these developments may influence future engineering decisions. Particular attention is given to reduced transformer losses through improved core materials, transformer oil condition monitoring, cable replacement risks, LED lighting development, and the maintenance benefits of modern equipment. The review also considers how lower-maintenance equipment can support plant reliability by reducing routine intervention and allowing maintenance labour to be redirected toward more critical operational tasks.
4.1 Transformer and operational losses.
Electrical transformers are essential components of industrial power distribution systems. Their main function is to transfer electrical energy between circuits through electromagnetic induction while changing voltage levels to suit transmission or operational requirements. In industrial environments, transformers are commonly used to reduce high-voltage electrical supply to lower voltages suitable for plant equipment, lighting systems and auxiliary loads (Chapman, 2012).
Although transformers are generally highly efficient, they are not loss-free. Transformer losses are commonly divided into no-load losses and load losses. No-load losses, also known as core or iron losses, occur whenever the transformer is energised, regardless of downstream electrical demand. These losses are mainly caused by hysteresis and eddy currents within the transformer core (Harlow, 2012). Load losses, often referred to as copper losses, occur due to electrical resistance in transformer windings and increase with current flow and transformer loading (Kulkarni and Khaparde, 2013).
This distinction is important for continuously operating industrial sites because no-load losses continue for the full period that a transformer is energised. Therefore, even if plant demand varies, an older transformer may still contribute to avoidable energy loss throughout the year. For a transformer operating continuously, reducing no-load losses can therefore produce long-term energy and cost benefits.
4.2 Modern transformer core materials.
Modern transformer development has focused heavily on reducing core losses through improved magnetic materials and manufacturing methods. Traditional transformer cores are commonly manufactured from laminated grain-oriented silicon steel. This material provides good magnetic performance and mechanical stability, but it still experiences hysteresis and eddy current losses during operation (Heathcote, 2007).
Advances in transformer core design have led to the development of lower-loss materials, including improved grades of grain-oriented electrical steel and amorphous metal cores. Amorphous metal differs from conventional crystalline steel because its atomic structure is non-crystalline. This allows the core to magnetise and demagnetise more easily, reducing hysteresis losses. Amorphous metal is also produced in very thin ribbon form, which helps reduce eddy current losses (Takagi et al., 2011).
Research has shown that amorphous core transformers can achieve substantially lower no-load losses than conventional steel-core transformers. This makes them particularly useful where transformers remain energised for long operating periods. Li et al. (2012) also note that core structure, material composition and treatment processes influence the final loss performance of amorphous cores, meaning transformer design and manufacturing quality remain important factors.
Eco-loss transformers use these improved materials and design methods to reduce both no-load and load losses. The benefit of this technology is not only reduced electrical consumption, but also reduced heat generation and improved lifecycle efficiency. Reduced heat can support insulation life and reduce stress on transformer components, which may improve long-term reliability (Kulkarni and Khaparde, 2013).
For the Vale project, this research is directly relevant because replacing an ageing transformer with a modern eco-loss transformer could reduce continuous transformer losses. However, the literature also indicates that transformer replacement should not be based on efficiency alone. Whole-life cost, infrastructure condition, cable condition, installation complexity and operational risk must also be considered (Heathcote, 2007). This is especially important where associated cabling and terminations are ageing or difficult to replace.
4.3 Transformer oil, insulation and monitoring systems.

Oil-filled transformers rely on insulating oil for both electrical insulation and thermal cooling. The oil helps transfer heat away from the transformer windings and core while also providing dielectric strength between internal electrical components. Over time, transformer oil can degrade due to thermal stress, moisture ingress, oxidation and internal electrical faults (Heathcote, 2007).
Condition monitoring of transformer oil is, therefore, an important part of transformer asset management. One widely used method is dissolved gas analysis (DGA), which examines gases dissolved within the insulating oil. Internal faults such as overheating, arcing and partial discharge can break down oil and insulation materials, producing gases such as hydrogen, methane, ethylene, acetylene and carbon monoxide. The type and concentration of these gases can provide evidence of developing transformer faults (Wani et al., 2021).
Research by Wani et al. (2021) identifies DGA as an important condition monitoring technique but also highlights that interpretation can be complex, particularly where multiple fault types or uncertain trends are present. Karlsson (2008) also notes that DGA is widely used to estimate the condition of oil-immersed transformers and support transformer lifetime management. More recent research has also focused on oil degradation indicators such as moisture content, breakdown voltage, dielectric dissipation factor and dissolved gas concentrations to assess the health of in-service transformers (Mustafa et al., 2024). For the Vale project, transformer oil condition is relevant because quotations were obtained not only for transformer replacement but also for oil replacement and further testing. This supports a condition-based approach rather than assuming immediate full replacement is the only option. If oil testing indicates that the transformer remains serviceable, oil replacement or further condition monitoring may provide a lower-cost short-term intervention. However, if oil condition or DGA results indicate internal deterioration, this would strengthen the justification for replacement.

4.4 Modern alternative to older PILC cables.
Paper-insulated lead-covered cable systems were widely used historically in electrical distribution networks due to their strong insulation performance and resistance to moisture ingress. PILC cables typically consist of conductors wrapped in impregnated paper insulation and enclosed within a lead sheath. This design provided reliable service for many decades and remains present in many older industrial and utility networks (Mason, 2007).
However, ageing PILC infrastructure can become a significant concern when plant modifications or equipment replacement are required. Over long service periods, paper insulation may deteriorate due to thermal ageing, moisture ingress, mechanical stress and repeated heating and cooling cycles. Zapf et al. (2021) identify thermal ageing as a key factor affecting PILC cable lifetime and propose methods for estimating deterioration based on loading and insulation temperature.
PILC systems can be especially problematic during replacement work because their condition may not be fully known until intrusive work begins. Historical terminations, including pitch-filled chambers, may be difficult to disturb without increasing risk of damage. Pitch-filled systems were historically used to provide insulation and environmental protection around cable terminations, but they can harden, degrade or become difficult to remove safely after long service periods.
Modern cable systems such as XLPE and steel wire armoured cables have largely replaced PILC in many new installations. XLPE insulation provides strong thermal and electrical performance, improved maintainability and simpler termination methods compared with older paper-insulated systems with chemical exposure to lead. SWA cable also offers mechanical protection and is commonly used in industrial installations where robustness is required.
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[bookmark: _Toc231124880]Figure 2 - Dressed lead pot going into the LV connection chamber on the transformer (Self taken image)
For the Vale project, this research is highly relevant because the existing transformer installation includes pitch-filled cable chambers and ageing PILC cabling. A quotation for approximately 200 metres of replacement cabling demonstrates that cable replacement could become a high cost if the existing infrastructure is damaged or found unsuitable for continued use. Therefore, the cabling research supports the argument that transformer replacement should be assessed as a wider infrastructure project rather than a simple equipment swap. That said, if VLF testing of the cable comes back satisfactory, they may be reused; however, there are limited methods of termination from old to new, and specialist glanding must be used.










4.5 Modernised lighting in comparison to older systems.

Industrial lighting is essential for operational safety, inspection, maintenance and productivity. Poor lighting can reduce visibility, increase risk and make maintenance work more difficult. Historically, many industrial sites used high-intensity discharge lighting, including metal halide and high-pressure sodium systems, because these technologies provided high light output for large areas and high mounting positions (Boyce, 2014).
Metal halide lamps generate light through an electrical arc passing through gas and metal halide compounds. They can provide strong white light but have several disadvantages compared with modern lighting systems. These include high energy consumption, warm-up time, restrike delay, lumen depreciation and regular maintenance requirements. High-pressure sodium fittings are also efficient compared with older lamps but often provide poorer colour rendering and may not offer the same quality of working visibility as LED systems (DiLouie, 2006).
LED lighting has advanced significantly and is now widely used for industrial lighting modernisation. LEDs produce light through semiconductor materials rather than gas discharge, allowing more efficient conversion of electrical energy into useful light. LED systems can provide instant start-up, improved controllability, better lifespan, reduced maintenance and lower power demand compared with traditional discharge lighting (DiLouie, 2012).
The Carbon Trust (2012) identifies lighting upgrades as a practical energy-saving measure because they can reduce electricity consumption and maintenance requirements. LED technology is particularly beneficial in areas where lighting remains energised for long periods, because the savings from reduced wattage accumulate continuously. This is directly relevant to industrial environments where lighting may operate 24 hours per day.
For the Vale project, the replacement of 250W metal halide fittings with 100W LED luminaires is supported by the literature because it reduces connected load while also improving maintainability. The additional replacement of 250W SON floodlights with 50W LED alternatives further supports the case that LED technology can reduce demand across different lighting applications.


4.6 Labour utilisation and benefits in reduced maintenance.
A major benefit of modernising electrical equipment is reduced maintenance demand. Energy efficiency is often the main focus of replacement projects, but maintenance improvement can be equally important in industrial environments where labour availability is limited and plant reliability is critical.
Older lighting systems require periodic lamp and ballast replacements, access equipment, and labour. When fittings are mounted at height, maintenance may require a Mobile Elevating Work Platform, isolation procedures, permits and additional planning. These activities consume maintenance labour that could otherwise be used for higher-priority reliability tasks.
LED lighting can reduce maintenance demand due to longer operating life and lower failure rates compared with traditional discharge lighting (Boyce, 2014). Thumann and Younger (2018) argue that energy efficiency projects should consider maintenance savings as part of whole-life assessment because reduced maintenance can improve the overall financial case for replacement.
The same principle applies to transformers and associated infrastructure. Modern transformers, improved oil management and better condition monitoring can reduce unplanned maintenance risk and support planned intervention. Similarly, replacing ageing cable infrastructure with modern cable systems may reduce future maintenance complexity and improve resilience.
For the Vale project, reduced maintenance has practical value because maintenance labour can be redirected toward critical plant tasks. If lighting failures and access-related work are reduced, engineering resources can be used more effectively on higher-risk operational issues. Therefore, low-maintenance equipment does not only reduce direct cost; it can also improve maintenance planning, reduce operational disruption and support plant reliability.







5. Work carried out.

The initial phase of work focused upon assessment of the existing electrical infrastructure operating within selected areas of the Vale site to identify practical opportunities for improving electrical efficiency, maintainability, and long-term operational resilience. Two principal areas of investigation were identified during the early stages of the project. The first concerned the continued operation of an ageing South Wales Switchgear Ltd 1500 kVA oil-filled transformer, operating between 11 kV and 433 V, while the second involved the extensive use of 250W metal halide lighting systems operating continuously across two industrial buildings.
A detailed site investigation was undertaken to assess the physical condition and operational arrangement of the transformer installation. Inspection included review of transformer nameplate information, cooling systems, oil containment arrangements, cable entry systems, and associated downstream electrical infrastructure. Visual assessment confirmed the transformer utilised an Oil Natural Air Natural (O.N.A.N) cooling arrangement and identified ageing supporting infrastructure including radiator banks, historical cable systems, and pitch-filled cable chambers.
Particular attention was given to the transformer cable arrangements following identification of Paper Insulated Lead Covered (PILC) cable systems and pitch-filled terminations associated with the downstream distribution network. Discussions with operational personnel and engineering review of drawings identified that downstream electrical distribution supplied by the transformer extended considerable distances throughout the site, with cable routes estimated to exceed 100 metres. Consequently, the scope of transformer assessment developed beyond electrical efficiency alone and included consideration of infrastructure condition, maintainability, replacement feasibility, and operational risk associated with disturbing ageing cable systems.
In parallel with transformer assessment, a detailed lighting survey was completed across two operational buildings to identify opportunities for reducing electrical demand and improving operational lighting quality. The survey confirmed the presence of 41 × 250W metal halide fittings, comprising 16 fittings within one operational building and 25 fittings within another. Due to the continuous operational profile of the Vale site, lighting systems remained energised throughout the year, contributing significantly toward operational electricity demand. Following engineering assessment, replacement with 100W LED luminaires was identified as a practical solution capable of reducing electrical consumption while simultaneously improving lighting performance and reducing maintenance requirements.
Following approval of the proposed lighting strategy, practical implementation activities were undertaken and the full lighting upgrade was successfully completed across both operational buildings. At the time of writing, all 41 metal halide fittings had been replaced with 100W LED luminaires, representing successful delivery of the project beyond theoretical assessment and into practical engineering implementation within a live industrial environment. Installation activities required coordination with operational requirements, labour availability, and access planning to minimise disruption to site activities. Through use of internal electrical craft labour and site resources, the work was completed successfully while maintaining operational continuity.
Completion of the lighting replacement program enabled immediate operational observations to be made regarding lighting performance. Practical observations identified noticeable improvements in lighting quality, brightness, and visibility within both operational buildings when compared with the original metal halide systems. Result photographs demonstrating the completed installations and lighting improvements are included within this report to illustrate the operational outcomes achieved.
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[bookmark: _Toc231124881]Figure 3 - High level picture of room 1 lighting install (Self taken image)
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[bookmark: _Toc231124882]Figure 4 - Lighting installation of room 2 (Self taken image)

During implementation, additional opportunities for electrical improvement emerged beyond the original project scope. As a Mobile Elevating Work Platform (MEWP) remained available on-site and mobilisation costs had already been incurred, an opportunistic decision was made to complete additional lighting improvements within a lower-use operational area. Consequently, several 250W SON floodlights were replaced with 50W LED alternatives, enabling further reductions in electrical demand while maximising utilisation of existing labour and access resources without incurring significant additional mobilisation cost. This additional work also demonstrated the importance of maintaining flexibility during engineering implementation, where practical opportunities may emerge to increase operational benefit during project delivery.
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[bookmark: _Toc231124883]Figure 5- Additional lights on back wall (self taken image)
The recent practical lighting implementation has led to ongoing investigations into transformer replacement opportunities and potential engineering pathways for long-term infrastructure improvement. Engagement with suppliers was conducted to evaluate the feasibility of replacements and to determine indicative investment needs. At this point, detailed quotations have been acquired for a variety of tasks—including transformer replacement, transformer oil replacement, removal of pitch-filled material, burn-out testing of cable chambers, and associated engineering assessments. While transformer specifications are largely complete, final quotations for transportation, crane lifting, installation, removal of the existing transformer, and site logistics are still pending due to supplier timelines and market conditions.
A significant development in this process involves considering an overhaul quotation for the transformer taken out of service. This option is particularly advantageous given the age of the remaining transformer infrastructure at the Vale site. By refurbishing and overhauling the removed transformer, it can be kept as a strategic crash spare, which enhances operational resilience and minimises potential downtime risks associated with future transformer failures.
Moreover, the successful execution of the lighting program has sparked broader organisational interest in enhancing electrical efficiency. Following positive feedback, other operational area managers have requested investigations into similar lighting modernisation initiatives for their departments. In response, planning and budgeting activities have started for a wider capital expenditure (CAPEX) proposal focused on future lighting replacements across various operational buildings, external infrastructure, access routes, and parking areas. This expanded effort has allowed the investigation to move beyond its initial objectives and contribute to comprehensive long-term infrastructure planning across the Vale site.










6. Results.

6.1 Transformer Infrastructure Assessment and Financial Findings

Inspection of the existing transformer installation confirmed the continued operation of a South Wales Switchgear Ltd oil-filled transformer, rated at 1500 kVA, operating between 11 kV and 433 V, and utilising an Oil Natural Air Natural (O.N.A.N) cooling arrangement. Visual inspection identified an ageing transformer installation incorporating fixed radiator banks, oil-filled cooling systems, historical cable arrangements, and pitch-filled cable chambers associated with the downstream electrical distribution system.
A significant finding of the investigation concerned the continued presence of Paper Insulated Lead Covered (PILC) cable systems connected through pitch-filled terminations. The condition and age of this infrastructure introduced uncertainty regarding the practical feasibility and financial implications of transformer replacement. Discussions conducted during the site assessment suggested that downstream electrical systems supplied by the transformer extend across considerable distances throughout the Vale site, with estimated cable routes exceeding 100 metres. Consequently, disturbance or failure of existing cable systems during replacement activity may significantly increase project cost and implementation complexity.
At the time of writing, quotations had been obtained for several key engineering activities, including procurement of a replacement transformer, transformer oil replacement, removal of pitch-filled material, and infrastructure testing. However, due to market volatility and project timescales, confirmed quotations for additional activities such as crane hire, low-loader transportation, transformer removal, asbestos testing of legacy fire-stopping materials, and disposal costs remained unavailable. Based upon conservative estimates developed through supplier engagement and telephone consultation, the projected overall cost of transformer replacement activities was estimated to approach £48,000.
To assess the potential operational benefit of transformer modernisation, a comparative efficiency assessment was undertaken between the existing transformer operating at an assumed efficiency of 95% and proposed eco-loss transformer alternatives operating at 97%, 98%, and 99% efficiency. Findings demonstrated that relatively small improvements in transformer efficiency may generate substantial reductions in electrical losses due to continuous operational demand.
Theoretical modelling indicated that replacement with a 97% efficient eco-loss transformer could reduce transformer losses by approximately 285,226 kWh annually, while 98% and 99% efficient alternatives demonstrated potential annual reductions of approximately 423,458 kWh and 558,888 kWh respectively. When modelled against historical electricity pricing, findings demonstrated that long-term operational savings remained achievable under all pricing scenarios, with financial attractiveness increasing significantly during periods of elevated electricity cost. Please see the calculation tables below.
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[bookmark: _Toc231124884]Figure 6 - Table showing transformer calculations
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[bookmark: _Toc231124885]Figure 7- Table showing potential theoretical return on investment time scales at different efficiencies.
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[bookmark: _Toc231124886]Figure 8 - Theoretical total cost saving over 10 year period at different KWH values
A review of historical electricity market data between 2021 and 2026 identified considerable volatility throughout the study period. Electricity pricing remained relatively stable during 2021, averaging approximately 10–11 p/kWh, before increasing significantly throughout 2022 and 2023, reaching values exceeding 35 p/kWh during peak market disruption. From 2024 onwards, electricity prices reduced considerably, stabilising closer to approximately 11–15 p/kWh.

[bookmark: _Toc231124887]Figure 9 - Historical Electricity Pricing Data 2021–2026
These findings demonstrate that electricity pricing exerts a significant influence upon infrastructure payback periods and investment attractiveness. Although lower effective electricity pricing associated with Energy Intensive Industry (EII) arrangements may extend financial payback periods, modelling indicated that transformer replacement maintained positive long-term financial return even under lower electricity price assumptions. However, findings also indicate that financial justification should not be based solely upon transformer efficiency because infrastructure condition, cable replacement risk, oil condition, and pitch-filled termination complexity may substantially influence total lifecycle cost.


6.2 Lighting Replacement Findings

Survey work completed during the investigation identified a total of 41 × 250W metal halide fittings distributed across two operational buildings, consisting of 16 fittings within one building and 25 fittings within another. Because lighting systems remained operational continuously throughout the year, replacement of the existing installation was identified as a significant opportunity for reducing electrical demand.
At the time of writing, replacement of all identified lighting had been successfully completed through the installation of 100W LED luminaires. The total connected electrical demand of the original lighting system was calculated assume worst case twenty four hour annual yearly operation due to people working shifts in the areas.
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[bookmark: _Toc231124888]Figure 10 - Wattage saving in KWH for each lighting replacement
The findings therefore indicate a substantial reduction in annual electricity demand following completion of the lighting replacement programme. Importantly, practical observations following implementation also identified noticeable improvements in lighting quality and visibility across operational areas. In several locations, illumination levels appeared significantly improved when compared with the previous metal halide systems, suggesting that lighting quality had improved alongside electrical reduction.
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[bookmark: _Toc231124889]Figure 11 - Potential annual theoretical savings at different KWH values

This finding is particularly significant because increased brightness and improved directional performance associated with LED luminaires may create opportunities to further optimise lighting infrastructure. Observations suggest that within selected operational areas, sufficient lux levels may potentially be achieved using a reduced number of fittings compared with the original lighting arrangement. Although formal lux surveys were not completed during the investigation, this finding presents a meaningful opportunity for future optimisation.
Additional operational benefit was identified during implementation because availability of the Mobile Elevating Work Platform (MEWP) enabled further infrastructure improvements to be completed beyond the original project scope. Several 250W SON floodlights within lower-use operational areas were replaced with 50W LED alternatives, further reducing electrical demand whilst improving utilisation of already available labour and access equipment.
Financial assessment of the lighting replacement programme demonstrated particularly strong investment performance. The total project cost was approximately £4,612.50, with payback achieved in less than one year, even under lower electricity pricing scenarios. Importantly, this calculation did not incorporate the avoided cost associated with contractor labour because use of internal electrical craft personnel and existing site access equipment significantly reduced implementation cost. As a result, actual project value may be greater than direct electricity savings alone.
In addition to energy reduction, lighting modernisation also produced important operational maintenance benefits. Reduced lamp replacement frequency, elimination of ballast maintenance, and reduced requirement for repeated access at height may significantly reduce maintenance labour demand. Consequently, maintenance resources may be redirected toward more critical plant activities, improving wider operational efficiency beyond direct financial return.
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[bookmark: _Toc231124890]Figure 12 - Value of potential CO2 saving from changing lights
Calculations to support the above graphical representation.
0.233 * is the UK grid electricity carbon conversion factor
CO₂ saving Room 1.
 21,024 × 0.233 = 4,899 kg CO₂/year
 ≈ 4.9 tonnes of CO₂ per year
CO₂ saving Room 2
 32,850 × 0.233 = 7,654 kg CO₂/year
 ≈ 7.65 tonnes of CO₂ per year
Total CO₂ Saving (Both Rooms)
12,553 kg CO₂/year
 ≈ 12.6 tonnes of CO₂ per year


6.3 Wider Organisational Findings

An important result emerging from the successful implementation of the lighting replacement programme concerned the wider organisational response generated throughout the Vale site. Following completion, operational feedback regarding lighting quality, visibility, and implementation success was highly positive, resulting in requests from additional area managers to investigate similar lighting improvements within their own operational areas.
As a direct consequence of these outcomes, planning and budgeting activities were subsequently initiated for the development of a wider capital expenditure (CAPEX) proposal relating to future lighting modernisation across additional operational areas, including external infrastructure and car park lighting.
This finding demonstrates that successful practical implementation increased organisational confidence regarding electrical efficiency improvements and contributed to broader long-term infrastructure planning. The outcomes, therefore, suggest that relatively small-scale engineering interventions may generate wider operational confidence and influence future investment strategy beyond the original scope of investigation.
















[bookmark: _Toc231032065]CHAPTER 7 – DISCUSSION AND CONCLUSIONS
[bookmark: _Toc231032066]7.1 Discussion of Lighting Modernisation

The findings obtained throughout this investigation suggest that replacement of ageing lighting infrastructure represents a technically viable and operationally beneficial opportunity for reducing electrical demand at the Vale site.
Replacement of 41 × 250W metal halide fittings with 100W LED luminaires resulted in a substantial reduction in connected electrical demand, with estimated annual electricity savings approaching 53,874 kWh. Given the continuous operational profile of the Vale site, where lighting systems remain energised throughout the year, the financial significance of this reduction becomes increasingly important when considered over prolonged operational periods.
The findings obtained align closely with wider literature relating to industrial lighting efficiency. According to Boyce (2014), industrial LED systems frequently outperform traditional discharge lighting technologies due to reduced electrical demand, improved reliability, increased operational lifespan, and reduced maintenance requirements.
These findings appear consistent with observations made following implementation at the Vale site. In addition to reductions in connected electrical load, practical observations suggested improvements in lighting quality and visibility throughout operational areas.
This finding is particularly relevant within industrial environments where lighting quality contributes not only toward operational efficiency but also safety, maintenance activity, and workforce visibility.
Importantly, the project progressed beyond theoretical recommendations and resulted in practical implementation under live operational conditions. This represents a significant strength of the investigation because engineering recommendations could be assessed through real-world application rather than theoretical modelling alone.
The successful delivery of the lighting replacement programme also demonstrated the importance of effective use of existing operational resources. Completion of an additional 250W SON floodlighting replacement using available MEWP access equipment and internal labour illustrated practical engineering decision-making through optimisation of already available resources.
This outcome aligns with project management literature suggesting that engineering implementation frequently benefits from opportunistic scheduling and effective utilisation of temporary resources to improve operational efficiency and minimise avoidable expenditure (Kerzner, 2022).
Perhaps one of the strongest indicators of project success concerns the wider organisational response following implementation.
The findings demonstrated that successful completion of the lighting improvements generated requests from additional area managers to investigate similar upgrades within their own operational environments. This suggests that practical observations of performance and visible improvement increased organisational confidence in the suitability of LED systems.
Furthermore, the request for development of a broader CAPEX proposal for site-wide lighting replacement indicates that the intervention has progressed beyond localised improvement and may influence wider infrastructure planning at the Vale site.
This finding may represent one of the most important practical outcomes of the investigation because it demonstrates that relatively small-scale engineering interventions may generate broader organisational change when operational benefits become visible.
[bookmark: _Toc231032067]7.3 Discussion of Transformer Replacement
While the findings relating to lighting replacement suggest a strong case for implementation, the justification for transformer replacement appears considerably more complex.
Literature reviewed in Chapter Four demonstrated that modern eco-loss transformers may reduce operational losses through improved magnetic core materials and reductions in no-load losses (Kulkarni and Khaparde, 2013). Because transformers remain energised continuously, reductions in no-load losses may accumulate into meaningful savings over prolonged operational periods.
Within the Vale site, this consideration is particularly relevant due to the continuous energisation of the existing 1500 kVA oil-filled transformer.
However, findings obtained during site inspection suggest that transformer replacement decisions should not be based solely upon electrical efficiency.
Visual inspection identified ageing pitch-filled cable chambers and PILC cable systems, introducing uncertainty regarding replacement feasibility and future operational risk.
Unlike theoretical transformer replacement models commonly presented within the literature, the present study highlighted practical engineering concerns associated with historical infrastructure and long-term maintainability.
This finding significantly influences the engineering justification for replacement.
Although replacing a modern eco-loss transformer may reduce operational losses, the presence of ageing cable systems increases project uncertainty due to the risk of infrastructure disruption during replacement activities.
Given the estimated 100-metre cable distance to downstream distribution infrastructure, damage to existing cable systems could substantially increase project complexity and costs.
Our findings emphasise that transformer replacement should not be perceived merely as an intervention aimed at boosting energy efficiency. Instead, it should be recognised as a comprehensive strategy that enhances both asset management and infrastructure resilience. This perspective aligns closely with the insights provided by Heathcote (2007), who strongly advocates for a holistic approach to transformer replacement decisions. He suggests that we must consider various critical factors: operational conditions, lifecycle performance, infrastructure reliability, and maintainability, rather than solely focusing on the age of the equipment.
Furthermore, the recent emergence of competitive quotations for transformer replacement, transformer oil replacement, and burnout testing of pitch-filled cable chambers marks a significant advancement in our field. This development affords us a unique opportunity to evaluate and compare a range of engineering strategies. It challenges the common assumption that full replacement is the only feasible solution. By having access to these alternatives, we can explore targeted interventions that could potentially extend the service life of existing assets or optimize performance without resorting to complete replacement.
This comprehensive understanding encourages a shift in our decision-making process. It highlights the need to conduct thorough condition-based assessments and lifecycle evaluations prior to committing to substantial capital investments. By adopting this proactive approach, we can make more informed decisions that not only consider immediate efficiency gains but also foster long-term sustainability and cost-effectiveness in our infrastructure management strategies. Such a thoughtful decision-making framework ultimately paves the way for improved operational efficiency and resilience in the face of evolving challenges.



[bookmark: _Toc231032068]7.4 Influence of Electricity Market Conditions

One of the most important findings arising from this investigation concerns the significant influence of electricity market volatility upon infrastructure investment viability.
Historical electricity pricing demonstrated considerable fluctuation between 2021 and 2026, with elevated pricing observed during 2022–2023 followed by a gradual reduction in subsequent years.
The findings suggest that the financial attractiveness of electrical efficiency projects remains highly dependent upon prevailing market conditions.
During periods of elevated electricity pricing, reductions in electrical demand generate substantially greater financial return and may significantly reduce project payback periods.
However, the study also identified the importance of considering the impact of Energy Intensive Industry (EII) pricing arrangements applicable to large industrial consumers.
Because Vale may benefit from reduced effective electricity pricing through compensation and levy exemption mechanisms, financial savings associated with reduced electrical demand may be lower than standard market assumptions.
Consequently, investment decisions should not rely solely upon periods of unusually elevated electricity pricing because doing so may overstate expected financial return.
Instead, findings suggest that infrastructure decisions should incorporate multiple electricity pricing scenarios to improve confidence regarding long-term financial viability.
[bookmark: _Toc231032069]7.5 Limitations of the Investigation

Although the investigation provided valuable practical and technical insight into opportunities for improving electrical efficiency and infrastructure resilience at the Vale site, several limitations should be acknowledged.
Firstly, direct metering of transformer losses was not undertaken during the project. Consequently, transformer efficiency assessment relied upon literature-based assumptions, industry guidance, and comparison with expected performance characteristics of modern eco-loss transformer systems. Whilst this approach enabled indicative comparison between existing and replacement technologies, direct measurement would improve confidence regarding precise operational efficiency and associated energy savings.
Secondly, although quotations were successfully obtained for transformer replacement, oil replacement activities, pitch-box burn-out testing, and associated infrastructure works, final procurement decisions had not been completed at the time of writing. As a result, lifecycle cost assessment remains subject to refinement as future project scope, contractor selection, and operational constraints become more clearly defined.
A further limitation relates to uncertainty surrounding the condition of the existing paper insulated lead covered (PILC) cable systems and pitch-filled cable chambers associated with the transformer installation. Without intrusive inspection, electrical testing, or detailed condition assessment, the full extent of infrastructure degradation cannot be completely quantified. This introduces uncertainty regarding the overall complexity, cost, and operational risk associated with transformer replacement works.
Furthermore, although estimated reductions in electricity consumption associated with the LED lighting upgrade were calculated using installed electrical loading and operational assumptions, longer-term post-installation monitoring would provide greater confidence regarding measured savings and system performance over time. Continued monitoring would also support future verification of lifecycle cost savings and energy reduction targets.
Despite these limitations, the investigation remains highly valuable because it progressed significantly beyond theoretical analysis and enabled successful practical implementation of electrical improvements within a live industrial environment. Unlike purely conceptual engineering investigations, this project achieved measurable operational outcomes through completion of the LED lighting replacement programme, while simultaneously informing wider infrastructure planning associated with transformer resilience and electrical system sustainability.
The findings demonstrated that replacement of ageing lighting systems with LED alternatives provides a strong engineering, operational, and financial case for implementation. Measurable reductions in electrical demand were achieved, while lighting quality and maintainability were improved through replacement of obsolete fittings with more efficient modern alternatives. Importantly, the practical success of the implementation generated wider organisational confidence, resulting in requests from additional area managers for similar upgrades and contributing toward development of a broader site-wide capital expenditure (CAPEX) proposal for future lighting modernisation.
In contrast, the investigation demonstrated that transformer replacement presents substantially greater technical and financial complexity due to the presence of ageing infrastructure, pitch-filled cable chambers, PILC cable systems, and uncertainty regarding installation condition. Consequently, transformer replacement should not be considered solely as an energy efficiency initiative, but rather as part of a broader asset management strategy addressing electrical resilience, maintainability, operational reliability, and long-term infrastructure sustainability.
Overall, the investigation suggests that meaningful electrical improvements can be successfully achieved within operational industrial environments when engineering decision-making balances energy efficiency, practicality, lifecycle performance, commercial considerations, and operational risk. The project therefore achieved its core objectives while also establishing a foundation for future infrastructure improvement across the wider Vale site.
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CHAPTER 8 – RECOMMENDED FURTHER WORK

The findings of this investigation suggest that future electrical infrastructure improvements at the Vale site should prioritise a phased and risk-based approach focused upon operational reliability, energy efficiency, maintainability, and long-term asset resilience. Although both transformer replacement and lighting modernisation demonstrated opportunities for operational improvement, the evidence obtained throughout the investigation suggests that different implementation strategies are appropriate for each system due to differences in risk, infrastructure complexity, and return on investment.
From a transformer perspective, the preferred recommendation is that replacement should initially focus upon the first ageing 1500 kVA oil-filled transformer, while the removed transformer should undergo refurbishment and overhaul before being retained as a strategic crash spare. This recommendation is considered particularly important due to the age profile of the remaining transformer infrastructure and the operational dependency placed upon continuous electrical distribution throughout the Vale site. Maintaining a refurbished spare transformer would reduce operational risk associated with unplanned failure and improve resilience by reducing potential downtime during emergency situations due to the long lead time of such a large spare.
Literature relating to transformer asset management suggests that replacement decisions should not be based solely upon efficiency improvements, but should instead consider lifecycle condition, reliability, maintainability, and wider infrastructure resilience (Heathcote, 2007). Therefore, retaining the removed transformer as an operational spare following refurbishment may provide greater organisational value than immediate disposal, particularly given uncertainty surrounding ageing infrastructure and future operational demand.
Furthermore, if demand for Vale’s manufactured products remains stable or increases over the next five years, a structured transformer replacement programme should be developed whereby ageing infrastructure is progressively modernised using a phased replacement strategy. Such an approach would enable operational disruption to be minimised while allowing financial performance and reliability improvements to be monitored following initial implementation. Rather than committing to large-scale immediate replacement, phased implementation would provide an opportunity to assess actual performance improvements, operational savings, and maintenance implications before progressing toward wider transformer modernisation.
A key component of this recommendation should involve ongoing monitoring of financial performance and operational payback. Although theoretical modelling undertaken during the investigation demonstrated that modern eco-loss transformers may provide meaningful reductions in electrical losses, particularly where no-load losses remain continuously present, actual return on investment should be assessed using measured site performance data rather than theoretical assumptions alone. Monitoring should therefore include operational electricity demand, maintenance requirements, reliability performance, and whole-life cost over time. This approach aligns with recommendations by Capehart, Turner and Kennedy (2020), who argue that post-implementation monitoring improves confidence regarding infrastructure investment and supports more informed long-term engineering decision-making.
However, findings obtained throughout the investigation suggest that lighting modernisation represents the strongest immediate opportunity for future investment due to the comparatively lower implementation complexity and significantly faster return on investment. Successful replacement of 41 × 250W metal halide fittings with 100W LED luminaires, together with additional replacement of 250W SON floodlighting with 50W LED alternatives, demonstrated both technical and practical feasibility within an operational industrial environment.
Importantly, the financial benefits associated with LED implementation extend substantially beyond electricity reduction alone. Whilst reduced connected electrical demand provides measurable operational savings, modern LED systems also significantly reduce maintenance requirements through longer operational life, reduced failure rates, elimination of ballast replacement, and reduced requirement for specialist access equipment (Boyce, 2014). Within industrial environments, lighting maintenance frequently requires isolation planning, permit systems, labour allocation, and use of a Mobile Elevating Work Platform (MEWP), all of which increase operational cost beyond electricity consumption alone.
Consequently, reduction in lighting maintenance demand may provide substantial indirect organisational benefit by allowing engineering labour resources to be redirected toward higher-priority maintenance activities relating to plant reliability and critical operational equipment. Thumann and Younger (2018) argue that effective energy efficiency programmes should consider labour utilisation and maintenance reduction as part of whole-life investment assessment rather than focusing exclusively upon electrical savings.
An additional operational finding emerging from implementation relates to improved lighting quality and lux performance following installation of LED luminaires. Practical observations indicated that lighting brightness improved in multiple operational areas when compared with the original metal halide systems. Given the directional performance and higher illumination quality associated with modern LEDs, there may be opportunities within certain areas of the Vale site to reduce the overall number of fittings required whilst maintaining acceptable workplace lighting standards. This recommendation should be investigated through completion of formal lux-level surveys across operational areas to determine whether optimisation of lighting quantity may provide further reductions in electricity demand and maintenance cost.
As a result, future work should prioritise expansion of the lighting modernisation programme across the wider Vale site through development of a phased capital expenditure (CAPEX) strategy targeting remaining internal operational areas, external infrastructure, and car park lighting. Because successful implementation has already demonstrated practical feasibility and generated wider organisational confidence, lighting replacement now represents a comparatively low-risk infrastructure improvement capable of delivering measurable operational benefit.
Overall, the findings of the investigation suggest that future electrical improvement at the Vale site should follow a balanced strategy whereby lighting modernisation is accelerated due to rapid return on investment and maintenance benefits, while transformer replacement is progressed in a phased and condition-based manner, supported by refurbishment of removed assets and ongoing monitoring of operational performance. Such an approach would improve electrical efficiency, strengthen infrastructure resilience, optimise maintenance labour utilisation, and support more informed long-term infrastructure planning.











[bookmark: _Toc231032075]References.
Boyce, P.R. (2014) Human Factors in Lighting. 3rd edn. Boca Raton: CRC Press.
Capehart, B.L., Turner, W.C. and Kennedy, W.J. (2020) Guide to Energy Management. 9th edn. Lilburn, GA: Fairmont Press.
Carbon Trust (2012) Lighting Overview: Technology Guide. London: Carbon Trust.
Chapman, S.J. (2012) Electric Machinery Fundamentals. 5th edn. New York: McGraw-Hill Education.
Dawood, A., Mahmood, S., Abbas, M. and Hassan, M. (2024) ‘Reduction of transformer core losses through improved grain-oriented electrical steel design’, Results in Engineering, 21, pp. 1–12.
Department for Energy Security and Net Zero (2023) Energy Intensive Industries Compensation Scheme: Government Guidance. London: UK Government.
DiLouie, C. (2006) Advanced Lighting Controls: Energy Savings, Productivity, Technology and Applications. Lilburn, GA: Fairmont Press.
DiLouie, C. (2012) Lighting Controls Handbook. Lilburn, GA: Fairmont Press.
Harlow, J.H. (2012) Electric Power Transformer Engineering. 3rd edn. Boca Raton: CRC Press.
Heathcote, M.J. (2007) The J & P Transformer Book. 13th edn. Oxford: Elsevier.
International Energy Agency (2023) Electricity Market Report 2023. Paris: International Energy Agency.
Karlsson, L. (2008) ‘Dissolved gas analysis and transformer lifetime management’, ABB Review, 2, pp. 18–22.
Kerzner, H. (2022) Project Management: A Systems Approach to Planning, Scheduling, and Controlling. 13th edn. Hoboken, NJ: Wiley.
Kulkarni, S.V. and Khaparde, S.A. (2013) Transformer Engineering: Design and Practice. 2nd edn. Boca Raton: CRC Press.
Li, J., Wang, Y. and Li, Q. (2012) ‘Research on loss reduction characteristics of amorphous alloy core transformers’, IEEE Transactions on Magnetics, 48(11), pp. 3855–3858.
Mason, C.R. (2007) Art and Science of Protective Relaying. Hoboken, NJ: Wiley.
McDonald, J.D. (2016) Electric Power Substations Engineering. 3rd edn. Boca Raton: CRC Press.
Meredith, J.R., Shafer, S.M. and Mantel, S.J. (2022) Project Management: A Managerial Approach. 11th edn. Hoboken, NJ: Wiley.
Mustafa, A., Ahmed, S., Khan, M. and Hussain, R. (2024) ‘Assessment of transformer oil degradation and insulation reliability in ageing transformers’, Energies, 17(3), pp. 1–19.
Ofgem (2023) Wholesale Energy Markets in 2023. London: Office of Gas and Electricity Markets.
Project Management Institute (PMI) (2021) A Guide to the Project Management Body of Knowledge (PMBOK Guide). 7th edn. Pennsylvania: PMI.
Saunders, M., Lewis, P. and Thornhill, A. (2019) Research Methods for Business Students. 8th edn. Harlow: Pearson Education.
Takagi, T., Nakamura, K. and Yamamoto, T. (2011) ‘Performance characteristics of amorphous metal core transformers for energy saving applications’, IEEE Transactions on Power Delivery, 26(4), pp. 2456–2463.
Thumann, A. and Younger, W.J. (2018) Handbook of Energy Audits. 9th edn. Boca Raton: CRC Press.
Trianni, A. and Cagno, E. (2012) ‘Dealing with barriers to energy efficiency and SMEs: Some empirical evidences’, Energy, 37(1), pp. 494–504.
Varelen Electric (no date) Distribution transformer core. Available at: [distribution transformer core -Varelen Electric] (Accessed: 31 May 2026).
Wani, S.A., Ahmad, F., Khan, S. and Hussain, A. (2021) ‘Dissolved gas analysis techniques for transformer condition monitoring: A review’, IEEE Access, 9, pp. 112233–112250.
Zapf, M., Müller, H. and Richter, K. (2021) ‘Ageing mechanisms and lifetime assessment of paper insulated lead covered cable systems’, Electric Power Systems Research, 197, pp. 1–10.



















[bookmark: _Toc231032076]Appendices.

[image: ]
[image: ]

[image: ]

[image: ]




Effective Electricity Prices (p/kWh) in Vale Energy reporting system 
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