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Hinkley Point C project is a two-unit nuclear power plant in Somerset, England. It will be the first new-generation nuclear power plant in the country (edfenergy.com, 2023). Nuclear energy is a sustainable source of electricity.  The project is financed by two private companies Electricite de France (EDF) and China General Nuclear Power Group (CGNP).  The purpose of this project is to achieve net zero emissions by using renewable sources of energy. It is going to have positive economic, social and environmental impacts. The construction project will generate 25,000 employment opportunities and 1000 apprenticeships (edfenergy.com, 2023). Low carbon-emission would reduce environmental impact. It will offer clean and affordable electricity to millions of people in the UK. However, there are risks related to the quality, time and budget of the Hinkley Point C project.  These risks are arising due to the large scope and complexities of the project. 
The project has faced delays and cost overruns since its initiation due to uncertain events such as the pandemic and inflation. The success of this project is crucial, as it is an expensive project. Regular delays are affecting the trust and engagement of stakeholders in the project. Therefore, this essay will critically evaluate the core elements of nuclear power plant projects to identify reasons for cost overruns and delays. Elements of the project initiation plan such as project scope, budget, assumptions, stakeholders and constraints will be analysed to find the reason for quality issues in the project.
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Project Scope
Hinkley Point C project is expected to be built in over 20 years and it will have a total lifespan of 60 years. It aims to offer low-carbon electricity to 6 million UK homes. It will meet 7% of the total electricity needed in the UK. The two ERP reactors of this power plant are expected to offset 9 million tonnes of carbon dioxide emissions every year (edfenergy.com, 2023). The twin unit can generate 3,260MW of low-carbon and secure electricity for the next 60 years. Two European pressurised reactors (EPR) of 1,630MW will be installed in a power station.  Each power generation unit will consist of a reactor building of 7000 m2, one fuel building, an access tower, four safeguard buildings and a conventional island for accommodating ancillary buildings and a turbine hall. The reactor core can produce 4,500MW of heat, as it comprises 241 fuel assemblies. The reactor pressures vessel will be enclosed by a "double-shell concrete containment building" in a 64m-high reactor building with a leak-tight metallic liner. The generated electricity will be transferred to the adjacent switchyard building by 400kV transformers (nsenergybusiness.com, 2023). 
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Figure 1: Project Scope
(Source: assets.publishing.service.gov.uk, 2023)
It is an ambitious and costly project which will involve infrastructural development and generation of nuclear energy. However, the environmental and economic impacts of this project should be considered in the project scope. Project delays can increase overall costs and affect the quality of deliverables. There is a risk of toxic contamination, thermal impacts, entrainment, impingement of water bodies and disturbance to birds (assets.publishing.service.gov.uk, 2023). The heat generated from the power plant can increase water temperature and affect the food source of birds and fish. There are radioactive waste storage facilities and water treatment facilities included in the scope of the project. However, there are no solutions for preventing adverse impacts on birds. 
Budget Assumptions
The Hinkley Point C project was assumed to be fully financed by EDF and CGNP.  The total estimated cost of construction, regular operation, decommissioning and toxic waste management was £45.5bn in 2016.  In September 2015, the UK government promised a debt guarantee of £2bn and CGNP agreed on an investment of £6bn. The strike price of £92.50/MWh was guaranteed by the UK government in 2012, which was reduced to £89.50/MWh in 2016 (nsenergybusiness.com, 2023). The price has increased to £106/MWh in 2021 due to increasing inflation. The total estimated cost of construction by EDF was £18bn in 2016 and a bill of £23bn was put by the company in 2021. 
Greater delays in the project will increase the cost however, prices for the consumer will not be changed due to fixed prices by the government (bbc.com, 2023). 
Since the beginning of the Hinkley power project, the project is subjected to delays and increases in budget. Controversies have been part of this project since the initial announcement. national security, environmental safety, high base price and financial risks for investors have affected the project's progress. In June 2022, EDF executives proposed that the cost of construction might reach $40bn with the increasing market inflation (Cossins-Smith, 2023). As per the joint venture agreement, EDF can ask CGN for more capital in Hinkley with changes in the budget.  EDF is already at a loss and withdrawal of CGN from funding can increase the cost burden on the company. 
Assumptions
The Hinkley Point C project was based on less favourable and reasonable assumptions related to fuel prices, environmental safety and renewable costs. The report of the national audit office (NAO) stated that the department did not consider risks and costs related to consumers. Alternative approaches could have mitigated the delays and cost overruns. The success of this project depends on future fuel prices, the development of energy technology and the cost of alternative electricity generation. The price guarantee would be funded via consumer bill (nao.org.uk, 2022).  An inspection by Office for Nuclear Regulation (ONR) indicated quality issues in the Hinkley Point C project. As per the investigation, several key areas need improvement. The first area is project leadership, which lacked clarity (McIntyre and McIntyre, 2018). The second area is quality management, as quality measures are not adequately implemented in the project. The quality organisation requires to focus on supply chain and construction activities to mitigate delays and waste. Project assurance arrangements also required changes. Independent inspections help ensure high standards of quality and safety in the project. 
Constraints
Budget: The first constraint of the Hinkley Point C project is high budget.  According to the NAO report, it is an expensive and risky project (theguardian.com, 2017). It is a privately funded project and higher costs can increase financial vendor on investors. The cost of construction has increased to £23bn in 2022, which was estimated at £18bn in 2016 (bbc.com, 2023). Regular delays and increasing inflation are affecting the total cost of the project. It can result in delays and quality issues due to unavailability of funds.


Time: The second constraint is delayed in the project due to uncertain events. Unit 1 of the project was expected to be completed in 2025 and the second unit in 2026. The covid-19 pandemic interrupted construction activities. In 2021, the company pushed back the completion date to June 2026. It announced a further year-long delay due to uncertain events in 2022 (Moore and Moore, 2022). These delays are increasing the cost and uncertainties related to the delivery of the project. 
Environmental safety: Next constraint for the project is environmental concerns such as the impacts of the project on waterbodies, birds and waste management. Nuclear power plants generate toxic waste and heat that can affect natural surroundings (assets.publishing.service.gov.uk, 2023). Construction activities also continue to waste and noise. Negligence in managing environmental impacts can create controversies and delays. It also requires investment in waste management technologies to manage toxic waste.
Stakeholders and their Involvement
The main stakeholders of the Hinkley Point C project are owners, contractors, consumers and the UK government. It is a joint venture of France's state-owned company EDF Energy and China's state-owned company CGN. EDF Energy has a 66.3% stake and CGN has a 33.5% stake in the venture. UK government approved the deal and permitted the construction of the project. The main contractors in the project are Framatome, Bouygues and Laing O’Rourke, BAM Nuttall and Kier, Balfour Beatty, German engineering firm Bilfinger and National Grid of UK (nsenergybusiness.com, 2023). EDF and CGN are mainly responsible for the funding of the project. EDF is a key organisation with a higher stake in inventing the main portion of total investment. Government is responsible for ensuring compliance, public and environmental safety through inspection and approvals. Contractors are responsible for construction planning and execution activities. Consumers will receive affordable and sustainable electricity.
Stakeholders are losing interest in the project due to regular increases in budget, environmental risks and delays. Funding for the project is the responsibility of CGN and EDF. These businesses are already experiencing financial stress due to the pandemic. Meeting additional fund requirements for the project can be difficult. Inspections and audits of the project have shown quality issues, environmental impacts and a longer cost burden on consumers. These issues are creating a conflict of interest among stakeholders and resulting in cost overruns.



Project Organisation Structure and Roles and Responsibilities
The Hinkley Point C project is an industrial partnership between the EDF group and CGN. Initially, the partnership agreement was signed by EDF, AREVA, CGN and CNNC. These companies have a long history of working together on international projects. The equity share held by each company was EDF group 45-50%, AREVA 10%, CGN and CNNC 30-40% (edf.fr, 2023). All the partners were responsible for sharing risks and budgets in their equity holding rations. EDF and CGN were responsible for project planning, execution and compliance. AREVA and CNNC were responsible for nuclear logistics services. Later EDF acquired AREVA and CGN merged with CNNC (world-nuclear-news.org. 2023). EDF became a major partner in the project and it was responsible for meeting key funds requirements. 
The partnership helped improve project efficiency and ensure the availability of funds. All partners had clear roles and responsibilities. Skills and technologies from different parts of the world were available for project completion. However, the issue arises with different work styles and opinions of partners. CGN is failing to meet its share of extra payment in the project, as it has reached its committed equity cap (ft.com, 2023). The UK government and EDF are looking for new investors for the project.
Project Control Mechanisms
Hinkley Point C project is a big project with thousands of engineers working on the power plant. Strong communication skills and channels are required for ensuring a consistent flow of clear communication. It was difficult to maintain communication with complex stakeholder groups and international teams. "MI-GSO | PCUBED” is responsible for the monitoring of projects, facilitating communication and synchronising processes between engineering groups. The control team include a cost controller, project manager and schedulers to support engineering activities. Communication barriers are quick to remove and avoid any communication gap. project schedule is for dividing sub-projects into hundreds of interlinked activities. A single Gantt chart was not sufficient for managing complex project schedules therefore, Primavera P6 is used for monitoring interlinked activities (Wheeler, 2021). However, covid-19 pandemic was the greatest hurdle in managing control mechanisms.  Significant delays were prevented by driving project engineering developments. Inspections have also identified quality issues and a lack of clarity in the project due to leadership issues. Hence, the control system requires improvements for better quality control.



Reporting Framework
Recording and managing data in a large project is a complex process. Reporting is used for recording and storing all types of data for audits, inspections and analysis. Hinkley Point C project has a dedicated team for project reporting.  “MI-GSO | PCUBED" is also responsible for reporting cost status and overall project. A monthly control cycle is followed, which audits and reinforces data within the tools that are aligned with project objectives. Nuclear projects attract significant audit, approval and regulation requirements (Wheeler, 2021). Hence, good traceability of data is important. The reporting and control teams also ensure accurate and detailed documentation of the cost component of project scheduling. This reporting is used as a historic record of project activities and learn lessons from past mistakes. Reports and documents of the project have been used for project audit and issues are identified. However, the report does not clarify information related to all stakeholders. It only provides necessary information related to the project.
Project Planning with Milestones
The Hinkley Point C project was expected to be completed within ten years. This duration was further divided into five stages. The first stage was earthwork, which involved preparing the ground for construction. The resources involved in this stage are project managers, plant operators and earthwork workers. The second phase was civil construction which involves the development of infrastructure for the project. Construction supervisor crane and lifting operators, carpenter and concrete workers operate at this stage. It is the longest phase of the project which would take 5 years to complete.
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Figure 2: Project Milestone
(Source: assets.publishing.service.gov.uk, 2023)
The third phase is mechanical and electrical work. Engineering and air conditioning works will be completed at this stage. The fourth phase is commissioning which involves maintenance, cable polling and electrical installation. The fifth phase is site clearance and landscaping, which involves group maintenance. The project is delayed for a year due to the pandemic and cost overruns. It will take three more years to complete unit one of the projects.
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Thus, it can be concluded from the essay that the Hinkley Point C project is the first and crucial nuclear power generation project which started in 2016. It is expected to take 10 years in competition of two nuclear power generation units. The project has defined control and reporting process.  Stakeholders of the project are industrial partners, the UK government, consumers and local authorities. However, the project is delayed by a year due to the pandemic and high inflation. Fund availability has become an issue and one of the partners is not willing to meet additional fund requirements. Hence, the financial burden on the EDF group is increasing.  There are also quality and sustainability issues associated with the project. The project lacks clarity due to high complexities and some areas require improvement. 




Recommendations
Effective planning: The issues of the Hinkley point C project can be addressed by effective planning of project tasks, waste management, budget and scope. Quality issues in the project are the result of poor planning. Industrial partners could have considered the market uncertainties and explored cost-effective ways of electricity generation to engage stakeholders in the project. Strong leadership can also offer clarity in quality arrangements.
Consider environmental impacts: Next suggestion for the given project is consideration of environmental consequences of the project. High heat and toxic wastes can be reduced or disposed of safely to ensure the safety of nature and living beings in the region. Environmental issues can raise questions about the project activities and create resistance from local communities and authorities.  A sustainable approach can support the consistent execution of activities.
Cost-effective alternatives: Cost is a major concern for nuclear energy plants. Higher costs would increase the prices of electricity in future (Cossins-Smith, 2023). Hence, alternative renewable energy sources can be explored for affordable electricity generation. Solar, wind and steam energies can be used with nuclear energy to ensure an affordable electricity generation process. Government can also support nuclear power plants through financial support.
Strong Leadership: Big infrastructure projects requires strong leadership to manage diverse teams, collaborations and changes. Quality standards can be managed by regular guidance and supervision from leaders. Hinkley Point C project also requires effective leadership for clarity of reporting, communication and change process. Leaders can use innovative approaches to manage performance and project quality. 
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