
Nuclear: 
The Road 

to Zero 
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How much nuclear 
energy we use, how 
it affects us, and the· 
future of the industry. 



Combustible fuels 
accounted for 66.8% of 
global power production 

Nuclear power 
accounts for 
10.2% of global 
power production 

Nuclear power is the 
largest source of powe 
in France with 71.6% 
of total production (37£ 
TWh) 
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807 billion 
# of kilowatt - hours of power produced by US reactors in 2018. 

Accounts for 20% of total electrical output 

$42 million -+ $32 million 
Change in average nuclear costs per MWh from 2012 

to 2018 

World Electricity Production by Source, 2017 

• 38.3% Coal 
• 22.9% Gas 
@ 16.3% Hydro 
• 10.2% Nuclear 
• 6.6% Solar, Wind, 

Geothermal & Tidal 
e 3.3% Oil 
• 2.3% Other 

Image courtesy of World-Nuclear.org 



Context Matters. A lot. 
Majority of Americans Now Say They Oppose Nuclear Energy 
Overall, do you strongly favor, somewhat favor, somewhat oppose or strongly oppose the use of 
nuclear energy as one of the ways to provide electricity for the US.2 
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Favorability to Nuclear Energy (Spring 2016) 
"Overall, do you strongly favor, somewhat favor, somewhat oppose, or strongly oppose the use of nuclear 
energy as one of the ways to provide electricity in the United States?" 

Percentages 

Strongly favor 26 .,} 67 

Somewhat favor 

Somewhat oppose 

" } 29 

Strongly oppose 11 
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Image courtesy of news.gallup.com 

The combination of three separate surveys taken from 2016 
seem to show public opinion on nuclear energy heading in vastly 
different directions. Yet, upon further inspection something is 
revealed about public opinion on nuclear power. 
In the Gallup annual Environmental Poll (above, top), it was 
discovered that more Americans are opposed to nuclear power for 

the first time since 2001. There 
have been no major incidents 
2011 and even then Americans 
were still in favor of nuclear. 

The NEI (Nuclear Energy 
Institute) spring 2016 survey 
(left, below) also found a large 
portion of public opinion is in 
the middle; 26 percent strongly 
favored nuclear energy and 11 
percent strongly opposed it, 
leaving almost two-thirds of the 
public in the middle. 

This uncertainty in public 
opinion suggests that external 
factors such as energy costs 
and the perceived availibility of 
energy sources are the most 
relevant factors in forming 
opinion toward nuclear, rather 
than safety concerns prompted 
by nuclear incidents. Gas 
prices are relatively low and it 
makes Americans perceive that 
alternative energy sources are 
not needed. Nuclear energy is 
essentially a bet that the cost 
over time of combustible fuels 
to power an electric plant will 
be higher than the upfront cost 
of building a nuclear reactor. 
Currently, oil prices are low, and 
Americans are not in favor of 
making this bet on nuclear. 

However, as public awareness 
of nuclear energy increases, so 
too does its support. 



Another NEI survey (right) 
shows a direct correlation 
between feeling informed 
about nuclear energy and 
favorable attitudes towards 
it. In spring 2016, 21% of 
Americans said they felt 
very well informed about 
nuclear energy, 42% felt 
somewhat well informed, 
26% felt not too well 
informed, and 11% felt not 
at all well informed. 

Favor ability to Nuclear Energy by Level of Feeling Informed about Nuclear Energy 
Spring 2016 

• Strongly favor Somewhat favor Somewhat oppose #Strongly oppose ■ Don't know 

Very well informed (21%) 54 
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Health Risks and Safety. 
Nuclear plants are not as bad as many would think. 
Since energy production of a nuclear plant produces no 
harmful emissions, health risks are mainly focused around 
radiation exposure. According to the Nuclear Engineering 
Division at Argonne Labs, only about .005% of the average 
American's yearly radiation comes from nuclear power 
which is 100 times less than coal. This is because coal 
contains naturally occurring radioactive material, which is 
mostly in the form of uranium and thorium. 

In terms of safety, many are concerned 
that increasing energy produced by 
nuclear also means increasing the 
likelihood of another nuclear disaster. 
The three well-known examples of 
nuclear disasters - Three Mile Island 
Chernobyl, and Fukushima - were all 
a result of accidents with the coolant 
system. As a result of these accidents 
safety protocols have been updated 
most notably in plant design. Fire 

Meanwhile, the health risks from living near a fossil protection, auxiliary feedwater systems, 
fuel-burning plant are way worse. Since natural gas is containment building isolation, and 
the most common source of power in the us currently, automatic plant shut down capabilities 
a comparison of health risks can be made against it. were all made requirements to nuclear 
Pollutants from these plants can lead to asthma, bronchitis, plants as a result of these two events. 
lung cancer, and heart disease for Americans that live nae, '/'e coolant system is where the 
them. Areas where drilling occurs can contain two of the {Tajority of issues with nuclear reactors 
six "criteria pollutants." In this case they are particulate ~an stem from. However, with the 
matter and ozone. Studies** have shown that residents light-water systems used in the US, a 
less than half a mile from a gas well were at greater risks Chernobyl-like reactor would never be 
of pollutant-related health effects warranted. 

"criteria pollutants:" set of air pollutants that cause smog, acid rain, and 
other health hazards. "McKenzie et al. 2012. 



Short Answer: It's better than what we have now, which is a step in the right 
direction. 

The Good. 
Unlike fossil fuel-fired power 
plants, nuclear reactors do not 
produce air pollution or carbon 
dioxide while operating. The 
area created for the nuclear 
plant can also double as a 
nature preserve, which is what 
FPL (Florida Power & Light) 
is doing with their two plants. 
For example, about nine-tenths 
of the Turkey Point property 
remain in its natural state of 
mangroves and fresh water 
wetlands. On this site they also 
protect more than 60 known 
species of birds and animals, 
17 of which are endangered. 

Turkey Point Nuclear Plant, Biscayne Bay, FL 
Image courtesy of FPL.com 

The Bad. 
The processes for mining and refining uranium ore to 
make reactor fuel all require large amounts of energy. 
Nuclear power plants also require large amounts of 
metal and concrete, which adds up to large amounts 
of energy to manufacture. If fossil fuels are used as 
energy production for mining and refining uranium ore, 
or if fossil fuels are used when constructing the nuclear 
power plant, then the emissions from burning those 
fuels can be associated with the electricity that nuclear 
power plants generate. 

Waste Isolation Pilot Plant, NM 

Image courtesy of WI PP 

Another major environmental concern related to nuclear power is the issue of radioactive 
waste disposal. Currently, the Waste Isolation Pilot Plant (WIPP) is the nation's only permanent 
storage for all objects related to nuclear waste. Since it will take hundreds of thousands of years 
for this material to no longer become radioactive, the main challenge is marking the material so 
that people way in the future will not interact with it. This could come in the form of a threatening 
symbol, however these tend to change over time (such as the skull and crossbones and the 



various meanings it had). Ominous architecture 
could also be used, such as Mike Brill's 
"landscape of thorns." Still, this may only serve 
to draw attention to the area. The last idea is 
creating culture - religion, folklore, beliefs - that 
can maintain the cautious message throughout 
over thousands of years. In the end, people 
are currently being harmed by emissions and 
radiation from nuclear material. Perhaps the first 
step to saving people in the future is protecting 
the ones getting affected today. 

Mike Brill's "Landscape of Thorns" 

Image courtesy of 99% Invisible 

The Ugly. 
What we have right now sucks. 

6.5 billion. 
metric tons of US greenhouse gas emissions in 2017. It accounted for 14.75% 
of total emissions that year. It was also greater then the emissions of the entire 

EU, India, and Russia (separately) 

28 
Percentage of 2017 US greenhouse gas emissions that came from power 

production 

16.9 
Percentage of energy generation from renewable sources in the US in 2017 



he future of the industry. 
SRNS has 
approached several 
other reactor 
developers, including 
General Atomics, 
GE Hitachi, and 
Terrapower. 

In the private sector, a 
nuclear power startup, 
known as Transatomic, 
has a vision of using 
the molten salt 
reactor (artist render 
pictured left) to deliver 

United State&®®®··®®-®® ff"p?pg"® 
After 20 years of steady decline, government R&D This improved reactor will have the following 
funding for nuclear energy is being revived with features: 
the objective of rebuilding US leadership in nuclear Liquid Fuel: Molten salt reactors are fueled 
technology. As part of this objective, government by uranium dissolved in a liquid salt. The 
and industry are working together on design liquid fuel is much more resistant to structural 
certification for advanced Generation Ill reactors. damage from radiation than solid material. 
This design certification by the Nuclear Regulatory Therefore, liquid fuel can remain in a reactor 
Commission (NRC) will allow a generic type of for longer and less waste has to be extracted. 
reactor (a Westinghouse AP1000, for example) to be "Walk - Away Safe": Uses a different cooling 
built anywhere in the US after a safety requirement system that does not require active cooling. If 
examination. The builders would only have to go the reactor loses all electric power during an 
through site-specific licensing procedures and accident and the operators are no longer on 
obtain a construction/operating license. site, it will gradually come to a stop. 

Operates at Atmospheric Pressure: No need 
for full containment dome. No pressure to act 
as a driving force to expel radiation during an 
accident. 

Smaller nuclear reactors are also being focused on 
since they are able to supply a comparable amount 
of power but for a significanly less upfront cost. 
For example, Savannah River Nuclear Solutions 
(SRNS), the manager of Savannah River Site (SRS) 
in South Carolina, has proposed a new designs with 
prototypes of up to 15 small reactors (up to 300 
MWe*, but mostly smaller). Hyperion has signed an 
agreement to build the first, and *MWe: Mega-Watt electric 



The World. 
Launched by the US in 2000, the Generation IV 
International Forum (GIF) has 13 member countries 
(including China, Russia, France, Japan and Britain) 
whose goal it is to focus research on six nuclear 
reactor models (shown on the next page). The most 
advanced of these is the sodium-cooled fast reactor 
(SFR), developed by France, Russia and China from a 
concept introduced by the United States in the 1950s. 
It can burn spent uranium and plutonium which are the 
unwanted wastes from current reactos that have been 
piling up over the years. 

The downside? On contact with air, sodium will burn 
and it explodes when in contact with water. 
The Astrid project currently underway in France is 
working to solve this through the use of nitrogen-driven 
turbines to prevent sodium from mixing with water 
and electromagnetic pumps to move the superheated 
sodium within the reactor. Technology and cost are 
both obstacles for the GIF project. Abundant U.S. shale 
gas and a boom in renewable energy in Europe have 
decreased the viability of the nuclear industry. 
This has lead some GIF member states, including 
Japan, Canada and Switzerland, to scale back funding. 
GIF's target of having the first prototypes in operation 
around 2020 has been pushed back to 2030, with the 
first commercial plants not expected before 2040-2050. 

Thorium. 
Thorium is more abundant than 
uranium. It is fertile rather than fissile, 
and can only be used as a fuel in 
conjunction with a fissile material 
(such as recycled plutonium). Thorium 
fuels can breed fissile uranium-233 
to be used in various kinds of nuclear 
reactors. 

What about weaponizing? The 
production of U-233 ( a by-product of 
using thorium for power) inevitably 
also yields U-232 which is a strong 
gamma-emitter, as are some decay 
products such as thallium-208 
('thorium C'), making the material 
extremely difficult to handle and also 
easy to detect. 

In Norway, a company called Thor 
Energy is developing and testing 
two thorium-containing fuels for use 
in existing plants. They are working 
towards obtaining regulatory approval 
for the commercial production and 
use of Th-Add (Thorium-Additive) fuel 

(left) Nuclear power plant in Belleville sur Loire, 
France. 

Image courtesy of The Guardian 

*fissile: consists of fissionable isotopes that are 
capable of undergoing nuclear fission only after 
capturing a thermal neutron. 
*fertile: consist of isotopes that are not fissionable 
by thermal neutrons, but can be converted into 
fissile isotopes 



Generation IV Reactors. 
SFR 
The SFR (sodium-cooled fast 
reactor) is a Gen IV reactor 
that uses liquid sodium as 
coolant which allows for high 
power density with low coolant 
volume, at low pressure (yet it 
still requires a sealed coolant 
system). It uses depleted 
uranium as fuel and is less prone 
to overheating due to the high 
thermal conductivity of sodium. 
It also does not need to be 
need to be pressurized because 
the boiling point of sodium is 
much higher than the operating 
temperature of the reactor (510  
550°C). 

Cold Plenum 
Hot Plenum I 

Control Rods 

SFR Schematic Diagram 
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Exchang 

Condenser 

Pump 

Primary 
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(Cold) 

SWCR. 
The SWCR (supercritical water 
cooled ractor) is a very high 
pressure water-cooled reactor 
which operates above the critical 
point of water (374C and 22 MPa) 
to give an efficiency about one-third 
higher than today's typical light 
water reactors. The supercritical 
water (510-550°C and 25 MPa) 
directly drives the turbine and 
simplifies the design. Supercritical 
water also has good heat transfer 

1 properties allowing for high power 
density, a small core, and a small 
containment unit. However, a fast 
SCWR needs a relatively complex 
reactor core to have a negative void 
coefficient coefficient. 

SWCR Schematic Diagram 
Control Rods 
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"void coefficient: a number that can be used to estimate 
how much the reactivity of a nuclear reactor changes 
as voids (typically steam bubbles) form in the reactor 
moderator or coolant. 



https://www.scientificamerican.com/article/can-sodium-save-nuclear-power/ 

https://www.world-nuclear.org/information-library/country-profiles/countries-t-z/usa-nuclear-power.aspx 

https://world-nuclear.org/information-library/nuclear-fuel-cycle/nuclear-power-reactors/generation-iv 
nuclear-reactors.aspx 

https://world-nuclear.org/information-library/current-and-future-generation/thorium.aspx 

https://world-nuclear.org/information-library/current-and-future-generation/nuclear-power-in-the-world 
today.aspx 
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https://news.gallup.com/poll/190064/first-time-majority-oppose-nuclear-energy.aspx 

https://www. ne .anl. gov/About/nuclear-energy/why-afraid-nuclear.htm I 

https://corporate.dukehealth.org/news-listing/despite-studies-health-effects-coal-burning-power-plants 
remain-unknown 

https://www.eia.gov/energyexplained/nuclear/nuclear-power-and-the-environment.php 

https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks 

https://www.eia.gov/tools/faqs/faq.php?id=427&t=3 

https://www.heritage.org/environment/report/three-mile-island-and-chernobyl-what-went-wrong-and-why 
todays-reactors-are-safe 

https://www.fpl.com/clean-energy/nuclear/turkey-point-plant.html 

http://www. transatomicpower. com/ 

https://www.scientificamerican.com/article/can-sodium-save-nuclear-power/ 

https://www.ucsusa.org/resources/environmental-impacts-natural-gas#references 

https://www.nuclear-power.net/glossary/distinction-between-fissionable-fissile-and-fertile/ 

https://99percentinvisible.org/episode/ten-thousand-years/ 
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