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[bookmark: _Toc25329652]Abstract
This paper explores nuclear energies role in tackling climate change, the investments needed in renewable energy and will take a look at Germany as an example of a country that has invested heavily into renewable energy sources and taken an anti-nuclear stance. Are subsidies into renewable energy alone a good enough effort to reduce a countries carbon emissions output and what is the effect on energy prices caused by large investments into renewable energy sources. Considering growing carbon emissions there needs to be a debate on the best way of utilising nuclear and renewable energy to halt global warming.
[bookmark: _Toc25329653]Introduction
Rising carbon emissions contributing to global warming is a hot topic in today’s media, reversing this trend and staying within the temperature limits set within the Paris agreement will be a significant challenge for governments to tackle. Nuclear power generation and renewable energy investments will play a major role in achieving decarbonisation of the energy sector providing low carbon energy to the electrical grid.
Renewable energy sources are currently the most talked about form of low carbon-energy and countries such as Germany and china have invested heavily in renewable energy sources to try and combat their growing carbon emissions and reduce energy costs on the consumer. However, in the case of Germany they have been neglecting nuclear power as a viable power source of energy which has led to coal still playing a major role in their energy sector and an increase in costs to the consumer.
Do countries like Germany need to rethink their position on nuclear energy or is nuclear energy a relic of the pre-renewable energy world.


[bookmark: _Toc25329654]Literature review
In the paper “What is better for mitigating carbon emissions – Renewable energy or nuclear energy? A panel data analysis” it found that from the results of its causality tests nuclear energy did not contribute to a reduction in carbon emissions unlike renewable energy and therefore the development and expansion of renewable energy and not nuclear would be the best way to prevent climate change. [1]
However, Looking at the paper “A wedge or a weight? Critically examining nuclear power’s viability as a low carbon energy source from an intergenerational perspective” it claims many studies have found that nuclear energy is a low cost, low carbon alternative to fossil fuel power plants such as coal. One study found that if nuclear energy was not available then it would result in up to 50% more investment being required to achieve zero carbon emissions. A report even went as far as claiming replacing nuclear energy with renewables such as wind and solar was “neither economically viable nor environmentally friendly”. [2]
From these papers we can see that there is a difference in the conclusion that some of the literature comes to when discussing the benefits of nuclear or renewable energy, even in the later paper “A wedge or a weight? Critically examining nuclear power’s viability as a low carbon energy source from an intergenerational perspective” there are a few different projections on the cost and benefits of nuclear energy one finding that nuclear energy had a relatively small impact on carbon mitigation. 
This can be partially attributed to the different models and level of detail used to analyse nuclear energy’s carbon emission output. The approaches taken to measure this ranged from treating nuclear energy as a generic technology where all reactors are the same to a more detailed representation that included looking at different types of nuclear reactors and the fuel cycle of each reactor.
It is alarming that in eighteen assessments on nuclear energy only eight looked at the fuel cycle and only five took into consideration nuclear waste, [2] nuclear waste is a big part of nuclear power generation with the cost of dealing with this waste being a key factor and concerns over how best to dispose of this waste being the centre of many debates with Delays in the Yucca Mountain waste repository project have led to additional costs of an estimated $13.7 billion through 2020 to the united states. [3]

[bookmark: _Toc25329655]Main body
Nuclear energy is currently an important player in world energy needs, in 2013 11% of the global electricity produced came from nuclear energy. Nuclear power is clearly a viable power source with its high energy output capacity and low fuel consumption and should therefore be looked at more closely with rising global energy demand. Currently more attention is directed at nuclear energy because of the relationship between nuclear energy and climate change, it is after all a low-carbon technology due to the fact over the course of nuclear powers life cycle its emissions are comparable to renewable energy sources. [4]
Through the production of nuclear energy over fossil fuels the acceleration of global warming that has been recorded over the last four decades has not been as severe with nuclear energy being attributed with preventing the annual release of between 1.2 and 2.4 giga tonnes of carbon emissions worldwide, when this is considered nuclear power can be seen as a major contributor to the decarbonisation of the electricity sector. [4]
Low-carbon energy sources are currently only supplying a 30% share of global electricity production, to meet the targets set in the Paris agreement of stabilizing global warming at 2 degrees Celsius this share must be dramatically increased to this end nuclear power is being considered as one possible solution for climate change mitigation. However, for it to have a more prominent impact on climate change a major expansion of nuclear power capacity would be required, an annual growth of 20GW after 2020 four times more than the current rate of expansion of nuclear capacity which is only 5GW per year since 2010. [4]
To reach the targets set out for decarbonisation by 2050 significant investments would be necessary and it has been suggested that a total investment of 4trillion USD would be needed into nuclear energy and with a decrease in nuclear investments after 1985 owing to large scale accidents for example the Chernobyl nuclear accident in 1986 which led to Italy returning to a non-nuclear energy status as opposition to nuclear energy became too strong and sparked the scepticism of nuclear energy in Germany, it seems unlikely that this level of commitment to nuclear energy will occur. [4]
Renewable energy sources such as wind, solar and hydro have the best potential for carbon emission reduction with china launching a large-scale renewable energy development plan for carbon emission reduction to improve air and water quality in the country. Many studies also point to investment into renewable energy causing economic growth and improving environmental quality by reducing dependence on fossil fuels. [5]
Presently renewables make up 24% of the global power production and 16% of primary energy supply, to achieve targets set out in the Paris agreement to curb global warming renewable energy sources would reportedly need to increase dramatically and make up 80% of global power production and 65% of primary energy supply. The total investment needed to decarbonise the energy sector in this way would cost an eye watering 29 trillion USD or 0.4% of global gross domestic product. [6]
The cost of transforming the global energy sector into a majority renewable energy system will be offset by significant growth to the global economy estimated at 0.8% by 2050, will generate many new jobs to replace the job losses in the fossil fuel industry [6] and is set to improve human welfare through the environmental and health benefits of less polluted air which is estimated to cause 4.3 million premature deaths every year. [7]
Germany is a country that is committed to renewable energy. Since the Fukushima disaster in 2011 Germany announced they would decommission all their nuclear power stations by 2022, the plan to become nuclear free as well as the shift to a low carbon emissions energy sector is known as the Energiewende. Under the current energy policy, the German government has set a series of targets to reduce greenhouse gas emissions to 40% below 1990 levels by 2020 through to finally reducing greenhouse gas emissions by 80-95% by 2050. One of the main ways that Germany has proposed to achieve its targets is to invest heavily into renewable energy sources such as onshore wind and solar power. [8]
Despite the best efforts of the German government, increasing its energy production through renewable energy sources has not resulted in a decrease in carbon emissions since implementing the Energiewende. The growing supply of electricity from renewables has led to a decrease in wholesale power prices which has hindered natural gas and pushed it out of the market [9] and with the decommissioning of nuclear power stations well under way this has given the coal industry a significant competitive advantage in particular the cheap and domestically mined lignite, Coal provided 42% of gross power production in 2015. [8]
With the closing of nuclear power stations across Germany the energy sector invested into infrastructure and renewable energy which was subsidised by the German government, because of this electricity retail prices are extremely high with most of the funding for the subsidies and tariffs being passed onto the consumer. [8] As can be seen from the graph below Germany has the second highest household energy price among European countries at 25.65p per kWh. [10]
 [10]


[bookmark: _Toc25329656]Results and discussion
Power systems like renewable energy sources require a lot of system flexibility as the efficiency of these systems excluding geothermal will change over time, for example solar will be most effective in the day with clear conditions and wind will be most effective with persistent winds, because of this there will always be a need for a baseload power generator to constantly produce electricity no matter the conditions. 
The decision to move away from nuclear power in Germany has been heavily influenced by the Fukushima incident where the reactor plant was struck by an earthquake and a tsunami. Due to Germanys geographical location the risk of this happening is extremely low, as this is the case Germany should use nuclear power stations to replace its heavily polluting coal burning power stations as its base load. 
From the reports nuclear energy seems to be a lot cheaper compared to renewables in how much money would be required to reduce carbon emissions however most of the literature would agree that while nuclear energy does have a role renewable energy sources should be the main source of low carbon energy. This is because there’s no dangerous waste produced by renewable energy sources and it has a greater impact at reducing carbon emissions compared to nuclear energy as there is no fuel source needed to power renewables other than the sun, wind or tidal forces.
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To reach the targets set by the Paris agreement I believe that a rethink is needed when looking at nuclear energy and in cases such as Germany the global community can learn from their approach to tackling rising carbon emissions. In Germanys case they have invested heavily into renewable energy sources while decommissioning their nuclear power stations, this method has not seen a reduction in carbon emissions and has only served to increase the electricity price to the average consumer being the second highest in Europe.
Even when taking waste management into account and the possible increase in cost and difficulty in disposing of such waste, nuclear energy is still a very viable and low carbon energy source and should be incorporated into the energy sector of any country which is trying to reduce carbon emissions. The cost saving in achieving lower carbon emissions with nuclear energy compared to renewable energy and data suggesting that nuclear energy has already contributed to reducing carbon emissions.
However, this does not undermine the importance of renewable energy sources as they should be the primary source of low carbon energy with nuclear power stations becoming the baseload power supply over more traditional coal power stations. This approach should see a reduction in carbon emissions without as large of an increase in electricity cost on the consumer that we have seen in Germany.
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