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The Hinkley Point C nuclear power facility is one of the UK's most ambitious and significant projects. The project sought to deliver low-carbon electricity to 6 million homes, enhance the economy by creating jobs and apprenticeships, and strengthen the UK's nuclear power industry (Armenia et al., 2019). Although it is the laid project goals, objectives and possible benefits, the project has had budget overruns and delays. This paper will examine the Hinkley Point C project, focusing on the initial project design and identifying the causes of the enormous cost overruns and delays. The project was designed to meet UK energy needs while lowering carbon emissions. The world's most expensive nuclear power plant, at £25–£26 billion, was supposed to revolutionise the nuclear industry (Smyth et al., 2018). Two European Pressurized Reactors (EPR) were built to create low-carbon electricity and offset 9 million tons of carbon dioxide yearly, contributing to the UK's climate targets. The Hinkley Point C project included planning, design, construction, commissioning, and operation. The main goals were to create thousands of jobs and 1,000 apprenticeships and stimulate the UK economy by encouraging local companies to take 64% of the construction value (Chawla et al., 2018). Despite careful planning and cost estimation, Hinkley Point C's budget has faced budget overruns. This paper will examine the causes of these overruns and the budget-to-expenditure gap. The report will look into the major causes of the delays and get some insight to provide recommendations for future projects. Additionally, the paper will examine the Hinkley Point C project's quality stakeholders, including government agencies, investors, contractors, legal and inspection bodies and their impacts on the cost and timeline of the project.
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The initial cost of this project was £20.5 billion; however, this increased to £22.6 when the project was confirmed in autumn 2016; it then rose to £25-£26 billion in 2021 and is now expected to cost around £33 billion. , has undergone substantial budget overruns. Data from the EDF Energy, the Nuclear Regulation Authority, BBC News, NS Energy Business, and Power Technology shows that different factors cause budget overruns. 
One of the primary factors contributing to budget overruns in the Hinkley Point C project is the technological complexity of deploying the advanced European Pressurized Reactor (EPR) technology. Hinkley Point C's superior European Pressurized Reactor (EPR) is technologically complicated technology. Construction and commissioning were complicated by complex design and engineering (Chawla et al., 2018). These challenges needed creative solutions and revisions, which delayed the project. Delays raised labour costs and added costs to meet project deadlines. As the project encountered unexpected challenges, accommodating the unique EPR technology caused budget overruns.
Inflation has also caused Hinkley Point C budget overruns. Inflation, a prolonged rise in the price of goods and services in an economy, affected the project over its several-year lifespan. Inflation affected labour prices the most. Due to inflation, qualified personnel and labour-intensive nuclear power plant construction jobs cost more. Inflation also raised the cost of raw materials and equipment, which are essential for complicated projects like Hinkley Point C (Daniel & Daniel, 2019). The project struggled to account for increased material and equipment costs in its early budget estimates. Interest rates and financing prices also fluctuated due to inflation. Any increase in interest rates could cascade into higher borrowing costs, causing budget overruns.
Inflation also created market uncertainty and unexpected supply chain expenses. Supplier contracts can become unstable as prices fluctuate, causing supply chain interruptions and higher procurement expenses. Inflation mitigation needs financial planning and risk management (Smyth et al., 2018). Project stakeholders must evaluate inflationary trends throughout the planning and ensure that budget estimations are flexible enough to allow for cost swings. Inflation buffers, cost estimations, and procurement plan optimisation may be needed.
 The third factor that has led to budget overruns is Supply Chain Disruptions. Hinkley Point C overspent due to supply chain delays. Access to critical materials and components was crucial to the project's success. Unexpected supply chain interruptions slowed procurement and raised costs. Critical equipment and material delays slowed construction and increased labour costs (Heagney, 2016). The project timeframe was affected by delays in material delivery for construction activities. Supply chain disruptions required seeking other suppliers, which could have also raised the cost of materials and labour. Switching suppliers or materials have also increased procurement costs due to less favourable agreements.
 Design Changes and Uncertainties have caused budget overruns of the project. As the project developed, fresh information and technical challenges required design changes. These adjustments were necessary to increase safety and efficiency but added costs that were not budgeted (Lock, 2020). Design adjustments that improve safety are essential in a nuclear power plant project. Retrofitting safety measures or modifying components can increase material, labour, and engineering expenses. New technologies like the European Pressurized Reactor (EPR) introduced implementation and performance uncertainties (Putti & Tóth, 2017). During construction, unexpected issues may have required design changes and added expenditures. Construction-related risks like ground and weather conditions also caused project execution changes and cost increases; this increase was associated with labour and raw material cost increase. 
 Lastly, the initial estimated cost was underestimated. Budget overruns resulted from Hinkley Point C's underestimation of the initial plan. The initial budget underestimated the difficulties of implementing sophisticated European Pressurized Reactor (EPR) technology and building a large nuclear power facility. Underestimating costs during project planning might determine the project's financial structure (Heagney, 2016). The project's budget overran when actual expenses exceeded earlier forecasts. Other factors leading to cost overruns include Regulatory Compliance and Quality Management in the projects that have demanded more cost than expected. 
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There have been delays while the project was expected to be completed in 2025. However, this has been pushed due to delays and overruns. The project is expected to be completed by 2027. The project phases have also faced delays. Financing and Investment Challenges of the project have caused this. Hinkley Point C was delayed by funding, budget, and investment issues. Funding a large nuclear power plant is difficult and time-consuming. Due to its Large-scale projects, financing and investment issue have delayed the projects. Companies and governments invested much in Hinkley Point C (Meredith et al., 2017). Negotiating investment arrangements, collecting financing, and persuading investors have taken time, especially for this being a complex, capital-intensive nuclear power facility. Investment agreements and financial assistance delays slowed project progress. Insufficient budget allocation at project start-ups has made cost management challenging. Project managers must seek additional funds or change the project scope if the initial budget estimate is too low, which might have delayed the project. 
Construction Labor Shortages and Skills Gap has also caused delay in the project. Nuclear power plant projects require trained people (Meredith et al., 2017). Before Hinkley Point C, the building industry lacked competent workers in many trades. The project's workforce was hard to find due to the skills gap. Recruiting and training skilled people to satisfy project needs requires time. Hiring and training delays delayed construction progress. The skills deficit intensified competitiveness for competent workers among regional construction projects. Due to competition from other big building projects, the Hinkley Point C project encountered labour shortages and delays.
 Brexit Uncertainties have also caused delays. Brexit uncertainty hampered project planning and delayed Hinkley Point C. After the UK left the EU, trade restrictions and agreements changed, creating uncertainty for regional firms and projects. These concerns influenced Hinkley Point C's component and material procurement, potentially delaying construction. Negotiations could affect UK-EU trade legislation during the transition period. Tariffs, customs, and regulatory uncertainty hampered cross-border trade (Kerzner, 2017). Thus, EU suppliers' crucial equipment and materials were delayed, delaying the project's completion. Brexit also affected labour availability. EU accession required UK-EU labour mobility. Brexit could have harmed skilled labour availability, primarily if the project relied on EU personnel. Project delays may have resulted from immigration restrictions limiting eligible workers. Brexit uncertainty affected financing and investment decisions. Investors and financial institutions may have been wary of long-term projects like Hinkley Point C due to post-Brexit economic uncertainty. Delayed finance and investment thus affected the project's financial feasibility and timeline.
Another cause of delays has been Supply Chain Disruptions: The Hinkley Point C project was delayed by supply chain disruptions, including the COVID-19 pandemic. Supplier production and logistics issues caused significant component and material delays. A nuclear power plant requires complicated, specialised equipment from a few suppliers. Suppliers have production concerns or component delays, leading supply chain disruptions has led to delays (Young, 2016). Though necessary to mitigate supply chain interruptions, locating alternate vendors or commodities from different regions led to delayed procurement. Finding new suppliers, negotiating contracts, and guaranteeing quality have also delayed construction. The project required shipping significant components, and transportation and logistics issues have emerged. Customs clearance, port congestion, and weather have caused project delays.
Technological Complexity and Design Changes: Hinkley Point C's European Pressurized Reactor (EPR) technology brought engineering hurdles. Creative solutions were needed to meet this advanced nuclear technology's demanding design and operating needs. Safety, efficiency, and power plant reliability required design adjustments (Glasson et al., 2021). These changes delayed construction and commissioning. Engineers found design tweaks that might improve safety early in construction. These changes were meant to strengthen the plant's resistance to earthquakes, floods, and other disasters. While necessary for safety, these design changes required more technical research, simulations, and approvals, delaying the project timetable.
Regulatory and Environmental Compliance: The nuclear plant follows tight regulations to protect the public and the environment. The Hinkley Point C project followed these strict standards and took extra safety precautions (Jenkins et al., 2017). These criteria affected construction and operation, extending timescales. Regulatory compliance slowed the project's licensing procedure. The nuclear power plant's operation required extensive licensing before construction. This approach included rigorous safety assessments, environmental impact studies, and public consultations. Regulatory approval's extensive review delayed the project's pre-construction phase. Safety inspections and management during construction ensured regulatory compliance. Discrepancies required correction actions, which also led to delayed construction. Environmental compliance added further complications (Jenkins et al., 2017). The project required safeguarding local ecosystems, responsibly managing garbage, and limiting habitat effects. Environmental considerations required careful planning and coordination, potentially delaying construction.
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 With this being a nuclear plant project, the Hinkley Point C quality stakeholders have been on the top frontline to ensure the highest safety standards. Quality stakeholders include regulatory authorities, independent inspection agencies, and quality control and assurance experts.
Stringent Safety Standards and Regulatory Compliance: Meeting safety and regulatory standards have delayed project execution. Like regulatory authorities, quality stakeholders implement comprehensive nuclear safety procedures to protect public health and the environment. These procedures might include design revisions/ changes, construction requirements, and extensive inspections, extending project timelines (Armenia et al., 2019). Quality stakeholders, especially independent inspection agencies, require thorough quality management and assurance throughout the project's lifetime. Thorough inspections in different project phases revealed faults that needed fixing and changes, causing delays and extra costs. Design Adjustments and Rework: Quality stakeholders in different phases have also suggested design adjustments or rework to achieve the highest quality. Safety, efficiency, and regulatory compliance can drive these adjustments. While necessary for quality, design revisions and rework have delayed construction and extended the project timetable and the cost needed for the whole project (Kerzner, 2017). 
Coordination and Communication Challenges: Project teams and quality stakeholders must communicate well. Disagreements in requirements or delays in project milestone approvals have caused delays. Communication gaps can be avoided with good collaboration and responsiveness. Project Inspections and Audits: Quality stakeholders check and audit projects to ensure compliance with quality standards leading to more time in the phase (Lock, 2020). These audits ensure quality but may also reveal non-compliance concerns or anomalies that delay project implementation. Learning Curve and Adaptation: Quality stakeholders in complex technical projects like Hinkley Point C may experience a learning curve as they adjust to the new systems. Adjustments to procedures and work practices throughout this learning phase may delay productivity and efficiency. Dispute Resolution and Legal Processes Quality stakeholders may dispute project features (Fewings and Henjewele, 2019). Legal actions can delay projects and increase costs. In the Hinkley Point C project, quality stakeholders have disputed certain design features or safety measures, leading to legal actions that caused delays and increased project costs.
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[bookmark: _Toc141921347]Communication and scope integration issues caused delays and overruns in the Hinkley Point C project. The initiative involved government agencies, local communities, investors, and contractors. Coordinating and harmonizing their interests and expectations was difficult, causing decision delays and conflicting priorities (Armenia et al., 2019)—nuclear regulatory compliance requires excellent attention to detail and clear communication between the project team and regulatory authorities. Delays in securing approvals and passing strict compliance criteria could have slowed the project.
Scope integration 
Engineers had to integrate existing project components with sophisticated European Pressurized Reactor (EPR) technology. The intricacy of incorporating this modern technology into the project's design and construction caused unexpected issues (Demirkesen & Ozorhon, 2017). Safety and operational efficiency required design adjustments, which could delay scope integration. Throughout construction and operation, uncertainty hindered scope integration, necessitating project scope reassessments. Scope issues delayed and overran Hinkley Point C.
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several other elements in the initial project plan contributed to the substantial overruns and delays experienced in the Hinkley Point C project. The project's advanced EPR technology introduced uncertainties that were hard to predict. Novel nuclear power station construction and commissioning pose risks and obstacles, resulting in unexpected complications. Uncertainties have delayed engineering and execution, affecting the project's timeframe and budget (Armenia et al., 2019).
There have also been Geotechnical issues; the project's Somerset location presented geotechnical issues that had been overlooked in the initial proposal. Soil, groundwater, and geological stability required further technical and construction adjustments (Padalkar & Gopinath, 2016). Geotechnical issues have slowed project development and increased modification expenses. Stakeholder Management: The project strategy may have underestimated stakeholder management's complexity. Hinkley Point C has many stakeholders with different goals (Demirkesen & Ozorhon, 2017). Approvals, public concerns, and local community issues may have caused delays—stakeholder participation and management speed up project progress. Extreme weather and seasonal constraints have slowed the project. Weather delayed and cost building. A thorough review of previous weather data may have improved planning and risk reduction. Large-scale projects require sufficient finance and investment. The initial project plan underestimated the time and funds needed to complete the project. Funding delays can delay the project and increase costs (Demirkesen & Ozorhon, 2017). Good project governance and decision-making help manage complexities and obstacles throughout the project's lifecycle. The initial plan to some extent lacked governance or quick-resolution procedures. Delaying important decisions or coordinating project parties may have caused delays. The initial project also underestimated construction labour productivity fluctuations. Worker tiredness, turnover, and labour disputes slow production and increase costs.
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In conclusion, the Hinkley Point C project study budget overruns and delays have been caused by various factors. The factors caused delays and budget overruns, necessitating careful analysis and proactive management in future large-scale projects. Advanced EPR deployment was complicated. Underestimating the complexity caused design adjustments and construction and commissioning issues. Regulatory compliance and safety standards required extensive examinations and clearances, extending the project's timetable. The COVID-19 pandemic and Brexit uncertainty caused delays. COVID-19 limits disrupted crucial component deliveries, while Brexit concerns hampered trade regulations and labour availability, affecting project planning and execution. The project plan also underestimated construction labour shortages and skills gaps. Hiring qualified staff took time, delaying project implementation. Budget overruns were worsened by financing issues and investment delays, underscoring the importance of financial planning and finance. Inadequate contingency planning exposed the project to unexpected risks and obstacles, increasing costs and timelines. Geotechnical obstacles, stakeholder management issues, weather and environmental conditions, and project governance issues were not adequately addressed, compounding the project's problems. , the Hinkley Point C project is a crucial case study for future large-scale projects, underlining the significance of careful planning, risk assessment, and proactive management. To succeed, project stakeholders must use thorough contingency planning, tight engagement with quality stakeholders, and clear communication. Technological complexity, regulatory compliance, labour planning, supply chain management, and external influences require a holistic approach to the project's issues. By applying Hinkley Point C lessons, future projects can reduce delays and financial overruns and improve efficiency and success. 
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