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Abstract

March 11th, 2011, the magnitude 9.0 Great East Japan Earthquake rocked the Tohoku Region causing tremendous destruction. With waves that reached as far inland as 6 kilometers, the Fukushima Dai-Ichi nuclear station is swallowed by the waves causing its backup generators to fail leading to the meltdown of its reactors. This accident has once again called the safety of nuclear energy into question. In respond to the disaster, countries around the world have begun to discuss alternative energies. The survey conducted for this research asks both Japanese and American college students whether or not nuclear energy should continue to be used and also asks, if not nuclear, what kind of alternative energies are desired? Results show that Japanese and American students alike want to see the use of nuclear energy decreased and alternative energies are very desirable. 
Preface

Three years since the Fukushima Dai-Ichi nuclear station disaster, the event still casts a shadow over the future of energy in Japan. Before the disaster, I had interest what kind of alternative energies could possibly serve as a substitute to nuclear energy. As earthquakes are prevalent in both countries, I decided to investigate what differences in public awareness there are between America and Japan. 

1. Significance of Study

As Japan imports most of its energy (including its nuclear fuels), this project will explore what options are viable for the future of domestic energy production in Japan, as well as other countries, in lieu of nuclear energy. This survey-based research will also examine alternative energies currently in use, and how such alternative energies are perceived by Japanese and American students as a substitution to both nuclear and fossil fuel-based energy production. 

2. Research Questions
1. What are Japanese and American university students' perceptions of maintaining nuclear energy after the Fukushima-Daiichi nuclear disaster?

2. For those opposed to nuclear energy, what alternative sources of energy are desirable?
3. Background Research
3.1. A History of Nuclear Power - America 

The discovery of nuclear fission in 1934 by Enrico Fermi paved the way for the explosion of nuclear power plant construction observed throughout the 1950s and 60s. Nuclear Energy was hailed as a clean and safe alternative until the partial meltdown at Three Mile Island. There are currently over 100 operating nuclear reactors with more planned for construction (“History of Nuclear Energy Production”).
3.2. A History of Nuclear Power – Japan


The first nuclear reactor to operate in Japan became operational in 1966 with the cooperation of American companies such as General Electric. Soon after, Japanese companies became able to design and construct their own reactors and an increase in the number of nuclear power stations is observed. There are currently 50 nuclear reactors in Japan that were operational until the 2011 Great East Japan Earthquake and tsunami caused the meltdown of the Fukushima Dai-ichi power station which led the government to shut down all of Japan's nuclear reactors; they are currently waiting for approval for restart (“Nuclear Power in Japan”).

3.3. Significant Nuclear Events and Disasters
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Figure 1: Nuclear Event Scale
Nuclear and radiological accidents are classified by the INEW Nuclear Accident Scale where a rating of 7 indicates the most extreme cases (“International Nuclear Radiological Event Scale”). The 1957 widely unknown Windscale Fire in northern England was rate a number 5 along with the Three Mile Island incident in America. The 1986 Chernobyl nuclear disaster in Ukraine as well as the 2011 Fukushima Dai-ichi Nuclear disaster both were rated level 7 meaning they had extreme far-reaching radiological effects (see Figure 1). 
3.4. Energy Consumption in Japan and America

Figure 2: World Energy Consumption
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Figure 3: Energy Consumption in Japan and America 
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This map (Figure 2) shows how much energy the various countries around the world consume. The red countries consume large amounts of energy in comparison to other countries. Figure 3 shows where the energy consumed in both America and Japan comes from. Both countries use vast quantities of fossil fuels, with alternatives, nuclear, and hydroelectric making up a small portion. America is currently second in the world for energy consumption and Japan is ranked fifth (“The World Fact Book”). 

3.5. World Nuclear Power

Figure 4: The World's Nuclear Power Stations
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Figure 5: Nuclear Energy Consumption
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From Figure 4 we can see there are many nuclear power stations within Europe, particularly France, within the eastern half of the U.S., and many in Japan. Currently thirty one countries engage in nuclear-based energy production. There are over 430 nuclear reactors operating with at least and additional seventy planned for construction. Figure 5 shows what percent of a given countries energy supply comes from nuclear energy and how much energy a given country uses in comparison to the world (indicated through bar width). France produces over 70% of its energy via nuclear reactors whereas the U.S. only produces about 20% of its energy via nuclear energy (“Nuclear Power in the World Today”).
3.6. Nuclear Energy Observations: Production and Consumption


In Germany and Switzerland, after witnessing the nuclear disaster in Fukushima, Japan, both countries have adopted a policy to reduce and eventually abolish the use of nuclear power and switch to alternative energies. It was also observed that since Japan has powered off all of its nuclear reactors, and has filled the gap in energy demand with its fossil-fuel based energy stations, causing a 39% increase in carbon emissions in 2012. One more observation to make is that the economy, population, and energy consumption and production are all interconnected and interdependent on each other. The significance of this will be discussed later (“How Nuclear Energy Changed World's Attitudes to Nuclear Power”). 
3.7. Current World Energy Production Methods
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Figure 6: Energy Production Methods
Figure 6 shows us what kinds of energy production methods are prevalent within the world. Sources such as hydroelectric, solar, and wind power are used to produce energy around the world however, it shall be noted that the majority of the world's energy supply comes from natural gas, oil, and coal (“Energy”). 
3.8. Fossil Fuels and Global Warming

Figure 7: World Energy Production Methods
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Figure 7 shows us this distribution of the world's energy production methods. We see that as of 2008, approximately 13 % of the world's energy supply came from nuclear energy however, after the Fukushima nuclear disaster, that figure dropped to just over 10% as all of Japan's reactors were shut down, and Germany close its older then operating reactors having adopted its plan to decommission all of its nuclear plants within two decades. This graph also shows us that solar, wind, and other alternative energies only constitute a small fraction of the world’s energy supply with most energy coming from fossil-fuel based energy production methods (“Nuclear Power in the World Today”).

3.9. World Energy Consumption

Figure 8: World Carbon Emissions
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Figure 9 shows us that when compared to most countries in Africa for example, “developed” countries produce many times more carbon emissions. America, China, India, Europe, Japan, and others produce the vast majority of the world's carbon dioxide emissions. 
3.10. Nuclear Energy - Review

Figure 9: Energy Consumption in the World
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Figure 9 shows us that since the Industrial Revolution, the amount of energy being consumed around the globe has increased at an astonishingly rate, and continues to increase at even faster rates. Nuclear energy and hydroelectric energy production have increased however, as a portion of overall energy consumed, remain only a small fraction whereas oil, natural gas, and coal provide the majority of the world's energy (Long, n.d.). Nuclear energy is good for reducing carbon emissions however, harnessing the energy takes technologically advanced nuclear stations which much be operated and maintained flawlessly. Operation of nuclear reactors requires the nuclear fuel to be supercritical making the process a careful balancing act where the risk of disaster will always remain (Tverberg, 2012). 

What is done with spent nuclear fuels also is a problem. A large portion of spent nuclear fuel cannot be reprocessed and remain radioactive for thousands of years. There is a large number of spent nuclear fuel storage facilities, many of which were designed in the middle of the last century and have aged causing problems such as leaking into ground water. There will always be a risk of disaster when operating a nuclear plant and the storage of spent nuclear fuel remains questionable. In spite of this, the use of nuclear energy continues to increase. Since the nuclear disaster at Fukushima, former prime minister Naoto Kan has actively spoken out against the use of nuclear energy having before been a proponent of it (Naoto, 2014). 
3.11. Alternative Energies


There are numerous alternative energies available currently, the most well-known being solar, wind, hydroelectric, geothermal, and wave-powered energy production methods.
4. Research
4.1. Research Method


Research was conducted through the creation of an online survey where both American and Japanese college students of ages 18-30 participated. The majority of American respondents were from California and one-fourth of Japanese respondents were from Tokyo. Close to 80% of both Japanese and American respondents were not aware of the closest nuclear station they lived to prior to entering university. The majority of respondents agreed that global warming is occurring.

5. Survey Results and Analysis
5.1. Research Question 1
1. What are Japanese and American university students' perceptions of maintaining nuclear energy after the Fukushima-Daiichi nuclear disaster?
5.2. Research Question 1 Results and Summary

The majority of Japanese respondents responded that nuclear energy is too risky to maintain as am energy production method where as a large number of Americans responded similarly however, more had mixed feelings on the matter. When asked whether or not the government should decommission nuclear stations, American responses were mixed whereas most Japanese responded that they wanted toe government to begin to decommission nuclear stations. More Japanese thought that although the carbon emissions from nuclear power production are marginal in comparison to conventional fossil-fuel based power plants, the use of nuclear energy was not worth the risk. 


The majority of both groups of respondents answered that nuclear energy should re replaced with renewable alternatives. Close to half of American and Japanese respondents answered that they would not want to live within 100 kilometers of a nuclear power station. More Japanese (71%) than Americans (51%) responded that they wanted to see the use of nuclear energy reduced. The majority of Japanese responded that they did not trust the governments radiation exposure limits where just over one-quarter of Americans responded similarly. 
5.3. Research Question 2
2. For those opposed to nuclear energy, what alternative sources of energy are desirable?
5.4. Research Question 2 Results and Summary


Respondents from both countries answered that they want to see alternative energies such as solar, wind, and geothermal power implemented. More Americans than Japanese however responded that they wanted to see alternative energies implemented as soon as possible. Also, more Americans responded that they felt the proliferation of alternative energies was being impeded by groups interested in maintaining the status quo of energy production. 
6. Conclusion

The majority of those that responded as well as myself agree that as there will always be risks with nuclear energy production. Although a large amount of energy can be generated from small quantities of nuclear fuel, the risks and other detriments of nuclear energy production are in my opinion not worth the benefits of maintaining it. As respondents agree, we must cut our carbon emissions through the use of alternative energies to combat global warming. As anticipated, more Japanese were against nuclear energy than Americans which can be explained by the Fukushima Nuclear Disaster having recently occurred in Japan. 


One other point to be made which I have arrived at though research related to this topic is that alternative energies, particularly solar and wind, can be implemented at the household level and there are governmental incentives to do so. I plan to conduct further research into what is involved in installing solar panels on the roof of my current residence.


This research has also led me to understand that economic growth induces positive feedback-loops of population growth, energy production, and energy consumption. As modeled through logistic growth models, we observe that growth in energy consumption and production cannot be sustained indefinitely; infinite growth upon finite resources is an impossible situation. This is a daunting thought as the current global-economic structure depends on constant growth.
7. Limitations of the Study and Further Research


As the survey was conducted with a small sample group of participants, its results do not accurately reflect public opinion as whole. To improve this research it is suggest that a larger and more diverse sample population is employed. It would also prove interesting to have participants from Germany and Switzerland, as well as other European countries, participate in the survey to understand how their ways of thinking about nuclear energy compare or contrast with Japanese and American respondents.
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