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Abstract 

The societies in Europe have developed enormously in recent decades, and this in turn has led 

to a greater need for electricity. Large parts of society are electrified and are now one of the 

most essential parts of the system. Electrification has resulted in more energy sources, which 

in turn has resulted in even greater emissions that harm the environment. Recently, the world 

has experienced various climate changes because of the industrialization of society. 

Therefore, it is essential today to phase out the energy sources that have a large negative 

impact on the environment to replace them with environmentally friendly ones. Greenhouse 

gas emissions are the main cause of climate change and will lead to increased extreme 

weather, such as droughts, floods, heat waves, and storms. This in turn will negatively affect 

societies, economies, and ecosystems. The rising global temperature leads to melting glaciers 

and results in rising sea levels. Climate change is affecting ecosystems all over the world and 

is also threatening biodiversity. Nuclear power has long been a debatable topic because of a 

couple of accidents in history, which have had devastating consequences on climate and 

society. In contrast, nuclear power plants are one of the energy sources that have no 

contribution to emissions during their operation. This work is a literature study which is 

based on a case study where the results are built on a comparison of nuclear power plants, 

coal power plants, and wind power plants based on carbon dioxide emissions, air pollution, 

land use, and waste management. The aim is to answer the question of whether nuclear power 

plants are an environmentally friendly alternative based on the results reported in the study. 

The result shows that nuclear power has a significant role in the Swedish and European 

electricity grid, as it is a foundation for a stable electricity grid. The result also shows that 

nuclear power plants are an environmentally friendly alternative. The study also shows that 

future research is essential and has significance. The most common argument against nuclear 

power plants is the risks in the event of an accident and what consequences they can have. 

Future research may mean safer operation of nuclear power plants and a reduction in the risk 

of accidents. The study shows that the survival of nuclear power plants has a significant role 

and is vital in sustainable work. 

 
Keywords: Nuclear energy, nuclear power plants, nuclear power plants impact on the 

environment, energy production in Europe, carbon dioxide emission from nuclear energy, 

power grid, environmental impact. 
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1. Introduction 

 
Global industrialism has contributed to society becoming dependent on a stable electricity 

supply. Electricity is today an essential component for maintaining stable infrastructure but 

also for promoting sustainable development. The electrification of society has increased 

gradually and at a time when the climate crisis affects our planet more and more, it is more 

important than ever to have a stable electricity supply. A stable electricity supply is one of the 

pillars of sustainable development and creates security and stability for the entire society. To 

achieve a stable electricity supply, a large and stable production and distribution of electricity 

is required that can deliver as demanded under all circumstances. This means that the 

production sources must have sufficient supply capacity and the electricity grid must always 

be in balance, the production must be as large as the consumption. This is a challenge for the 

electricity grid in Sweden and Europe. Sweden has limited opportunities to store electricity, 

which can cause difficulties during periods of high demand or when production sources are 

down. This means that a stable and reliable production and distribution of electricity is 

required to maintain a stable electricity supply. The electricity market in Europe is today 

interconnected, which means that electricity is imported and exported by several countries 

constantly. This creates increased competition and a greater supply of electricity on the 

market. This can mean difficulties in maintaining the balance between production and 

consumption in a separate country, as demand and supply can simultaneously vary across 

national borders. This means that close cooperation between the countries is required to 

maintain and stable electricity supply throughout Europe. 

 

1.1 Background 

For the past few years, Sweden and Europe have experienced significant increases in 

electricity prices. There are several factors that have influenced this situation, with the 

ongoing war between Ukraine and Russia being the most impactful. The ongoing conflict has 

resulted in increased uncertainty and concerns in the market, as it has led to limited gas 

supplies. This came about when Russia stopped its gas deliveries to Germany. Given that the 

German electricity market relies on these deliveries to balance electricity prices, the 

substantial portion of electricity generated from gas-fired power plants or combined heat and 

power plants in Germany has played a significant role. As a result, electricity prices in the 

European market have risen sharply. While the war is a major driver behind the high pricing 
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and limited capacity, it is not the main cause of this situation. (Energimyndigheten, 2022). 

For a long time, the German state has decided that all nuclear power plants in Germany 

should be shut down. In 2022 they shut down one of their three remaining nuclear power 

plants. The remaining two were shut down in the spring of 2023 (Damberg, 2022). 

 
Another aspect that has come to greatly affect the electricity crisis in Europe started in 

France, recently France has had major problems with its nuclear power plant reactors. The 

summer of 2022 was a hot summer that caused a drought which in turn resulted in the 

reactors of the nuclear power plants not being able to cool down properly and therefore 

needing to be shut down. They have also had technical problems which have been a further 

reason why more reactors have had to be stopped. France is the country in Europe that 

exports the most electricity to various countries on the European market. Hence, the 

circumstances faced by France have had a significant impact on the entire market and 

resulted in increased electricity prices (Damberg, 2022). 

 
The drought that affected France also affected other countries in Europe, such as Norway. 

Norway is not a member state of the European Union, but Sweden and Norway have 

electricity connections with each other (Svenska kraftnät, 2021). The drought affected the 

Norwegian hydroelectric dams, less water generated a reduced effect (Damberg, 2022). 

 
Another factor is the global economy. Most countries began to recover after the corona 

pandemic. As a result, fossil fuel prices increased. (Damberg, 2022). Finally, the political 

decisions in Sweden have of course come to play a big role, such as decommissioned nuclear 

power plants. Oskarshamn nuclear power plant closed two out of three reactors in 2017 and at 

Ringhals nuclear power plant two out of four reactors were closed in 2019 and 2020. 

(Swedish radiation safety authority, n.d). Today, the Swedish electricity grid has limited 

capacity, Sweden is a large, elongated country where electricity needs to be transported long 

distances from north to south. The infrastructure that exists today is ancient and in 

combination with increased taxes, prices skyrocketed primarily in southern Sweden. 

(Energimarknadsinspektionen, 2022). 
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1.1.1 The European electricity market 

 
The electricity market in Europe consists of several energy sources, nuclear power plants, 

coal power plants, and wind turbines, are some examples of the most common production 

sources. The European electricity grid is structured like a spider web, which stretches across 

several countries (see Appendix A). The purpose is to enable the transfer of electricity 

between different countries and to facilitate trade in electricity across national borders. The 

electricity network is divided into different voltage levels, from high-voltage transmission 

networks to lower-voltage in distribution networks. The high-voltage transmission networks 

are long and extend over large geographical areas. The reason behind the high voltage is to 

minimize the large losses that occur with larger deliveries. Each country has its own national 

transmission network that supplies the individual country and then in turn the European 

market. There are different companies that have total responsibility, depending on which 

country and area in that country. However, there is always a part of the electricity network 

that is welded together with the neighboring country via either overhead lines or cables of 

various types (Energy EU 25, 2006. 19–27) 

 

To facilitate the transfer and trade of electricity between the countries, there are also so-called 

cross-border connections or interconnectors. These are physical connections between the 

national power grids and possible transfers of electricity across national borders. The 

interconnectors can be both land-based power lines and underwater cables that run under the 

sea. (European Commission, 2022). They provide flexibility to balance demand and 

production at a pan-European level. To ensure that the electricity grid functions stably and 

balanced, it is monitored and regulated by various system operators. These operators are 

responsible for matching electricity consumption with production in real time and taking 

steps to require that the demand and supply of electricity are in balance. They also coordinate 

maintenance and repairs of the network and manage disturbances and faults to minimize 

interruptions in the electricity supply (Ciucci, 2023). 

 

Through the European electricity grid, countries can utilize their various resources and 

balance production and demand for electricity in an efficient manner. It also promotes the 

integration of renewable energy by making the transfer of excess renewable electricity from 

areas of high production to areas of higher demand. The European electricity grid is an 

important component in creating a common and reliable electricity supply across the 

continent (European Commission, 2021). 
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The biggest advantage and one of the main things about having a composite electricity 

network in Europe is that the availability of electricity increases. Instead of the excess energy 

being lost in one country, it is instead exported to another, thus increasing efficiency. The 

different member countries use different types of production sources, and the idea is that the 

different countries function as a complement to each other (European Commission, 2021). 

 

1.1.2 Electricity production in Europe 

 
The European Union produced a total of 2,641 TWh of electricity, of which more than 20% 

was produced from nuclear power. About 40% of the rest of the electricity produced was 

produced from renewable sources, the rest of the electricity production came from fossil fuels 

and made up 38.6% with gas being the most burned fuel, followed by coal (European 

Council, 2023). 

 
The purpose of having a common European electricity market is to increase security for all 

consumers in the European electricity market. By having a common market, good electricity 

quality and a stable electricity supply can be maintained. When all the European countries 

cooperate with each other and supply each other with electricity, the bottlenecks are reduced 

and at the same time, the efficiency of the entire system is optimized. In this way, you can 

use each other's resources and meet the increased demand for electricity, and this, in turn, 

promotes a sustainable electricity supply (European Commission, n.d) 

 
Facilitated trade in energy across national borders creates an incentive to increase the use of 

carbon-free energy sources, which also reduces dependence on fossil fuels. This helps to 

reduce carbon dioxide emissions and promote the transition to a cleaner energy sector in 

Europe. Another important aspect is strengthening competition in the electricity market, it 

creates a safer electricity market for all consumers and ensures more favorable prices for 

them. An interconnected electricity transmission infrastructure creates a more robust and 

flexible system that can handle variations in consumption and production, thus decarbonizing 

the European energy system (Eurelectric, 2023) 

 
At the beginning of 2020, 13 EU member states with nuclear power production had a total of 

109 nuclear power reactors in operation. In 2020, three nuclear power reactors were 

permanently shut down, two in France and one in Sweden. Despite this, France remained the 
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country that produced the most electricity from nuclear power plants, accounting for 67% of 

all electricity generated in the country in 2020 (Eurostat, 2022). 

 

1.1.3 Electricity production in Sweden 

Sweden is a member state of the EU, which means that Sweden supplies the Swedish 

electricity grid with electricity but also the European electricity grid. Today, Sweden has 

several foreign connections with different countries, such as Denmark, Norway, Germany, 

Lithuania, etc. (see Appendix B). At all times, the Swedish and European electricity grids 

need to be in balance. To preserve that balance, there is an exchange between the countries in 

the form of the import and export of electricity. Therefore, all countries are dependent on 

each other's production and distribution. Because of the political challenges in Europe, it has 

caused capacity shortages and production shortages, which have resulted in colossally high 

electricity prices (Svenska kraftnät, 2022). 

 
In Sweden, between 150 and 165 TWh of electricity is produced during a normal year and the 

electricity consumption is normally between 135 and 145 TWh per year. Electricity 

production in Sweden comes from several energy sources, around 30% comes from nuclear 

power. Hydropower generates 35 to 45% of Sweden's electricity production and 18 to 20% of 

wind power. The remaining electricity comes from biofuel-fired cogeneration plants and solar 

cells (Lindholm, 2022). 

 

1.1.4 Global emissions 

Global emissions of greenhouse gases have increased in recent decades, because of the 

growing global population, economic growth, increased energy use, and dependence on fossil 

fuels in many parts of the world. Despite greater efforts to try to reduce emissions, the total 

amount of greenhouse gases has still increased. Industrialization and urbanization in many 

developing countries have also contributed to an increase in emissions. At the same time, 

some progress has been made in energy efficiency and the use of renewable energy, but these 

have not yet been sufficient to offset the overall increase in emissions (EPA, 2023). 

 
Emission levels vary between different countries, and so do the trends. Some countries have 

succeeded in reducing their emissions by switching to cleaner energy sources, energy 

efficiency, and other climate policies. But on a global level, emissions have continued to 
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increase (Naturvårdsverket, n.d). Sweden, for example, has reduced its total emissions of 

greenhouse gases since the 1990s (SCA, 2023). 

 

1.2 Aims 

 
The purpose of this work is to critically examine and evaluate the environmental impact of 

nuclear power as a potential solution to address the challenges of climate change and 

sustainable energy production. In addition, the work will highlight and describe the role 

nuclear power plants play in the Swedish and European electricity grid. To be able to answer 

the question, is nuclear power an environmentally friendly solution? 

 

The focus of the work aims to answer the question based on the most environmentally 

friendly alternative based on the comparisons in the studies. The study does not consider 

what is financially profitable, the study mentions investment costs overall but does not 

consider costs in the result. The study mentions alternative solutions such as fourth-

generation nuclear power plants, but the study does not include other solutions such as 

small-scale modular reactors (SMR). 

 

1.3 Approach 

 
The study began with a preliminary study where the scope, goals, purpose, and questions of 

the project were identified, then a suitable research method was chosen which laid the 

foundation for the thesis. A thorough literature study was conducted where existing research 

and literature were reviewed and collected. A case study involving several cases was then 

carried out. Then the results were discussed, and then conclusions were drawn and 

recommendations for future research were proposed. 
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2. Theory 

 
A nuclear power plant is a thermal power plant that produces electricity by harnessing heat. 

Essentially, it acts as a factory to generate a significant amount of electricity, enough to 

power large cities. Nuclear power plants are one of the world's largest producers of electricity 

internationally, in 2022 coal combustion was the world's largest producer of electricity. 

Followed by gas combustion in second place and hydropower in third place (see Appendix 

C). 

 
The electricity produced in Europe in 2022 has been generated from three different types of 

energy sources. There, the share of electricity produced from fossil-fueled energy sources is 

roughly the same as the share from renewable energy sources and is around 40%. Nuclear 

power accounts for approximately 20% of total electricity production in Europe (see 

Appendix D). Not all countries within the EU produce electricity from nuclear power plants, 

such as Poland and Lithuania are examples of countries that do not have a nuclear power 

plant. However, most countries in the EU have nuclear power plants that produce electricity. 

 

2.1 Function 

Nuclear power plants work in the same way as traditional coal power plants, gas power 

plants, etc. On the other hand, nuclear power does not burn any fuel, unlike traditional energy 

sources. Nuclear power plants use nuclear fission, which is a process where atoms are split 

apart to later form heat energy. Nuclear power plants are based on this process and use 

uranium as nuclear fuel. The fission process is initiated by bombarding the atom of uranium 

with a neutron. This causes the atoms to become highly unstable and subsequently split into 

two smaller atoms. Along with the release of several additional neutrons. These additional 

neutrons can then go on to initiate a chain reaction by colliding with other uranium atoms 

leading to further fission reactions (Energy information administration, 2022). 

 
Nuclear power plants use water flow for cooling in the reactors, because of the large amount 

of heat the nuclear fission generates. This heat is then transferred to the cooling water causing 

it to heat up and turn into steam. The steam is then passed through the turbine, which is 

connected to a generator. As the steam passes through the turbine, the turbine blades are set 

in motion and rotate the generator. The rotation of the generator then converts the mechanical 
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energy into electrical energy. The electrical energy produced is then transmitted via power 

lines to consumers and used to power lighting, appliances, industries, and other electrical 

devices. Thus, the heat generated by nuclear fission in nuclear power plants is used to 

produce steam, which in turn drives a turbine and generates electrical energy (Marcel, 

Christian 2007, 1-10). 

 

2.2 Overview of nuclear power plants in Sweden and Europe 

In Sweden, two different types of reactors are used. Boiling water reactors and pressurized 

water reactors, both are included in the category of light water reactors. In these reactors, 

water is used as a moderator and coolant to regulate the neutron speed and dissipate heat. 

Light water reactors are simpler and more cost-effective than heavy water reactors, but they 

require enriched uranium to operate, unlike heavy water reactors which can use natural 

uranium. Boiling water reactors are found at Forsmark and Oskarshamn nuclear power plants 

and pressurized water reactors are only found at Ringhals nuclear power plant (Swedish 

radiation safety authority, 2021). 

 

2.3 Boiling water reactor 

 
A boiling water reactor is a type of nuclear power reactor that uses water as both the coolant 

and the moderator. It operates on the principle of nuclear fission, the heat is absorbed by the 

surrounding water in the reactor core. The water in the core heats up and undergoes boiling 

forming steam. This steam then rises to the top of the reactor vessel. Unlike in pressurized 

water reactors, which use a separate secondary cooling loop. The steam produced in a boiling 

water reactor is directly used to drive a turbine. The steam flows through the turbine, causing 

it to spin, which in turn rotates a generator to produce electricity. One important characteristic 

of boiling water reactors is natural circulation. This means that the movement of water within 

the reactor core is driven by natural convection, as the heated water rises and the cooler water 

sinks. This eliminates the need for mechanical pumps to circulate the coolant. The advantage 

of a boiling water reactor is that there is a system to regulate the fission process and maintain 

reactor power at desired levels. These control rods, usually made of materials that absorb 

neutrons, can be inserted or withdrawn from the core to control the number of neutrons 

available for fission (Marcel 2007, 2-3). 
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2.4 Pressurized water reactor 

A pressurized water reactor has two different water circuits, a primary circuit, and a 

secondary circuit. The two different circuits are two separate circuits that do not mix with 

each other. The water in the primary circuit is the water in the reactor. The water that is 

heated to drive the turbines belongs to the secondary circuit. In the reactor, fission of the 

uranium fuel takes place, which generates heat. The effect is regulated by adjusting the 

position of the control rods in the reactor and the amount of the element boron in the reactor 

water (Swedish radiation safety authority, 2017). 

 
The fission of the uranium fuel heats the water in the reactor tank, and the heated water is 

then transported to the steam generators. By using a pressure holder, even the water from 

boiling is about 300°C. In the steam generator, the water from the secondary circuit is 

evaporated into steam. The steam drives the turbine, and the generator is connected to the 

turbine shaft to generate electrical energy. The steam from the turbine is then cooled in the 

condenser and pumped back to the steam generator to be converted into water again. The 

water in the primary circuit is pumped back to the reactor tank to repeat the process (Swedish 

radiation safety authority, 2017). 

 

 

2.5 EU’s policy 

 
The EU's strategy to reduce greenhouse gas emissions and replace fossil fuels has taken a 

positive direction toward the development of nuclear power. By focusing on combining 

nuclear power with renewable energy, it strives to achieve the goal of reducing greenhouse 

gas emissions by 55% by 2030 (European Commission, n.d). Rising electricity prices and the 

need to deal with climate change have provided both economic and ecological arguments to 

promote the development of nuclear power and the construction of new nuclear power plants. 

By investing in nuclear power, the EU can benefit from its ability to generate large amounts 

of electricity without emitting significant amounts of greenhouse gases (European Council. 

2023). The EU's strategy to promote nuclear power as part of the energy transition aims to 

create a balanced and diversified energy supply. By combining nuclear power with renewable 

energy, dependence on fossil fuels can be reduced and contribute to achieving the climate 

goals. It is important to note that the development of nuclear power continues to be the 
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subject of discussion in the EU. The EU places high demands on safety to minimize 

environmental impact and protect public health and safety (Cordina, Corinne. 2023). 

 

2.6 The role of nuclear power plants 

 
Research on nuclear power plants is divided, some encourage the use and further 

development of it. Some are on the other side and want to dismantle nuclear power plants for 

various reasons. One of the most important arguments for decommissioning nuclear power 

plants is the safety surrounding it. Historically, the world has experienced several major 

incidents such as the accident in Chernobyl and Fukushima. Both accidents had devastating 

consequences and studies have shown that large amounts of radioactive substances such as 

iodine were emitted into the atmosphere resulting in immediate and environmental 

contamination (Ory, et al. 2020). 

 

Nuclear power plants are vulnerable sources of energy because they are considered potential 

targets for attack. Because of their strategic importance and potentially devastating 

consequences. An attack on a nuclear power plant can lead to serious consequences. Such as 

large releases of radioactivity and radioactive leakage, which in turn can affect human health 

and the environment. Attacking a nuclear power plant could create enormous fear and anxiety 

among the public and create a sense of uncertainty and instability (Selimbegović, Leila, et al. 

2016). 

 

Regardless of whether it is an attack or an accident, it results in devastating consequences. 

Studies show that many radionuclides are released in an accident. The released radioactive 

substances are a combination of both long-lived and short-lived substances. The radioactive 

substance that survives the longest is cesium-137, whose radioactivity is halved every 30 

years (Yanovskiy, Moshe, et al. 2020). 

 

Historically, the world has experienced a few nuclear accidents, the three most popular of 

which have been the Three mile island, Chernobyl, and Fukushima accidents. The worst of 

these was the Chernobyl accident, and the accident itself had devastating consequences. 

Large areas around the nuclear power plant were evacuated due to the high radiation levels, 

and many have not returned yet. The accident led to large emissions of radioactive material 

into the atmosphere, agricultural land and forests were contaminated, and wild animals and 

plants were affected by the radiation. The wildlife around the nuclear power plant died out, 
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and it has taken many years for some parts of the vegetation to return. Agriculture in the 

contaminated areas was severely affected by the accident, and thousands of hectares of arable 

land became unusable (Beresforda, N.A, et al. 2019). 

 

A study has been carried out in which simulations were made in which the fictitious energy 

system was built, with and without nuclear power plants. The analysis is based on a future 

scenario, the results show that nuclear energy has an impact on the price of electricity. 

Nuclear power plants result in lower electricity prices on the market, as the power generated 

can be controlled and is not dependent on weather or wind. The study also shows that nuclear 

power plants result in stability in the market, nuclear power plants are a plannable source of 

energy and production can be dimensioned based on the current load (Guerci and Fontini. 

2013). 

 

2.7 Nuclear power's climate and environmental impact 

Nuclear power is considered a low-carbon energy source. Unlike fossil fuel-based power 

plants, nuclear reactors do not burn any fuels, which means they do not release large amounts 

of greenhouse gases such as carbon dioxide during electricity generation. This helps mitigate 

climate change and reduce the overall carbon footprint of the electricity sector (Allam. 2013). 

Nuclear power can enhance energy security by reducing dependence on imported fossil fuels. 

Countries with domestic nuclear power production can rely on their energy resources, 

reducing their vulnerability to disruptions in fossil fuel supplies or price fluctuations in the 

international market (Ferguson, Charles 2011, 53-58). 

 

Nuclear power plants have a high energy density, meaning they can generate a significant 

amount of electricity from a relatively small amount of fuel. Compared to renewable energy 

sources like solar or wind power, nuclear power plants can provide a more consistent and 

reliable supply of electricity, as they are not dependent on weather conditions. Nuclear power 

plants can operate continuously at a high capacity, providing a stable and consistent 

electricity supply, which makes them well-suited for meeting base load electricity demand. 

Base load power is the minimum level of electricity demand that needs to be met 

consistently, and nuclear power can contribute to a reliable and resilient energy grid 

(Ferguson, Charles 2011, 68-70). 
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Uranium the primary fuel used in nuclear reactors, is relatively abundant on Earth. While it is 

a finite resource, significant uranium reserves can sustain nuclear power generation for many 

decades. Additionally, advancements in reactor technology, such as breeder reactors and fuel 

recycling, can further improve fuel utilization and extend the availability of nuclear fuel 

(World nuclear association. 2023). 

 

Nuclear power is an expensive energy source and the construction costs of a nuclear power 

plant account for a significant portion of the total costs. Studies show that the cost of 

constructing a nuclear power plant per kW is in the range of approximately 1,900-13,000$ 

depending on size and location. There are also annual costs of approximately $90/kW that 

include the operation and maintenance of the nuclear power plant. Uranium fuel used in 

nuclear power plants is a part of the operating costs, the price varies but the operating cost is 

approximately 11$/MWh. In addition, it takes a long time to build a nuclear power plant, 

studies show that it usually takes at least 10 years depending on the size of the power plant 

(Göke, Leonard, et al. 2023). 

 

2.8. Fourth-generation nuclear power (Generation IV) 

 
Fourth-generation nuclear power plants or Generation IV reactors are a vision of the future 

for nuclear power technology and a term for six different types of nuclear reactors. These 

reactors represent the future of nuclear power plants that will phase out existing reactors 

(Rullhusen, Peter 2006, 8). The purpose of fourth-generation reactors is to overcome the 

challenges faced by previous generations and to improve safety, reduce waste, increase 

energy efficiency, and offer sustainable solutions for nuclear energy use (Grape, Sophie, et al, 

2014). Traditional reactors are limited by the low temperatures of the coolers and moderators, 

which lowers energy efficiency. This leads to a part of the generated energy being wasted. 

About 60% of the nuclear energy produced is lost as waste heat and released into the 

environment. To reach higher efficiency, the temperature of the cooling liquid in the reactor 

needs to increase (Şahin, Sümer, Şahin, Hacı Mehmet. 2021). 

 
Nuclear fission provides a resource base of uranium ore that can last for millennia, provided 

the fuel cycle is closed and fast neutron reactors are used. The waste generated by nuclear 

fission reactors has the potential to reach a neutral level of radioactivity with the Earth's crust 

through the recycling and fission of all transuranic elements, while sealing fission products 

for approximately three centuries (Marques, J.G. 2010). 
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Fourth-generation nuclear power plants are unique in their flexibility in the use of different 

types of fuels and fertile materials. An example of this is the possibility of using reactor- 

grade plutonium or small actinides that come from the spent fuel in older traditional reactors. 

When the fuel in older reactors is used and fissioned to produce energy, various waste 

products are formed, including plutonium and actinides. By utilizing these materials in 

fourth-generation nuclear power plants, the amount of waste can be reduced, and valuable 

fuel can be recovered. Fourth-generation nuclear power plants have the potential to produce 

valuable nuclear fuels during reactor operation itself. For example, the reactor can produce 

plutonium from uranium 238 or uranium 233 from thorium. This is called fuel transmutation 

and involves converting one type of element into another that can be used as nuclear fuel. 

This process is both innovative and promising as it can turn waste into valuable fuel and 

reduce long-term waste volumes (Şahin, Sümer, Şahin, Hacı Mehmet. 2021). 

 
An example of a fourth-generation nuclear power plant is a sodium-cooled fast reactor that 

uses liquid sodium as a coolant instead of water. This allows them to operate at higher 

temperatures and achieve higher thermal efficiency. The reactor core contains fuel elements, 

usually using mixed oxide fuel consisting of uranium and plutonium or metallic fuels. 

Neutrons from fission are moderated by a combination of liquid sodium and materials such as 

graphite, slowing them down to initiate further fission reactions. Fast neutrons, which are not 

slowed down, are used to maintain the nuclear fission chain, making the reactor a "fast" 

reactor. The liquid sodium coolant absorbs the heat generated by the fission and transports it 

away from the core to transfer it to a secondary cooling loop. In the secondary loop, the heat 

is used to produce steam, which drives a turbine connected to a generator to produce 

electricity (Abram, Tim, Ion, Sue, 2008). 

 
Another example is the Molten salt reactor, which uses a mixture of liquid fluoride or 

chloride salts as both coolant and fuel. The fuel salt contains dissolved uranium or thorium, in 

the form of fluorides or other compounds. The neutrons are moderated by the fuel salt itself, 

and when the uranium or thorium atom undergoes fission, the released neutrons can further 

trigger fission reactions in other fuel atoms. The hot liquid salt mixture transports the heat 

from the reactor core to a heat exchanger, where it transfers its thermal energy to a separate 

cooling loop. In the secondary loop, the heat is used to generate steam, which drives a turbine 

and produces electricity, like traditional nuclear power plants (Abram, Tim, Ion, Sue, 2008). 
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The development of fourth-generation reactors can be costly and require significant 

investment in research, design, and construction. The investment can be high, which affects 

the financial profitability and competitiveness of nuclear power plants compared to other 

energy alternatives. For fourth-generation nuclear power plants, it is necessary to have even 

higher safety standards to avoid potential accidents or failures in the operation of the reactor. 

The challenge lies in developing reactors with improved intrinsic safety and robust protection 

systems. Although fourth-generation nuclear power plants aim to reduce the amount of long- 

lived nuclear waste through recycling and fuel transmutation, they will still generate 

radioactive waste that needs to be managed and stored safely for long periods. Fourth- 

generation nuclear power plants are still in the research and development stage, which means 

that tests, evaluations, and experiments are needed to be put into commercial operation. It 

requires collaboration between research institutions and investment in technological 

innovations. Since fourth-generation nuclear power plants can use different types of fuel, 

including recycled plutonium and transuranic elements, the possibility of improper use for 

nuclear weapons purposes increases (Lake. James A. 2002). 

 

2.9 Coal power plant 

 
2.9.1 Function 

A coal-fired power plant is a power plant that burns coal, the process begins with pulverized 

coal and air enters the furnace. The burning of coal releases the energy contained in the coal 

and generates heat to create high temperatures. The high temperature is necessary to heat the 

water and to be able to produce high-pressure steam. The task of the steam is to drive the 

steam turbine found in the power plant, the turbine in turn transfers its mechanical energy to 

the generator. The generator converts the mechanical energy into electricity which is then 

further distributed via the local network (Suyambazhahan 2016, 16-18). 

 

2.9.2 Environmental impact 

The burning of coal in a coal-fired power plant generates greenhouse gases in the form of 

carbon dioxide. Coal-fired power plants are one of the largest sources of carbon dioxide 

emissions globally. When coal is burned, the carbon atoms in the coal react with oxygen in 
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the air to form carbon dioxide. These emission gases contribute to the increase of greenhouse 

effects (Wang, et al. 2018). 

 
Sulfur is a substance that is naturally present in coal, when burning coal, sulfur reacts with 

oxygen and forms sulfur dioxide in the air. The substance sulfur dioxide is a pollutant that 

has a negative impact on both human health and the environment. Sulfur dioxide acidifies 

rain, soil, waterways, etc. It also causes, among other things, respiratory problems for people 

and animals who inhale it. Nitrogen oxides are also formed when coal is burned, nitrogen 

oxide emissions give rise to ozone and contribute to air pollution that affects air quality. The 

combustion of coal in coal-fired power plants generates both fine and coarse particles. These 

particles can have adverse health effects when inhaled and can also affect air quality. Coal 

contains small amounts of mercury and burning coal releases mercury emissions. Mercury is 

a toxic heavy metal that can accumulate in ecosystems and has negative effects on aquatic 

organisms and human health with long-term exposure (Asif, 2022). 

 
Although coal accounts for about 20% of total electricity production in the EU (European 

Commission, n.d). Internationally electricity produced from coal accounts of total 27% 

approximately (Ritchie, et al. 2022) 

 

2.10 Wind turbine 

 
2.10.1 Function 

Wind turbines convert the energy in the air into electricity, wind turbines are efficient when it 

comes to harnessing the energy in the air. This efficiency is achieved through the design of 

the turbine blades. The wind turbine rotates with the force of the blowing wind, the turbine 

blades are designed with a cross-section. This design allows the wind turbine blades to rotate. 

The low rotation speed of the wind turbine blades, usually to minimize problems such as 

noise and mechanical stress, does not generate enough electricity. Therefore, a gearbox is 

used to increase the rotational speed before it is connected to the generator. A wind turbine 

has a braking system installed to stop the blade rotation in extremely windy conditions. The 

electricity generated by the wind turbine is transmitted via cables to a grid station where a 

transformer is located to increase the voltage for distribution. To ensure maximum power 

extraction, the wind turbine must face the wind (Manwell 2009, 1-21). 
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2.10.2 Environmental impact 

Wind turbine lifetimes are most commonly 20 years, most of the mass of a wind turbine is 

composed of metal or concrete and can be recycled relatively easily and economically. It's 

more cost-effective for decommissioning companies to recycle these materials rather than 

sending them to landfills. Wind turbine blades account for approximately 10 to 15% of the 

turbine's weight and are the only major component that cannot be recycled (Wang, et al. 

2012). The primary material used in blade construction is fiberglass, with smaller amounts of 

other materials. Composite materials like fiberglass and carbon fiber currently pose 

challenges in terms of easy and economical recycling. Therefore, alternative disposal 

methods are necessary for these materials (Sommer, et al. 2021). 

 
The challenge of recycling composite materials applies not only to wind turbine rotor blades 

but to all products made from composites (Sommer, et al. 2021). The environmental impact 

of wind turbines comes from different phases of production, transport, operation, and waste 

management. Among these phases, production accounts for the highest emissions, followed 

by the transport phase. Considering that wind turbines are large, it is not infrequent that 

special solutions are required to be able to transport the blades, for example. However, the 

operating phase has minimal impact on the environment, which previous studies have 

confirmed (Wang, et al. 2012). In terms of waste management, it is expected that a significant 

part of the wind turbine will be recycled. This recycling process is crucial as it enables the 

recovery of approximately half of the CO2 emissions generated during the production phase 

(Sommer, et al. 2021). 

 

3. Method 

 
3.1 Research methodology 

Research methodology is a structured process used for scientific studies were, 

problems and questions are studied. It includes planning, data collection, analysis, and 

interpretation of data relating to the research subject the student is dealing with. There are 

different types of research methods, which method is used which is based on the formulation 

of the problem being studied aims to answer (Holme and Solvang, 2000). The purpose and 

scientific studies are to continuously improve the understanding of the research subject 

studied. This means that all data is collected in systematic needs analyzes and studied (Holme 
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and Solvang, 2000). In a scientific study, there are two main categories: qualitative research 

and quantitative research. The difference between methods is how to prepare, process and 

analyze the data collected during the study (Patel and Davidson 2019). The quantitative 

research method is based on the collection and analysis of formalized and structured data that 

constitute basic facts and figures. The input is usually generated through surveys, 

experiments, and static models. By combining the input into concepts and theories, the 

researcher can substantiate his research results (Holme and Solvang, 2000). Another research 

method for conducting a study is qualitative research. Unlike quantitative research which is 

based on numerical data, qualitative research is based on words and descriptions which are 

then interpreted by the researcher. Qualitative analysis is carried out through in-depth 

interviews and discussions. This type of study is suitable when you want to gain a deeper 

understanding of a subject (Holme and Solvang, 2000). 

 

3.2 Literature study 

A literature study is a method in which the researcher carefully examines and analyzes 

existing scientific literature within a chosen research area. The purpose of a literature study is 

to compile the available knowledge and the research that has been carried out around the 

research topic. In a literature study, the collected information forms the basis for the analysis 

and discussion of the study. The researcher substantiates his conclusions and strengthens the 

reliability of the study with reliable scientific literature (Björklund and Paulsson, 2003). 

 
This thesis is considered a systematic literature study because it is based on scientific 

publications from established researchers and research institutions. In a literature study, the 

main task is to review existing literature and assess the value of its content (Forsberg and 

Wengström, 2008). Even if literature studies are based on scientific methods, they can still be 

influenced by different perspectives and interpretations from the researchers. This means that 

some sources can be more reliable than others, therefore it is always important to be critical 

of sources during the study (Björklund and Paulsson, 2003). 

 

3.3 Literature search 

Most of the literature used in this study is newly published and considered reliable sources. 

These sources have been chosen with the intention of achieving the most accurate results 

possible and creating an overall picture of the issue at hand. The selected sources have been 
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carefully compared and reviewed to ensure their credibility and reliability. To achieve a 

successful and credible result, great importance has been placed on source criticism and only 

reliable primary sources have been used. This means that primary sources, such as scientific 

articles and research reports, have been the focus to ensure that the information used in the 

study is reliable and based on solid research. During the study, the choice of sources has been 

significant for the study's authority. To increase the reliability of the study, the sources used 

have been carefully selected and evaluated. To identify relevant and reliable literature about 

the area being studied, the databases have been limited. The leading databases for this study 

have mostly been through the University of Gävle, EBSCOhost, Google Scholar, and 

ScienceDirect. Searches have been limited and only scientific articles, journals, and 

encyclopedias have been selected. When the literature was searched, the keywords were 

relevant to the topic. To expand the search possibilities, the searches have been in both 

Swedish and English. Search terms have included "nuclear power plant", "nuclear power's 

environmental impact", "transmission system in Europe and Sweden", "energy production in 

Europe", "CO2 emissions from nuclear power", and "nuclear power". 

 

3.4 Case study methodology 

A case study is a research method that aims to study a specific phenomenon to gain in-depth 

knowledge. The researcher plays an important role in this investigation, as the researcher 

controls which methods and techniques are needed to collect and analyze the data. Case 

studies can be conducted using various methods of data collection such as scientific trials, 

observations, interviews, and literature reviews (Merriam, 2009). 

 
In this study, three different cases are examined to provide in-depth information about the 

subject under study to draw scientifically meaningful conclusions. In this study, nuclear 

power plants have chosen to be studied and compared with coal power plants and wind power 

plants. These energy sources are the most dominant in Europe and are significant for 

European electricity production. All three cases have been analyzed based on four similar 

aspects for equivalent knowledge for the different cases. The cases have been studied based 

on carbon dioxide emissions, air pollution, land use, and waste management. The case study 

has made it possible to produce content-rich information that has been analyzed and, in this 

way, the results have been produced. The focus on individual cases has given an overall view 
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of the phenomena that the study aims at, but this method has also given a clearer picture of 

how the subject is applied in practice, thus creating a grounding. 

 

4. Results 

 
4.1 Nuclear energy 

 
4.1.1 CO2 emissions 

Nuclear power plants generate electricity through nuclear fission, where atomic nuclei are 

split to release energy. Because nuclear power does not use combustion, it does not produce 

direct carbon dioxide emissions during electricity production. Nuclear power plants have a 

high energy density, which means they can generate a significant amount of electricity from a 

relatively small amount of fuel. This reduces the need for large amounts of fuel and thus 

reduces the emissions of carbon dioxide when mining, transporting, and burning the fuel 

(Kartal, Mustafa Tevfik 2023). Nuclear power has a minimal carbon footprint of around 15– 

50 grams of CO2 per kWh (Serin, Esin. 2022). 

 

4.1.2 Air pollution 

Nuclear power plants do not generate air pollution during normal operation. They do not 

produce carbon dioxide, sulfur dioxide, or nitrogen oxides which are common air pollutants 

caused by fossil fuels. However, there may be a certain number of radioactive emissions in 

the form of gasses and articles from the nuclear power plant's waste management system. 

These emissions are very small compared to the radioactive emissions from the reactor itself 

(Ferguson, Charles 2011, 53-58). Nuclear power plants have strict safety and regulatory 

systems to minimize and monitor these emissions. To protect people, animals, and the 

environment. It is also worth mentioning that there is a risk of the release of radioactive 

material should an accident or serious incident occur at a nuclear power plant. Such events 

are extremely rare, but if they do occur, they can potentially lead to the release of radioactive 

material into the surrounding air and soil (Ishikawa, Tetsuo, et al. 2014). 

 

4.1.3 Land use 

A nuclear power plant is a huge complex with several different plant parts and buildings, 

which requires a larger geographical area. The required area varies based on the size of the 
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nuclear power plant, but it is not unreasonable that the area could be several hectares. In 

addition to the large plant parts that are the foundation of a nuclear power plant, safety zones 

are also required. Major parts of the facility are cordoned off to the public where only 

authorized personnel are allowed access. An essential part of a nuclear power plant is the 

cooling, nuclear power plants require large amounts of water to be able to cool down the 

reactors and turbines. Hence, nuclear power plants are usually located near a water source to 

facilitate the water intake and outlet for cooling water. Nuclear power plants require space to 

store spent nuclear fuel and radioactive waste. This may include the construction of safe 

storage basins or tanks for the spent fuel as well as facilities for handling and transporting 

waste (Vattenfall, n.d). 

 

4.1.4 Waste disposal 

The management of nuclear waste is essential for people and the environment, it protects the 

environment from radio radiation. Therefore, spent nuclear fuel first needs to be stored in 

pools at the nuclear power plants for several years. This time is needed to cool down the fuel, 

the water acts as a protection against the radioactive radiation. Several years later, the 

radioactivity in the fuel should have decreased so much that the fuel can be moved to another 

storage location. There, the fuel is stored in water basins located underground. Over time, the 

fuel's radioactivity and heat emissions gradually decrease. Storage needs to last for 

approximately 40 years before the fuel's activity has decreased to a manageable level before it 

can be encapsulated and stored permanently. The exact length of the intermediate storage 

depends both on the properties of the fuel and the design of the final repository (Ferguson, 

Charles 2011, 189-193). 

 
Radioactive waste is usually cast into containers made of sheet metal or concrete together 

with cement or bitumen. The purpose of the casting is to stabilize the waste and provide a 

certain radiation shield against the surroundings. Waste containing small amounts of 

radioactive substances can be handled more easily. Certain parts of such waste can be placed 

in ordinary containers which are then placed in a final repository. Other waste can be cleaned 

and recycled after undergoing control measurements. Very low-level waste can be deposited 

in ground repositories at nuclear facilities (Ferguson, Charles 2011, 193-195). 
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4.2 Coal power plant 

 
4.2.1 CO2 emissions 

A coal-fired power plant produces electricity by burning coal in a boiler where it is burned at 

a high temperature. The combustion releases heat, which heats up the water so that it is 

converted into steam. The steam generated from burning the coal drives a steam turbine. The 

steam expands through the rotating blades of the turbine and converts its thermal energy into 

mechanical energy. When coal is burned, it reacts with oxygen in the air to form carbon 

dioxide according to the following reaction. Carbon dioxide is the main greenhouse gas that 

contributes to climate change by trapping heat in the atmosphere (Ludovic, Roland 2014, 3- 

10). At a produced kWh of electricity from nuclear power plants, 0.855 pounds of CO2 

emissions occur, which corresponds to approximately 388 grams per kWh (EIA, 2022). 

 

4.2.2 Air pollution 

Coal contains hydrogen, sulfur, nitrogen, and oxygen. When burning coal, the various 

components react with oxygen and form various gases and ash. The main gases formed 

include carbon monoxide, carbon dioxide, sulfur dioxide, and nitrogen oxides. 

When coal is burned, it reacts with oxygen in the air and forms carbon dioxide. Carbon 

dioxide is one of the main greenhouse gases that has a negative impact on the greenhouse 

effect and the environment. Excess carbon dioxide traps heat in the atmosphere. When coal is 

burned, other substances are also released, such as sulfur dioxide, which is a substance that 

causes soil and water acidification. Nitrogen oxides are also a substance released during 

combustion. The nitrogen oxides contain nitrogen oxide and nitrogen dioxide. Nitrogen oxide 

emissions cause air pollution and can contribute to the formation of ground-level ozone and 

acidification. Burning coal also generates particulate emissions, including soot, ash, and 

small particles that can be harmful to human health and contribute to air pollution. The 

environmental impact of coal-fired power plants is polluting gases, which are released into 

the atmosphere, and hot water, which is released into waterways. In the cooling towers, part 

of the extracted heat is released into rivers or seas, which affects aquatic life (Chen, Xiaojia, 

et al. 2019). 

 

4.2.3 Land use 

Land use at coal-fired power plants is essential in several ways. First, coal-fired power plants 

require large areas to accommodate the plant itself, including the power plant, coal storage, 
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and other necessary infrastructure. This can mean that large amounts of land are claimed, 

which can have negative consequences for ecosystems and natural resources. The extraction 

of coal can also negatively affect the land. Coal mining can lead to land clearing, destroy 

natural habitats, and promote soil erosion. In addition, the handling and storage of the coal at 

the power plants can lead to soil and groundwater contamination if adequate measures are not 

taken. It is also important to mention that coal-fired power plants generate large amounts of 

ash and slag that must be taken care of. These products can contain hazardous chemicals and 

contaminants, which can adversely affect the soil if not handled properly. Land use at coal- 

fired power plants can be significant and have potentially negative environmental 

consequences. To minimize these effects, it is essential to implement appropriate measures to 

protect the land and reduce pollution from the coal power plant's operations (Ritchie, Hannah. 

2022). 

 

4.2.4 Waste disposal 

When burning coal, two types of ash occur, bottom ash and fly ash. The bottom ash is 

collected from the bottom of the incinerator and consists mainly of material that cannot burn. 

Fly ash is fine particles of ash that are captured from the flue gases by airborne particle traps. 

These ashes may contain contaminants such as heavy metals and therefore require special 

handling and disposal in selected locations to minimize the risk of soil and water 

contamination. Slag is formed when the coal fuel is burned and contains various residual 

products and materials that cannot burn. Slag can be used in construction materials such as 

cement or concrete, which means that the material is reused and reduces the need for landfill. 

By using slag as part of these materials, sustainable recycling can be achieved and the load on 

landfill sites can be reduced (Mandal, Somnath, et al. 2022). 

 

4.3 Wind power plant 

 
4.3.1 CO2 emissions 

Wind power plants have no carbon dioxide emissions during their operation because they 

convert air energy into electrical energy. However, there are indirect emissions that can occur 

during the manufacture and installation of wind turbines. The manufacture and transport of 

the wind turbine's components require energy and resources that can lead to carbon dioxide 

emissions. In addition, the decommissioning and recycling of the wind turbine's materials and 
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components at the end of its life cycle can also generate carbon dioxide emissions (Xie, Jian- 

bo, et al. 2020). 

 
During the manufacture of the wind turbine's components, such as rotor blades, generators, 

towers, and foundations, there are processes that require energy and result in the emission of 

greenhouse gases. The production of rotor blades, for example, involves the manufacture of 

large structures using materials such as fiberglass. The manufacturing process requires 

energy-intensive steps such as curing the material in ovens or using solvents when applying 

surface layers. These steps entail emissions of greenhouse gases, including carbon dioxide. 

The generators and the very foundations of wind turbines have similar manufacturing 

processes involving the use of materials such as steel and concrete (Doerffer, Krzysztof, et al. 

2021). Studies have shown that the carbon dioxide emission per kWh produced from wind 

power plant is about 5-8 grams CO2/kWh (Wang, Yuxuan; Sun, Tianye. 2012). 

 
Transporting the wind turbine's components to the installation site may require the use of 

vehicles and fuel, which may generate greenhouse gas emissions. The installation of wind 

turbines can also require heavy machinery and energy-intensive processes, which can also 

contribute to indirect emissions. Maintenance of wind turbines and possible dismantling at 

the end of their life can also generate indirect emissions. For example, repairs, replacement of 

components and decommissioning of wind turbines can involve energy use and greenhouse 

gas emissions (Wang, Yuxuan; Sun, Tianye. 2012). 

 

4.3.2 Air pollution 

Wind turbines are a clean and renewable source of energy and generally do not contribute to 

air pollution in the location where they are located. Wind turbines do have an impact on 

wildlife, however, the effects vary depending on the location of the wind turbine and what 

measures are taken to minimize the impact. All types of birds are at risk of sometimes 

colliding with the rotor blades of the wind turbine. This can lead to death or damage to 

populations of certain species (May, Roel, et al. 2021). 

 
For some people, the noise from wind turbines can be experienced as disturbing or annoying, 

which can affect their everyday life and well-being. These people may feel distracted or have 

trouble sleeping if the noise level is high. It can also affect the ability to concentrate or 

perform tasks that require silence. The experience of noise is subjective, and some people 
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may feel disturbed or experience a negative impact on their well-being due to the noise from 

wind turbines. It may be associated with feelings of insecurity or concern about possible 

effects on health or property value. For some people, continuous exposure to loud noise from 

wind turbines can have negative health effects. It can lead to increased stress, cardiovascular 

problems, high blood pressure and other health problems. However, it is important to note 

that most people are not adversely affected by wind turbine noise and that the health risks are 

generally low (Teneler, Asli Ata; Hassoy, Hur. 2023). 

 

4.3.3 Land use 

Land use at wind turbines can vary depending on the size, number, and location of wind 

turbines. Each wind turbine requires a specific location to place the turbine itself and its 

foundation. This place takes up a certain area of the ground. The size varies depending on the 

turbine's power and construction. To build and maintain wind turbines, access roads are 

required, and sometimes also buildings that contain control equipment and maintenance 

rooms, which also require land space (Priambodo, Nur Widi, et al. 2022). 

 
Depending on local planning and regulations, there may be restrictions or limitations on 

where wind turbines may be built. There may be protected areas, landscape restrictions or 

other factors that limit the possibilities of using certain land for wind power production. 

However, wind turbines can be integrated in places where there is already other land use, 

such as agricultural land or forest areas. In such cases, the land can continue to be used for its 

original purpose while the wind turbines are in operation. Another advantage of wind power 

is its flexibility in terms of land use. In addition to being placed on land, wind turbines can 

also be installed in places where the soil is contaminated or in areas that are not suitable for 

agriculture or growing plants (Denholm, P et al. 2009). 

 
Offshore wind turbines are becoming increasingly popular, by placing wind turbines on the 

sea. Taking advantage of the strong and consistent winds that are common in coastal areas. 

Offshore wind turbines have several advantages. First, they can exploit large areas of ocean 

that would otherwise be unusable for other human activities. This reduces competition for 

land and helps to avoid conflicts with other land uses such as agriculture or nature reserves. 

Offshore wind farms can take advantage of the available infrastructure in coastal areas, 
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including ports and power grids. This facilitates installation, maintenance, and connection to 

the power grid, which can reduce the costs of the projects (Yu, Xi 2019, 1-6). 

 

4.3.4 Waste disposal 

Waste management of wind turbines is an important aspect to consider to ensure sustainable 

management of the materials and components used throughout the life cycle of the wind 

turbine. During the construction and installation phase, different types of construction waste 

can be generated. During the operation and maintenance phase, waste may arise from routine 

maintenance, repairs, and replacement of components. After many years of operation, the 

wind turbine reaches the end of its useful life and needs to be decommissioned. Parts of the 

turbine, such as metal, composite materials, and electronic components, can be sorted, reused, 

or disposed of (Piotrowska, Katarzyna; Piasecka, Izabela. 2021). 

 
The mass of the turbine consists of 85% metallic materials, excluding the foundation, and 

these materials can be relatively easily recycled. The remaining 15% is made up of turbine 

blades made from fiber-reinforced polymers, a composite-based construction. Recycling 

these turbine blades is extremely challenging, resulting in increased waste of composite 

materials. Due to the complex composition of fiber-reinforced polymer materials and the 

specific properties required for the structure and performance of turbine blades, it is difficult 

to recycle them efficiently. Traditional recycling methods are not suitable for breaking down 

and reusing composite materials used in turbine blades. Therefore, these turbine blades are 

deposited in waste facilities when they reach the end of their life cycle (Khalid, Muhammad 

Yasir, et al. 2023). 

 

5. Discussion 

In recent years, the problems surrounding the environmental impact and electricity 

production have increased, and research has shown that greenhouse gases have increased 

internationally even though many of the countries have worked actively to reduce it. 

Societies have grown and developed without the traditional energy sources kept up. There are 

several implementations that the EU has introduced because of sustainability and work to 

reduce carbon dioxide emissions. One of the most essential is that the electricity grid in 

Europe is composite and has an opportunity to act as a smart grid. By utilizing different 
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countries' energy sources, you create a much more robust electricity grid that can operate 

regardless of weather or time. 

 
Nuclear power plants have long been a hotly debated issue, and the public is still divided on 

whether nuclear power plants survive or not. The research shows that nuclear power plants 

have no carbon dioxide emissions during the time that the nuclear power plant generates 

electricity. Unlike coal-fired power plants that burn coal and large amounts of greenhouse 

gases. Nuclear power plants produce their electricity in a much cleaner way than coal power 

plants. Although a nuclear power plant is a more expensive investment than a coal power 

plant and it requires a larger underlying production than a coal power plant, studies show that 

there is a colossal difference in generated grams of CO2 per kWh. But despite this, coal-fired 

power plants are still used both in Europe and the world. A lot of it is because coal 

combustion is a relatively cheap investment, and you can quickly carry out such an 

installation. Traditional nuclear power plants are a significantly more expensive investment, 

which has a higher price than coal power plants. It also takes longer to build a nuclear power 

plant than it takes to build other energy sources. Nuclear power plants require more careful 

planning and more extensive work than other energy sources due to their sensitivity and the 

risk of accidents. Historically, there have been nuclear power plant accidents that have had a 

major impact on their surroundings and the entire world. The accident in Chernobyl had 

devastating consequences for large parts of Europe, which of course has resulted in a 

traumatizing experience for those who were directly affected but also those who were 

indirectly affected. Large areas were evacuated, and natural areas near the nuclear power 

plant were contaminated and became unusable. Vegetation in the nearby area died out and 

large agricultural areas also became unusable. However, the research shows that we are 

headed for the same devastating consequences, but in a different way. The results show that 

coal-fired power plants have a negative impact on both the environment and human health. 

The exhaust gases that coal power plants give rise to are toxic exhaust gases in large 

quantities. This means that coal-fired power plants gradually break down the surroundings, 

which nuclear power plant accidents have also done. The result shows that nuclear power is a 

more environmentally friendly alternative than coal power plants, as it does not give rise to 

exhaust gases. Even if the emissions generated during the production of the nuclear power 

plant itself are to be measured, they are relatively small in comparison to what a coal power 

plant generates during its lifetime. In addition, nuclear power plants have a higher energy 

intensity, so a smaller amount of fuel can produce the same amount and more electricity if 
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needed. Therefore, nuclear power plants are a more environmentally friendly alternative 

compared to coal-fired power plants. 

 
The result also shows that wind turbines have no carbon dioxide emissions, just like nuclear 

power plants, during the actual operation of the wind turbine. Wind turbines convert the 

energy contained in the air and then convert it into electricity. This means it is an infinite 

source of energy, unlike nuclear power plants which are a finite source. On the other hand, 

the energy intensity is much greater in nuclear power plants, in other words, many more wind 

turbines are required to be able to achieve the same effect as a nuclear power plant. This of 

course means that more wind turbines need to be produced, which in turn will give rise to 

greenhouse gases. The consequence of that is partly that a lot of wind turbines need to be 

produced and partly that it will require land to install the wind turbines. Nuclear power plants 

also require large geographical areas, where they need to be installed. It also requires large 

geographical areas that cover the resources that build nuclear power plants. For example, the 

production of uranium comes from nature. The production of uranium is extensive work that 

requires several resources. When the uranium has been used up, nuclear waste is formed 

which is highly reactive and needs to be handled specially and correctly. It is a long-lived and 

detailed process as it leads to major consequences if it is mismanaged. This has also been a 

main argument for why some people don't want nuclear power plants. However, the result 

shows that the waste that comes from wind turbines also has a negative impact, the rotor 

blades for wind turbines cannot be recycled, which accounts for approximately 15% of the 

wind turbine. Without the rotor blades, they are put on landfill instead, alternatively, they try 

to use it in concrete and foundation laying. There is also greater turnover at wind turbines 

than there is at nuclear power plants. It may mean a greater amount of waste than nuclear 

waste, however, no result highlights it. An advantage of nuclear power plants in comparison 

to wind power plants is that it has no direct impact on animal life. Based on the results, it 

shows that wind turbines have a direct impact on birds, which threaten various species. Then 

the birds collide with the wine rotor blades and result in the birds dying. Nuclear power 

plants have no direct impact on wildlife or nearby civilization. In addition to birds, wind 

turbines have an impact on nearby civilization, they can result in health effects in humans. 

Studies have not shown that nuclear power has such an impact on the environment during 

normal operation. However, nuclear power plants have more serious consequences in the 

event of accidents. Wind turbines are also dependent on weather, which nuclear power plants 

are not, but nuclear power is a predictable source of energy. Which means that you can 
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regulate production however you want in principle. Which is a very important building block 

in the dimensioning of an electricity grid. If the electricity grid is dependent on the weather, 

there is no stability in it, and you cannot ensure a good electricity supply. Even if the entire 

European electricity grid is interconnected, it is not possible to ensure an acceptable 

electricity supply. Situations may arise where there is no wind, or there are fluctuations in the 

wind that do not ensure continuity of delivery. However, nuclear power plants can always 

deliver the requested output, making it a safe source of energy. 

 

6. Conclusions 

 
6.1 Study results 

 
In summary, the report shows that nuclear power plants are an environmentally friendly 

alternative, as they do not give rise to any direct greenhouse gases. However, what speaks 

against nuclear power plants is the risk of accidents but also the handling of the waste that 

arises. Therefore, it is important in the future to continue to develop safety around nuclear 

power plants and minimize the risks of accidents. For this to happen, politicians need to 

continue investing in power plants and not phase them out completely. If researchers keep to 

research about safety and actively work to minimize those risks. This will result in a 

contribution to eliminate all accidents that may occur. It is important to remember that the 

accidents have been relatively few compared to the number of nuclear power plants that exist 

and have existed internationally. Continued research may also possibly create opportunities to 

reuse the nuclear fuel that has been placed in final storage. In this way, you do not consume 

more resources from nature, and you reuse the material that has once been used. Nuclear 

power plants are a very important source of energy and are of great importance to both the 

Swedish and the European electricity grid. It creates good stability for the electricity grid, and 

it can supply the electricity grid with the need that exists. Wind turbines, for example, are an 

energy source that is dependent on weather and wind, which makes it extremely difficult to 

dimension an entire electricity grid based on it. To continue driving the electrification of 

society and sustainable development, it is important to have a robust and stable electricity 

network that can deliver. In addition, electricity consumption has increased and will probably 

increase in the future. The result of not having nuclear power plants results in higher 

electricity prices which in turn can break down the society that has been built. Such a thing 

can cause an urbanized society to go backwards in development as high electricity prices will 
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erode the population and result in large social divides. In addition, it is also important to cut 

carbon dioxide emissions as a continued increase will also gradually break down society. 

 
A possible solution to the challenges faced by traditional nuclear power plants could be 

fourth-generation nuclear power plants. This type of nuclear power plant is currently in the 

research phase but is on the way to becoming commercial. These nuclear power plants are 

supposed to be a safer alternative but also more energy efficient than traditional nuclear 

power plants. They should also have features that can handle the recycling of spent nuclear 

waste, which has a direct positive impact on the environment. This means that all the material 

that has been used will be used and the need to extract more uranium will disappear. In 

addition, fourth-generation nuclear power plants should be able to neutralize radioactive 

waste, so it does not need to be stored for as long. They should also be cheaper and faster to 

build. Which is a prerequisite for sustainable work, the climate impact the world has caused 

is an urgent problem that requires rapid action. Traditional nuclear power plants usually take 

several years to build, so these energy sources are not a quick fix for the problem. 

 

6.2 Outlook 

 
There is a lot of further research that can be done within nuclear power plants to ensure a 

reliable nuclear power plant. Continued research into the safety of nuclear power plants is an 

essential part, but also how to reuse spent nuclear waste. As these are in principle the only 

arguments against nuclear power, if these issues are understood, the risks have been 

eliminated. Another issue that has not been investigated in this work, but which would have 

been interesting to research and investigate. How much, for example, wind power is required 

to be able to correspond to a nuclear power plant, and what climate impact it can result in. It 

would have helped in this work but also in the question of whether nuclear power plants are 

an environmentally friendly alternative. As the work has shown, there are parts of a wind 

turbine that cannot be recycled. What is interesting to know is how good it is for the 

environment with many wind turbines versus one nuclear power plant. Another issue that is 

also important to research is what results are obtained by phasing out all coal-fired power 

plants and replacing them with nuclear power plants instead. What would that mean for the 

environment? What consequences had it resulted in? Such issues are important to investigate 

as they can have a major impact on decisions and stances. 
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6.3 Perspectives 

 
Today, the question of sustainable development is more important than ever, humanity has 

experienced increased temperatures because of mismanaged climate policy. Emissions have 

increased since industrialization reached societies and caused the global temperature to rise. 

Europe has also experienced increased electricity prices and energy crises. Nuclear power 

plants are an energy source that has the potential to save us from the problems that have 

arisen. Large parts of society are electrified today, as large sectors have a large impact on 

climate emissions. For this to be completed and so, you need to ensure a sufficient electricity 

supply, otherwise you will not be able to motivate these sectors to be electrified. Renewable 

energy has increased, which is positive for the climate, but the problem is that large 

fluctuations occur. There is electricity when it is very windy, but on days when it is not 

windy, no electricity is supplied. This is not enough in our society, which is why electricity 

prices have skyrocketed and there is a great risk that it will skyrocket even more. This in turn 

has devastating consequences for society. Sweden is a country that is at the forefront when it 

comes to technological development if the Swedish population experiences high electricity 

prices for an extended period. So, it will erode development, the single individual will not 

promote any development. The individual will instead focus on holding tight to their finances 

to survive. Such a situation is not useful for anyone, the population, or the country itself. 

Therefore, it is more important than ever to have stable, climate-friendly energy sources that 

you can trust. Because it is the most essential thing society itself needs. 
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https://ourworldindata.org/grapher/electricity-production-by-source 
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Appendix D - Electricity generation in the EU. 
 

 

 
European Council, (2023), Infographic - How is EU electricity produced and sold? 

https://www.consilium.europa.eu/en/infographics/how-is-eu-electricity-produced-and-sold/ 

http://www.consilium.europa.eu/en/infographics/how-is-eu-electricity-produced-and-sold/


45  

 

Appendix E - EU nuclear power production 
 

World nuclear association, (2023), Nuclear Power in the European Union. https://www.world- 

nuclear.org/information-library/country-profiles/others/european-union.aspx 
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