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The Role of Nuclear in the United Kingdom Energy Mix
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Jonathan Dixon




With growing concerns of global warming the need to reduce carbon emissions in energy production is higher than ever. The united kingdom once led the way for nuclear generation but now has seen many of its power stations close. However, with the opening of Hinkley Point C the United Kingdom is once again investing in nuclear power. This report looks at the potential of nuclear generation within the United Kingdom and identifies key issues with regards to nuclear waste and its disposal.  In addition to this, this report will compare nuclear and wind energy to identify which can have a greater impact in the United Kingdom energy mix. This report concludes that nuclear energy is still beneficial to the United Kingdom, as it generates large amounts of energy while producing a small amount of carbon emissions. However, developments could be made to improve waste disposal as this still poses a threat to both the environment and human health.




Contents
1.	List of figures	2
2.	Introduction	3
2.1	Rationale	4
2.2	Research Aim & Objectives	4
3.	Waste	5
4.	Nuclear generation	7
5.	Compared to on-shore wind generation	9
6.	Results and evaluation	10
7.	Conclusion and Recommendations	11
Reference List	12


1. [bookmark: _Toc506326508]List of figures
Figure 1: List of Materials Produced in Reprocessing Spent Nuclear Fuel (BBC, 2000).	5
Figure 2: Process of Reprocessing Spent Fuel Rods (BBC, 2000).	5
Figure 3: Amount of Electricity Supplied from Different Sources	7
Figure 4  Percentage of Electricity Created from Renewable Sources in the UK	9
Figure 5 land use required for nuclear compared to wind energy	10

 









2. [bookmark: _Toc506326509]Introduction

The use of nuclear energy has grown rapidly in recent years with 30 countries operating 449 nuclear reactors worldwide. With a further 60 reactors in construction in 2017 the use of nuclear energy is growing. Despite there being just over 500 nuclear reactors operational or in the construction phase this only represents a relatively small contribution to the overall world energy supply. Nuclear generation accounted for 11% of the world’s electricity production in 2014 (NEI, 2018).
The production of nuclear power has two main benefits. Firstly, nuclear generation helps provide a stable base load and secondly, it provides energy security to a nation. This allows the country to become less reliant and more self sufficient (Rowe, 2018 p. 38). Nuclear energy is often portrayed as being a low carbon form of generation (EDF, 2018).  However with as many environmental groups believe the carbon cost of constructing and maintain a nuclear power plant are high.
At the start of 1990s there was much speculation about the future of nuclear generation due to the Chernobyl disaster. The publics opinion was against nuclear power to a point where “few countries were planning on expanding their nuclear programmes” (Lidgate, 1990 pp 27). However, in recent year’s public support for nuclear and other low carbon generation has grown, a survey conducted in May 2012 showed 22% of British adults believed nuclear energy is the best choice for Britain’s energy generation needs compared to other forms of generation (Henry, 2012).
Nuclear energy plays an important role in the United Kingdom energy mix (Rising & Bannara, 2017). Nuclear energy has been a part of the United Kingdom energy mix since 1956 when Calder Hall first became operational. Calder Hall was the first commercial nuclear power plant in the world and set the path for nuclear generation in the United Kingdom (BBC, ND).Currently the United Kingdom has 15 operational reactors. The majority of nuclear reactors in the UK were constructed between 1965 and 1988 and so are out-dated. Many of these reactors are Advanced Gas-cooled Reactors (ARG) however the United Kingdom does have 1 pressurised water reactor (PWR). Together these reactors generated 21% of the energy produced in 2016 (WNA, 2017). The United Kingdom is in the construction phase of a brand new nuclear facility named Hinkley Point C this is a power station consisting of 2 modern third generation pressurized water reactor (PWR) that are predicted to create enough power for six million homes (EDF, 2018). 



2.1 [bookmark: _Toc506326510]Rationale

The amount of energy required to be generated by the United Kingdom has continued to grow each year. The final energy consumption increased by 2,167 thousand tonnes of oil equivalent (ktoe) between 2015 and 2016 (Beis, 2017, p5). As a result of this the forecast for global emissions were expected to rise by 36.8 gigatonnes from fossil fuels and industry in 2017. Creating a 2% increase on emissions levels from 2016 (Hansford, 2018).
Many European Union member states including the United Kingdom are attempting to move towards a low carbon future. This has been brought on by the growing concerns of climate change. The European Commission has put in measures to slow down the effect of global warming and has stated “by 2050, the EU should cut greenhouse gas emissions to 80% below 1990 levels” and that the “The low-carbon transition is feasible & affordable” (European Commission, 2018) “More than ever the United Kingdom needs to ensure it continues to have a secure, reliable and available supply of low carbon power to meet our changing requirements” (Greatrex, 2017, pp 27).
In the United Kingdom the use of low carbon technology to generate electricity has become more popular. This has led to the share of energy generated from low carbon sources to increase slightly from 46.2 per cent to a record 46.5 per cent in 2016 (BEIS, 2017, p111). 


2.2 [bookmark: _Toc506326511]Research Aim & Objectives

The aim of this report is to investigate the key issues associated with the delivery of electricity generated by nuclear power within the United Kingdom.
The objectives are to:
· Explore the potential of nuclear generation once a power plant is operational.
· Identify issues with the waste generated during nuclear generation.
· Compare the use of nuclear generation against other low carbon sources of energy.




3. [bookmark: _Toc506326512]Waste 

The United Kingdom has created around 4.3 million cubic metres of nuclear waste and is predicted to create another 4% in the next century (Vella, 2014). Much of the United Kingdom’s nuclear waste was created during the research and development phase of nuclear technology. Today radioactive nuclear waste is generated from 8 nuclear power stations located around the United Kingdom however, the majority of waste is produced from reprocessing spent nuclear fuel at the Sellafield nuclear complex located in Cumbria. This accounting for roughly 78% of waste currently created (NDA, 2013).
There are only two commercial nuclear reprocessing plants in the world one in Sellafield, UK and the other in Cogema in France (BBC, 2000). 
Sellafield's reprocessing centre receives spent nuclear fuel from 34 nuclear power plants around the world. This spent nuclear fuel can then be recycled and returned to the power stations it came from.  97% of the spent fuel can be reused. 
Reprocessing one tonne of fuel saves roughly 100,000 barrels of oil, according to BNFL. The Selllafield reprocessing complex has been in decline and is due to be decommissioned. (Pearce, 2015).
Reprocessing involves stripping the metallic outer casing of fuel rods and extracting the spent fuel. The spent fuel is then dissolved in hot nitric acid. This splits the fuel in to 3 products these being uranium, plutonium and radioactive waste see figure 1 (WNA, 2017), (BBC, 2000).
	Material produced
	Amount produced (%)

	Uranium 
	96

	Plutonium
	1

	Radioactive waste
	3


[bookmark: _Toc506326518]Figure 1: List of Materials Produced in Reprocessing Spent Nuclear Fuel (BBC, 2000).
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[bookmark: _Toc506326519]Figure 2: Process of Reprocessing Spent Fuel Rods (BBC, 2000).
Waste plutonium can be combined with uranium to make a mixed oxide fuel called Mox, this then can be recycled and used in energy generation. 
During the nuclear process a waste substance is created that when disposed incorrectly can cause devastating damage to the environment and human health. Nuclear waste is a long lived and extremely dangerous substance. 

1980 the United Kingdom Government began a search for a suitable disposal site for its nuclear waste. The method of deep underground storage was suggested as many experts believe deep underground storage is the best option available (Carrington, 2014).
“The waste exists and deep geological disposal is by far the best solution but we should have a genuine national search for technically qualified sites” (Haszeldine, 2015, pp 27) (NDA, 2017)

Initially, Sellafield was chosen for the site however due to protests from environmental groups over safety and environmental concerns the plans for reprocessing and storage were abandoned. Sellafield is currently in decommission phase and is set to close in 2018 (GOV, 2017).

One of the main challenges with deep underground storage is ensuring that the nuclear waste does not leach into ground water sources, as this could lead to radioactive waste rising to surface level. The United Kingdom is at an advantage compared to other countries as the lack of seismic activity allows for safer storage (NDA, 2009).

The Nuclear Decommissioning Authority (NDA) is responsible for the efficient and safe clean up of the United Kingdom’s nuclear legacy. 
The United Kingdom has committed with International Atomic Energy Agency (IAEA) to put in place nuclear safeguards. These are processes that allow member countries to communicate to the international community that civil nuclear material is only used for civil activities (NDA, ND)














4. [bookmark: _Toc506326513]Nuclear generation 

Nuclear energy production is considered both a reliable and efficient form of generation. The average nuclear energy facility is operational 90% of the time, providing a steady base load of electricity. The uranium pellets used in the nuclear process are extremely efficient with one 6 gram pellet providing as much fuel as 149 gallons of oil, 17,000 cubic feet of natural gas or 1 ton of coal (BNFL, 2018). The energy requirements of the average American household would require 5 uranium pellets per year whilst the average UK household would require only 3 (BBC, 2000), (NEI, 2017).

In 2016, 336 Terra Watt hours (TWh) of electricity was produced in the United Kingdom with 324 TWh supplied to the National Gird. With just under a quarter 72 TWh, (21%) of electricity being generated is from nuclear sources (BEIS, 2017). Once Hinkley Point C is operational is it going to provide 7% of the United Kingdom’s electricity (Vaughan, 2017).
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[bookmark: _Toc506326520]Figure 3: Amount of Electricity Supplied from Different Sources






France is often referred to as being the world leader in nuclear energy production. In 2016 72.8% of their energy demand was met with the generation nuclear energy (NEI, 2018). However, France is aiming to reduce the percentage of energy created from nuclear sources by 2025. This is due to new policy that aims to improve energy security by having a more varied energy mix (WNA, 2018).

France has 58 nuclear reactors, the first 8 constructed were gas cooled reactors similar to the ones found in the United Kingdom. Électricité de France (EDF) helped develop the pressurised water reactor (PWR) which eventually went on to become the dominant type of reactor for the majority of the world's nuclear power plants. However, in the United Kingdom the majority of reactors are Advanced Gas-cooled Reactor (ARG) with the expectation of Sizewell B That is the only operational PWR in the United Kingdom (WNA, 2017).

In 2015 France produced a higher level of electricity than the United Kingdom. France produced 568 TWh of electricity compared to 336 TWh in the UK. France produced 437 TWh of electricity from nuclear generation, this accounted for 77% of the total energy produced in France. 
This however, is more than the United Kingdom energy demand and if the Strategy used by France was repeated in the United Kingdom there is the potential to run the whole country on nuclear power. This opens up the possibility of a nuclear future in the United Kingdom.

The amount of land required for a nuclear power plant is extremely small in comparison to other low carbon technologies. The average 1000 Mega Watt (MW) nuclear power plant requires 1.3 square miles of land once operational (NEI, 2015).

The average life span of a nuclear power plant in the United Kingdom is typically around 40 years. However, In the USA plans have been put forward to drastically increase the amount of years a nuclear power plant can be operational. It is expected that and an additional 50 to 90 years will be added to the lifespan (Hope, 2014), (Voosen, 2009).

















5. [bookmark: _Toc506326514]Compared to on-shore wind generation

Energy created from renewable sources has increased gradually since the early 2000’s, this is a result of both national and international incentives such as the EU Renewable Energy Directive. This requires member states to work together to generate at least 20% of the EU’s energy demand from renewable sources by 2020 (BIES, 2017, p 153).
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[bookmark: _Toc506326521]Figure 4  Percentage of Electricity Created from Renewable Sources in the UK

The use of wind farms have become more popular in Europe, with the United Kingdom generating around 18.6% of energy created by renewable from wind energy projects. However, on-shore wind energy saw a large fall in generation from 2015 to 2016. This saw a reduction of 8.4%, despite wind energy having a 1.7 GW increase in capacity (BIES, 2017, p 161).
This reduction is due to lower wind speeds in 2016 which resulted in less turbines generating electricity. 2015 saw some of the highest wind speeds in fifteen years, higher wind speed allows each individual turbine to generate more energy. This shows that wind farms lack reliability and can never be used to create a steady base load for a nation.
It is common for large scale wind energy project to use a vast amount of land. A 1,000-MW wind farm would require approximately 133 square miles (DOE, 2012).
6. [bookmark: _Toc506326515]Results and evaluation

When comparing the generating power of nuclear and wind energy, nuclear generation is far superior. One 1154 megawatt nuclear power plant can produce 9,098,136 Megawatt Hours of electricity per year. to generate the same amount of electricity per year, a wind far must comprise of 2077 2 megawatt wind turbines. Nuclear has a far higher capacity factor at 90% this is due to nuclear generation creating a constant output. Nuclear power stations are rarely offline. The main reasons for them to be shut down are for maintenance and refuelling. Wind turbines have a capacity of 25% due to a variable output that is based on weather conditions (Correia, 2013).
The average life span of a nuclear power plant is higher of that of a wind farm. Nuclear power plants have a average life span of 60 years compared to 20-25 years for wind farms (Voosen, 2009), (Mendick, 2012).
Nuclear requires a small amount of fuel, a single piece of uranium can generate a massive amount of power and then can go on to be recycled. Uranium is relatively common element and is found in pockets all over the world including Canada, Australia and many parts of Africa.   Uranium is referred to as being as common as tin or zinc (WNA, 2016). The Nuclear Energy Agency (NEA) has estimated the amount of uranium that is economically accessible and states “reactors could run more than 200 years at current rates of consumption” (Fetter, 2009). Wind energy requires no fuel and once operational have no fuel or carbon cost.
The land use involved with nuclear production is small compared to that of wind farms an 1800 megawatt nuclear power plant housing two reactors, would use around 1.7 square miles of land compared to a wind farm with the same output would require 169 square miles (Entergy, ND).

	Technology
	Capacity (%)
	Square miles required for 1800 MW 

	Nuclear
	90
	1.7

	Wind Farm
	20-25
	169



[bookmark: _Toc506326522]Figure 5 land use required for nuclear compared to wind energy





7. [bookmark: _Toc506326516]Conclusion and Recommendations

In conclusion, nuclear energy plays an important role in the United Kingdom energy mix and is a beneficial tool for tackling raising carbon emissions. The United Kingdom has led the nuclear world before and has the potential to do so again. There is potential for the United Kingdom to generate more power from nuclear sources However, issues with safety and treatment of waste may see the United Kingdom move towards other low carbon technologies in the future.
The benefits of nuclear include a steady base load which is crucial to creating energy security. In addition to this nuclear generation is beneficial to the United Kingdom as it reduces carbon emissions which help reach EU targets.
Future research needs to develop safer ways of dealing with nuclear waste, the method of storing waste for long periods of time is unsustainable and dangerous to both the environment and human health. Many renewable energy technologies cannot compare to nuclear generation in terms of amount of energy produced. Further developments need to be made before renewable energy can replace nuclear power.
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