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Abstract: The global energy system continues to be primarily reliant upon fossil fuels 

which now conclusively are the main component of climate change, as well as a significant 

contributor to global health impacts through air, water and land pollution severely impacting our 

communities across the globe. While clean energy is making its mark on the world, it doesn't 

currently have the infrastructure to make it a globally dominated energy source. Solutions for 

energy sources that can quickly be utilized for a clean energy transition are essential to shift 

away from fossil fuels. A relatively clean and high output energy source that can serve as part of 

this transition exists on Earth and everywhere in the cosmos: nuclear energy. This paper will 

examine current nuclear technologies, emerging technologies with a focus on fission and fusion 

energy, issues and benefits of nuclear energy, and confronting public perceptions about nuclear 

energy. 
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Stars, extremely luminous spheres of superheated gas, are a fundamental building block 

for life in the universe. They can vary in size anywhere from size O (hot, exceptionally large, 

rare, blue stars) to M (cool, small, common, red stars) and this can be visually represented by the 

H-R Diagram below. The H-R diagram is the Hertzsprung-Russek diagram that was developed in 

the early 20th century by scientists Enjar Hertzsprung and Henry Norris Russek to plot a star’s 

temperature (x-axis) against its luminosity (y-axis). 

 

Our Sun is a class G star with a solar 

mass of 1 (1 solar mass = the mass 

of our sun), and stars can go up to 

1,000s of solar masses or can go 

down past .001 solar masses. Now 

that we have scale in mind, just our 

sun alone “... is about 300,000 times 

more massive than the Earth... [and] … releases the energy of 100 billion atomic bombs every 

second...” (Pathways). The question becomes obvious here, if we scale this up to the universe or 

this number is large enough for us to grasp it, how could this much energy feasibly be produced?  

The world has seen how much devastation Hiroshima and Nagasaki has suffered, and 

while the release of energy is far different from the sun, we can still use this as a guide to 

visualize how much energy is really produced in our immediate solar system or universe. “The 

Hiroshima bomb was made from highly enriched uranium-235...About 64 kilograms of highly 

enriched uranium was used in the bomb which had a 16-kiloton yield (i.e., it was equivalent to 



   
 

 

16,000 tons of TNT). It was released over Hiroshima, Japan's seventh largest city, on 6 August 

1945. Some 90% of the city was destroyed.”1  

With 16,000 tons of TNT in mind here, our sun produces 100 billion times that every 

second; let me say that again, every second. 100 billion written out is 100,000,000,000, which if 

we did some quick math would equal 1,600,000,000,000,000 or 1.6 quintillion tons of TNT. 1 

ton of TNT produces 4.184 gigajoules of energy, where a joule is enough energy to heat ¼ gram 

of water by 1°C and 1 gigajoule is equivalent to 1,000,000,000 joules. So, the amount of energy 

we end up with is 1.6 quintillion × 4.184 gigajoules every second. This is a very rough estimate, 

but I think for the sake of putting energy in perspective this number helps. To put it in a more 

practical perspective, if we ran a standard 1000W microwave, we would have to run it for ~5.1 

quintillion years.  

To get a better understanding of how large a quintillion is, to put it in terms of how long 

it would take for humanity to speak 1 quintillion words. A recent study2 has shown that the 

average human being speaks, on the low end of the spectrum, approximately 7,000 words per 

day, hence if we take 7,000 words per person every day × 7.753 billion (world’s population), this 

comes to 5.4 trillion words per day. With this number it would take all of humanity, if our 

population remained the same, 507 years, 4 months, and 8 days just to speak 1 quintillion words. 

 
1 “Hiroshima, Nagasaki, and Subsequent Weapons Testing.” Hiroshima, Nagasaki and Subsequent 

Weapons Testing - World Nuclear Association, March 2016. https://www.world-

nuclear.org/information-library/safety-and-security/non-proliferation/hiroshima,-nagasaki,-and-

subsequent-weapons-testin.aspx. 

 

 
2 Petrone, Paul. “You Speak (at Least) 7,000 Words a Day. Here's How to Make Them Count.” LinkedIn, 

August 17, 2017. https://www.linkedin.com/business/learning/blog/career-success-tips/you-

speak-at-least-7-000-words-a-day-here-s-how-to-make-them. 

 

https://www.world-nuclear.org/information-library/safety-and-security/non-proliferation/hiroshima,-nagasaki,-and-subsequent-weapons-testin.aspx
https://www.world-nuclear.org/information-library/safety-and-security/non-proliferation/hiroshima,-nagasaki,-and-subsequent-weapons-testin.aspx
https://www.world-nuclear.org/information-library/safety-and-security/non-proliferation/hiroshima,-nagasaki,-and-subsequent-weapons-testin.aspx
https://www.linkedin.com/business/learning/blog/career-success-tips/you-speak-at-least-7-000-words-a-day-here-s-how-to-make-them
https://www.linkedin.com/business/learning/blog/career-success-tips/you-speak-at-least-7-000-words-a-day-here-s-how-to-make-them


   
 

 

With these enormous numbers in mind, however, it is important to note that the Earth only 

receives an exceedingly small fraction of that number but that is still an exceptionally large 

amount of energy. 

The question remains: how could this much energy be feasibly produced? The sun 

produces this much energy through a process called nuclear fusion and it is important to not get 

that confused with nuclear fission, which is the type of nuclear energy used on Earth. Fusion has 

been researched since the early 1940s for military purposes as part of the famous Manhattan 

Project. Controlled fusion reactions have been researched since the 1950s to try and meet 

growing energy demands. With a fusion reaction, two hydrogen atoms fuse together at extremely 

elevated temperatures to form a helium atom. In a fusion reaction since some of the hydrogen’s 

mass gets converted into energy, we follow Einsteins formula of [Equation], where E is energy, 

m is mass and c is the speed of light or 299,792,458 m/s squared. In October of 2009, a hearing 

was put before the Subcommittee on Energy and Environment and described fusion reactions: 

“All nuclei in atoms are positively charged, so they have a natural electromagnetic repulsion 

pushing them apart. This is because, while opposite charges attract, like charges repel. Thus, to 

induce the fusion process, hydrogen gas is typically heated to very high temperatures (100 

million degrees or more) to give the atoms sufficient energy to overcome this repulsion and fuse. 

In the process the gas becomes ionized, meaning that atomic nuclei and their electrons have too 

much energy to stay bound to each other as neutrally charged atoms.”3  

 
3 Committee on Science and Technology (2007). Report, The next generation of Fusion Energy Research 

Hearing before the Subcommittee on Energy and Environment, Committee on Science and 

Technology, House of Representatives, One Hundred eleventh Congress, First Session, October 29, 

2009 §. 111–61 (2010). P.4 

 



   
 

 

Artificial nuclear fusion on Earth is unfortunately still in development and unavailable for 

anything other than research purposes; however, we have developed and used a different nuclear 

energy, called fission, since the 1940s. Fission we can treat like fusion’s smaller brother, where 

the energy produced is less, more specifically 3-4 times less. While 3-4 times less does not seem 

like much, if we consider the magnitude of our numbers from before, that gap is colossal, but it 

is worth noting that fission still produces an enormous amount of energy despite this gap. 

Uranium 235 or just U-235 can be an unstable nucleus if a small amount of energy is added to it, 

and it will divide into two smaller nuclei. The way we could add energy would be through a 

process called neutron capture, where one neutron is added to the nucleus, which causes energy 

to release when it attaches. You can think of it as if a water droplet were floating freely and it 

was split or squashed, leaving you with two separate pieces floating away in opposite directions. 

In the case of fission, these two smaller nuclei, which are positively charged and if we think of 

two magnets repelling each other, push off each other with a huge amount of force, accelerating 

to enormous speeds. Eventually, the two nuclei would slow down by “bumping” into 

surrounding atoms, converting their speed into heat energy. Fission refers specifically to this 

splitting process and the nuclei that remains after the splitting process is the fission product. 

Interestingly enough, “it’s a quick process—for an individual U-235 atom it’s all over in around 

a millionth of a millionth of a second. But the energy released...[is]…roughly 2.5 million times 

the energy that you get from ‘burning’ a carbon atom to make carbon dioxide.”4  

Since commercially available nuclear energy didn’t emerge until the 1950s, fossil fuels 

have been the main source of energy since the industrial revolution, dominating energy 

infrastructure and the political scene for the last century, allowing it to triumph economically 

 
4 Tucker, Colin. How to Drive a Nuclear Reactor. New York, NY: Springer, 2019. P.29 

 



   
 

 

over any other kind of energy source. While our modern civilization’s use of fossil fuels has 

created an economic explosion and huge advancements in technology, it has left an extensive toll 

on public and environmental health. To be specific, fossil fuels are contrived of decomposing 

organic matter, specifically containing mostly carbon and hydrogen, in Earth’s crust. The three 

main fossil fuels, in terms of energy providers, are coal, natural gas and oil, all of which produce 

~82% of energy consumed for the world in 2021.5 If we break down this report, we get Oil 

taking up ~31%, natural gas ~24%, coal ~27%, nuclear energy ~4%, hydroelectricity ~7%, and 

renewables ~7%. This is not to say that renewables or nuclear energy have no impact on energy 

necessity in the world, but it furthers that fossil fuels are a huge reliance today and we have an 

enormous infrastructure and economy that are strongly centered around them.  

Coal, a brown or black combustible sedimentary rock, contains prominent levels of 

hydrocarbons and carbons and is classified as nonrenewable since it takes millions of years of 

heat and pressure to form. Coal is ranked or categorized into four types, from lowest amount of 

carbon concentration and amount of energy produced to highest: Lignite, Subbituminous, 

Bituminous, Anthracite.6 Coal is harvested by either surface mining or deep mining, where the 

former is above 200 feet underground and the latter is below several hundred feet underground. 

Most of the coal used today, about two thirds, is from surface mining, due to the inexpensive 

nature of it and it takes the form of dynamiting tops of mountains. Coal is transported 

 
5 BP, BP. “Statistical Review of World Energy: Energy Economics: Home.” bp global. bp global, 2022. 

https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-

energy.html. 

 
6 US Energy Information Administration, EIA. “U.S. Energy Information Administration - EIA - 

Independent Statistics and Analysis.” Coal explained - U.S. Energy Information Administration 

(EIA), 2022. https://www.eia.gov/energyexplained/coal/. 

 

https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html
https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html
https://www.eia.gov/energyexplained/coal/


   
 

 

predominately by trains, but is also used in conveyors, trucks, barges and/or ships to transport it 

to consumers.7 “Based on U.S. coal production in 2020, of about .535 billion short tons, the 

recoverable coal reserves would last about 470 years, and recoverable reserves at producing 

mines would last about 25 years.”8 Of course, these numbers really cannot tell the whole story, 

as it all depends on changes in demand and production and since they are rough estimates, the 

number itself could be far off. Coal is predominantly used to generate electricity today, with 92% 

of its consumption in electrical generation. These coal electrical plants use coal to generate steam 

to turn turbines that eventually generate the electricity we use. The other 8% resides in industrial, 

commercial, transportation and residential uses. See chart below for a more detailed description 

 
7 US Energy Information Administration, EIA. “U.S. Energy Information Administration - EIA - 

Independent Statistics and Analysis.” Coal mining and transportation - U.S. Energy Information 

Administration (EIA), 2022. https://www.eia.gov/energyexplained/coal/mining-and-

transportation.php. 

 
8 US Energy Information Administration, EIA. “U.S. Energy Information Administration - EIA - 

Independent Statistics and Analysis.” How much coal is left - U.S. Energy Information 

Administration (EIA), 2022. https://www.eia.gov/energyexplained/coal/how-much-coal-is-

left.php. 

 

https://www.eia.gov/energyexplained/coal/mining-and-transportation.php
https://www.eia.gov/energyexplained/coal/mining-and-transportation.php
https://www.eia.gov/energyexplained/coal/how-much-coal-is-left.php
https://www.eia.gov/energyexplained/coal/how-much-coal-is-left.php


   
 

 

on coal use: 

 

The diagram below demonstrates the tiers of environmental effects from underground 

mining and allows a deeper understanding of just how extensive the damage of coal mining is. 

To demonstrate specific outcomes of coal mining, the cumulative effects of water, soil and air 

should be looked at in closer detail. 



   
 

 

Source: Meng, Lei, Qi-yan Feng, Lai Zhou, Ping Lu, and Qing-jun Meng. “Environmental 

 Cumulative Effects of Coal Underground Mining.” Procedia Earth and Planetary 

 Science 1, no. 1 (2009): 1281. https://doi.org/10.1016/j.proeps.2009.09.198.  

The cumulative effect of water (second one from the bottom on the far left) points to 

groundwater and surface water quality and how it evolves based on coal mining. To ensure 

safety of some coal mines, copious amounts of groundwater must be pumped out and drained. 

This process can lead to disastrous effects, such as loss of vegetation and springs drying out, and 

this is especially dangerous in already arid regions where loss of this ground water can lead to 

the land collapsing; or potentially seawater invasion.9 While not due to coal mining, we can see 

an example of seawater intrusion in action specifically in Florida, where seawater intrusion 

causes water quality problems, potentially taking clean water away from communities.10 

 
9 Meng, Lei, Qi-yan Feng, Lai Zhou, Ping Lu, and Qing-jun Meng. “Environmental Cumulative Effects of 

Coal Underground Mining.” Procedia Earth and Planetary Science 1, no. 1 (2009): 1282. 

https://doi.org/10.1016/j.proeps.2009.09.198. P.1282 

 
10 Water Education Foundation, Groundwater. “Seawater Intrusion.” Water Education Foundation, 2022. 

https://www.watereducation.org/aquapedia/seawater-intrusion. 

 

https://doi.org/10.1016/j.proeps.2009.09.198
https://doi.org/10.1016/j.proeps.2009.09.198
https://www.watereducation.org/aquapedia/seawater-intrusion


   
 

 

Furthermore, runoff has become a major problem in mines, as the act of mining itself alters water 

circulation, causing otherwise normal chemical releases of phosphorus and nitrogen into the soil 

to become unhinged and unnatural. The drainage can cause local water sources to become acidic, 

by injecting it with substantial amounts of heavy metals that can encounter rocks containing 

sulfur, creating sulfuric acid. “Mining subsidence together with declined regional underground 

water level and industrial construction of coal area changes the slope of ground surface, and then 

aggravates soil erosion. “11 Long-term coal mining, with the continued disposal of gangue or the 

material coal is found in, causes a buildup of hazardous heavy metals leading into soil pollution 

and damaging of local flora and fauna. 

Coal fired plants pump the air full of sulfur dioxide, mercury, and carbon dioxide, one of 

which forms acid rain, another settles into land and water, specifically in fish where it builds up 

into a toxic form, and the latter brings us closer to the runaway greenhouse effect. The air effect 

gets worse, according to Joel Bourne, a reporter for National Geographic, “Some coal ash 

particles are so fine—less than 2.5 microns in diameter, a 30th the width of a human hair—that 

they can be sucked deep into the lungs and become a health hazard even without toxic 

hitchhikers. PM 2.5, as such particles are called, are also in smog, smoke, and auto exhaust, and 

they are a known cause of numerous respiratory and cardiovascular diseases and a significant 

cause of global mortality.”12 Coal ash, which makes up a small percentage of the non-

combustible part of coal, “concentrates dozens of naturally occurring heavy metals, including 

 
11 Meng, Lei, Qi-yan Feng, Lai Zhou, Ping Lu, and Qing-jun Meng. “Environmental Cumulative Effects of Coal 
Underground Mining.” Procedia Earth and Planetary Science 1, no. 1 (2009): 1283. 
https://doi.org/10.1016/j.proeps.2009.09.198. P.1282 
12 Joel K. Bourne, Jr. “Neglected Threat: Kingston's Toxic Ash Spill Shows the Other Dark Side of Coal.” 

Environment. National Geographic, January 25, 2022. 

https://www.nationalgeographic.com/environment/article/coal-other-dark-side-toxic-ash. 

 

https://doi.org/10.1016/j.proeps.2009.09.198
https://www.nationalgeographic.com/environment/article/coal-other-dark-side-toxic-ash


   
 

 

known carcinogens and toxins such as arsenic, cadmium, lead, vanadium, chromium, as well as 

radioactive uranium and radon. These metals pose the greatest health threat from coal ash. Even 

without a catastrophic spill, they can leach into and contaminate groundwater. Attached to fine 

particles of ash they can drift through the air, blowing onto skin and into nostrils."13 It is 

important to note that all this pollution described above is just scratching the surface of how 

much damage coal does. There are countless disasters that come from coal fired plants, for 

example TVA’s Kingston Fossil Plant, and yet electrical needs today still rely heavily on coal 

despite disaster after disaster, death after death and time bombs that are just waiting to happen to 

the next town or natural environment just unlucky enough to be paired up with a plant like this.  

Oil, also called petroleum or crude oil and much like coal, is created from the remains of 

ancient marine life and contains a concoction of hydrocarbons. Heat and pressure from millions 

of years and the building of sedimentary layers like sand and rock, turned the plant and animal 

remains into oil. Once removed from the ground, the oil is transported to a refinery where it is 

split up into different useable products. Most of the oil that the US gets is from offshore drilling 

operations, where the oil is drilled from the ocean floor. Offshore drilling requires huge 

structures that house all the drilling equipment, housing, and storage; however, once they no 

longer provide oil, they are sealed off and abandoned. When refining crude oil, you end up with 

more than you started, hence a 42-gallon crude oil barrel ends up being a 45-gallon refined 

barrel.14 See diagram below for a breakdown of how crude oil is refined: 

 
13 Joel K. Bourne, Jr. “Neglected Threat: Kingston's Toxic Ash Spill Shows the Other Dark Side of Coal.” 

Environment. National Geographic, January 25, 2022. 

https://www.nationalgeographic.com/environment/article/coal-other-dark-side-toxic-ash. 

14 US Energy Information Administration, EIA. “U.S. Energy Information Administration - EIA - 

Independent Statistics and Analysis.” Refining crude oil - U.S. Energy Information Administration 

https://www.nationalgeographic.com/environment/article/coal-other-dark-side-toxic-ash


   
 

 

 

Crude oil is not always extracted through offshore drilling, but sometimes bubbles to the 

surface and is called bitumen. Also called tar sands or oil sands, it is immensely difficult to 

extract since it requires vast amounts of water to separate the sand and clay from the bitumen. 

Nevertheless, bitumen is important, as more than 4/5ths of extracted bitumen is used to make 

asphalt for our road infrastructure. Bitumen, however, contains higher levels of heavy metals, an 

important one being sulfur, and its production releases a notable amount more of carbon 

 
(EIA), 2022. https://www.eia.gov/energyexplained/oil-and-petroleum-products/refining-crude-

oil.php. 

 

https://www.eia.gov/energyexplained/oil-and-petroleum-products/refining-crude-oil.php
https://www.eia.gov/energyexplained/oil-and-petroleum-products/refining-crude-oil.php


   
 

 

emissions than average crude oil. The water used to extract the bitumen is further released back 

into the natural environment, contaminating the already damaged water supply.15  

Petroleum is used in every aspect of our lives, from artificial limbs to the cars we drive, 

but it comes with a toll on the environment. Most notably, our everyday combustion engines, 

“Every 3.8 liters (1 gallon) of ethanol-free gas that is combusted in a car’s engine releases about 

9 kilograms (20 pounds) of carbon dioxide into the environment. (Gasoline infused with 10% 

ethanol releases about 8 kilograms (17 pounds.)) Diesel fuel releases about 10 kilograms (22 

pounds) of carbon dioxide, while biodiesel (diesel with 10% biofuel) emits about 9 kilograms 

(20 pounds)."16 On top of that, petroleum refineries are an enormous source of hazardous air 

pollutants, including the release of carbon monoxide, BTEX compounds, sulfur dioxide, and 

hydrogen sulfide. These chemicals are cancer causing agents and create respiratory and 

reproductive issues such as asthma and infertility. “Air emissions can come from several sources 

within a petroleum refinery including equipment leaks (from valves or other devices); high-

temperature combustion processes in the actual burning of fuels for electricity generation; the 

heating of steam and process fluids; and the transfer of products. Many thousands of pounds of 

these pollutants are typically emitted into the environment over a year through normal emissions. 

“17 Some refineries take the wastewater generated from the plant and inject it deep into the 

ground, contaminating groundwater. Even though there are regulations in place to try and 

 
15 National Geographic, ENCYCLOPEDIC ENTRY. “Petroleum.” National Geographic Society, 2022. 

https://education.nationalgeographic.org/resource/petroleum. 

16 National Geographic, ENCYCLOPEDIC ENTRY. “Petroleum.” National Geographic Society, 2022. 

https://education.nationalgeographic.org/resource/petroleum. 

17 EPA, Environmental Protection Agency. “Environmental Update #12.” EPA. Environmental Protection 

Agency, June 2003. https://cfpub.epa.gov/ncer_abstracts/index.cfm. 

 

https://education.nationalgeographic.org/resource/petroleum
https://education.nationalgeographic.org/resource/petroleum
https://cfpub.epa.gov/ncer_abstracts/index.cfm


   
 

 

prevent hazardous wastes from entering surface water reserves, buildup from past 

contaminations may cause the waste to remain in surface water sources.  

Natural gas, much like any other fossil fuel, is formed deep under Earth’s surface after 

millions of years of organic matter is morphed by heat and pressure. It is mainly composed of 

hydrocarbons gases, CO2 and water vapor and can be classified as conventional or 

unconventional natural gas. Conventional and unconventional refers to where natural gas forms, 

where conventional refers to natural gas forming in spaces between overlying sediments and 

rock and unconventional, also called shale or tight gas, forms in small spaces, specifically in 

sedimentary rock formations. See image below for a detailed depiction of gas formation: 

 

Geologists typically use seismic surveys to pinpoint places to mine natural gas and these 

surveys use seismic waves to get geologic information on the local rock formations. To create 

seismic waves, geologists use a tool called a thumper truck, which slams against the ground 

using a vibrating pad and this is used on land, while in water, sonic sound waves are used. If the 

geologic seismic survey gives the green light for a reserve that can provide an overall profit for 



   
 

 

the operation, drilling and development or productions wells are installed. “In the United States 

and in a few other countries, natural gas is produced from shale and other types of sedimentary 

rock formations by forcing water, chemicals, and sand down a well under high pressure. This 

process, called hydraulic fracturing or fracking, and sometimes referred to as unconventional 

production, breaks up the formation, releases the natural gas from the rock, and allows the 

natural gas to flow to and up wells to the surface. At the top of the well on the surface, natural 

gas is put into gathering pipelines and sent to natural gas processing plants.”18 After this drilling 

and fracking process, the gas, now called wet natural gas since it contains alkanes or NGLs such 

as ethane and butane and water vapor, is sent to get processed. The NGLs are separated first 

from the natural gas and then processed on their own and sold, while the natural gas, now called 

dry or pipeline quality, is delivered to storage facilities or distribution centers using pipelines.  

 

 
18 Energy Information Administration, EIA. “U.S. Energy Information Administration - EIA - Independent 

Statistics and Analysis.” Natural gas explained - U.S. Energy Information Administration (EIA), 

2022. https://www.eia.gov/energyexplained/natural-gas/. 

https://www.eia.gov/energyexplained/natural-gas/


   
 

 

In the U.S. alone, the gas pipeline network is ~3 million miles (about 4828032 km) and in 

2020 “...delivered about 27.7 trillion cubic feet of natural gas to about 77.3 million customers.”19 

While natural gas is being hailed as a cleaner alternative to coal and oil, it is not renewable nor is 

it environmentally friendly. It has been hailed as environmentally friendly simply because it is 

less “dirty” than oil and coal, but it is still a dangerous fuel and a non-renewable source of 

energy. To put it in perspective about how “clean” it actually is: “About 117 pounds of CO2 are 

produced per million British thermal units (MMBtu) equivalent of natural gas compared with 

more than 200 pounds of CO2 per MMBtu of coal and more than 160 pounds per MMBtu of 

distillate fuel oil."20 While it does release fewer emissions, it still releases emissions into our 

atmosphere and in the drilling and production process it has strong environmental side effects. 

The drilling process alone may require onsite workers to level and clear the surrounding area in 

order to set up a drilling well, as well as contaminate local water supplies; laying pipelines also 

require leveling and clearing since they are below ground. The EPA found that in 2019 

“...methane emissions from natural gas and petroleum systems and from abandoned oil and 

natural gas wells were the source of about 29% of total U.S. methane emissions and about 3% of 

total U.S. greenhouse gas emissions."21 Keep in mind that methane is a strong greenhouse gas, 

far more dangerous in the atmosphere than CO2 despite its lifetime being significantly shorter 

 
19 Energy Information Administration, EIA. “U.S. Energy Information Administration - EIA - Independent 

Statistics and Analysis.” Natural gas explained - U.S. Energy Information Administration (EIA), 

2022. https://www.eia.gov/energyexplained/natural-gas/. 

20 Energy Information Administration, EIA. “U.S. Energy Information Administration - EIA - Independent 

Statistics and Analysis.” Natural gas explained - U.S. Energy Information Administration (EIA), 

2022. https://www.eia.gov/energyexplained/natural-gas/. 

 
21 Energy Information Administration, EIA. “U.S. Energy Information Administration - EIA - Independent 

Statistics and Analysis.” Natural gas explained - U.S. Energy Information Administration (EIA), 

2022. https://www.eia.gov/energyexplained/natural-gas/. 

 

https://www.eia.gov/energyexplained/natural-gas/
https://www.eia.gov/energyexplained/natural-gas/
https://www.eia.gov/energyexplained/natural-gas/


   
 

 

than CO2’s. Methane traps heat almost 90x more efficiently than carbon dioxide and wields far 

more power in our race to stop global heating.22 

It is transparent that fossil fuels dominate our current economic and production needs, 

and it is a pit that we have dug ourselves into. These environmental conditions that have been 

created by fossil fuels are going to take an enormous amount of coordinated effort to reverse and 

repair and yet, we are still adding to them, believing that there is still a way out of it. While there 

is still a way out, our window is becoming narrower before environmental and health tipping 

points are reached and result in long-term disasters and adverse health effects that leech deeper 

into our ecosystems. The big question is how we meet the infrastructure, consumer product and 

energy demand that fossil fuels currently meet without the adverse effects of climate change, 

biodiversity loss and negative human health impacts?  

In the past decade there has been a call to reform the traditional economic model of fossil 

fuels to address the rising concerns of climate change, depletion of water reserves, rise in 

poverty, access to energy and loss of biodiversity. In 2015, the 17 Global Goals were established 

and adopted by countries across the globe, where an agenda for sustainable development was 

developed for 2030. These 17 goals have helped to bridge the gap between our economic and 

environmental systems, while also establishing that building this new alternative economy must 

also address world poverty in terms of health, jobs availability, education, and social structure. 

The center of all this resides in energy, which is the supplemental infrastructure and foundation 

to make these changes happen. If we want to push towards a sustainable future, it all resides in 

 
22 Borunda, Alejandra. “Natural Gas Is a Much 'Dirtier' Energy Source, Carbon-Wise, than We Thought.” 

Science. National Geographic, May 3, 2021. 

https://www.nationalgeographic.com/science/article/super-potent-methane-in-atmosphere-oil-

gas-drilling-ice-cores. 

https://www.nationalgeographic.com/science/article/super-potent-methane-in-atmosphere-oil-gas-drilling-ice-cores
https://www.nationalgeographic.com/science/article/super-potent-methane-in-atmosphere-oil-gas-drilling-ice-cores


   
 

 

our energy sources and our ability to replace existing systems that damage and create energy 

poverty for already poor areas. The first step should be in the direction of implementing more 

widespread solar, wind, hydroelectric, geothermal, etc. infrastructure to create a stronger 

downtrend in climate heating and mitigate conditions that add to poverty.  

Photovoltaic cells and panels, or more commonly known as solar panels, are composed of 

the semiconductor silicon. Silicon has the special property where it has weakly bonded electrons 

so when sunlight hits the silicon surface, the electrons can break free and join an electrical 

current. A solar panel is made up of four layers, starting from top to bottom: the first layer is an 

anti-reflection coating, second layer is a silicon layer mixed with phosphorus with metal 

conductive strips, third layer is silicon as well mixed with boron and finally a metal backing 

usually composed of aluminum. Before the sun even hits the solar cell, we must establish an 

electric potential, which is why phosphorus is added in the second layer, giving it an overall 

positive charge, and the boron in the layer below gives it an overall negative charge. Both layers 

work together, so when the sun’s rays hit the cell, an electron is knocked loose, where the top 

layer attracts electrons and bottom repels them forcing them to travel through the metallic strips 

down to a wire to provide power. Electrons can even be returned to the metallic bottom of the 

solar cell so the process can continue. I want to also mention that I use the term “solar cell” 

because that is what a solar panel is composed of, since a solar cell can only generate enough to 

power a calculator, they are combined to be more efficient. There are many distinct types of solar 

cells: single crystal silicon, polycrystalline silicon, amorphous, CIS, and CIGS to touch on a few. 

The specifics are not important right now, but each type has a different efficiency level, and 

typically they range from 5%-22% efficiency. 

The Sun will die in a few billion years; hence one might ask, how could this be 

considered a renewable source? Well, even one billion years is an enormous timeline for 



   
 

 

humanity to exist on since we have only been around for ~300,000 years, which keep in mind is 

only .03% of one billion. Earth’s surface receives enough energy in 57 minutes and 3 seconds to 

meet all human energy needs for a year. “Global horizontal irradiance (GHI) is the measure of 

the quantity of the available solar resources per surface area... The average solar energy received 

in the Middle East that is measured in global horizontal irradiance varies between 1800 kWh-h 

per square meter per year (kWh/m2/y) to 2300 kWh/m2/y, while in Europe, it is about 1200 

KWh/m2/y.”23 

Source: World Bank Group, WBG. “Solar Photovoltaic Power Potential by Country.” 

World Bank. World Bank Group, September 10, 2020. 

https://www.worldbank.org/en/topic/energy/publication/solar-photovoltaic-power-

potential-by-country. 

 
23 Kafle, Mandip, Prabhat Rai, Nelson Gurung, and Sandip Rana Magar . “An Analysis on Solar Energy,” 

November 2020, p.6. 

https://doi.org/https://www.researchgate.net/publication/346059245_An_analysis_on_Solar_En

ergy. 

 

https://www.worldbank.org/en/topic/energy/publication/solar-photovoltaic-power-potential-by-country
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In this diagram above, PVOUT stands for photovoltaic output or energy output from a 

photovoltaic cell. It is transparent that the global south can benefit from this change the most, 

instead of relying on fossil fuels. However, solar cells do come with energy limitations, but keep 

in mind, this is still a developing technology, hence these drawbacks are currently being 

addressed. If a photon encounters the solar cell and is below the band gap energy, it cannot 

generate the electron hole, hence the energy is not converted into an electrical output. If the 

photon is above the band energy gap, only a small part of the energy is used to generate the free 

electron, and the leftover produces heat. Lastly, when sunlight hits the cell, part of it is absorbed, 

part of it is transmitted and the last part is reflected, so the efficiency of capturing light is poor.  

 In 2021, 514,000 systems were installed, which was a 30% increase from 2020.24 On top 

 
24 SEIA, Solar Energy Industries Association. “Solar Market Insight Report 2021 Year in Review.” SEIA, 

2021. https://www.seia.org/research-resources/solar-market-insight-report-2021-year-review. 

https://www.seia.org/research-resources/solar-market-insight-report-2021-year-review


   
 

 

of developing their own electrical source, solar households and apartments could run their 

electric meter backwards if they generate enough electricity to add to the grid, which allows 

these individuals to pay significantly less on their utilities.25 Electric companies and utilities are 

fighting back because they see it as solar households avoiding paying their “fair” share of utility 

bills; but, of course, this is completely ridiculous, as they are simply angry that they are losing a 

sizable portion of their income. This could even become an influential drive, as utility and 

electric companies lose money due to solar households, they might have to drive up costs to 

compensate, forcing more households to consider solar to reduce their monthly bills. In response 

to utility companies complaining, net metering has been introduced, which is utilities seeking to 

increase what they charge solar households. In Arizona, “...regulators also deferred a showdown, 

voting in November to allow the state's largest utility to take an additional fee, about $5 a month, 

on the bill of customers with new solar installations. It is far less than the $50 monthly surcharge 

Arizona Public Service originally sought.” Vote Solar Initiative Adam Browning sees this as a 

sad rebuttal to solar energy, relating it to the functional equivalent of shutting off the lights in 

your house and receiving accusations for raising your neighbors' rates.26 Some individuals may 

see this as a harsh way of putting it, but if utility companies are getting needlessly angry for 

homeowners switching to solar, then this analogy is called for.   

Using solar roof panels within cities to combat global warming, UHIs (Urban Heat 

Islands), and city energy demands could be crucial for city infrastructure, specifically in 

 
25 Than, Ker. “As Solar Power Grows, Dispute Flares over U.S. Utility Bills.” Science. National Geographic, 

May 3, 2021. https://www.nationalgeographic.com/science/article/131226-utilities-dispute-net-

metering-for-solar. 

26 Than, Ker. “As Solar Power Grows, Dispute Flares over U.S. Utility Bills.” Science. National Geographic, 

May 3, 2021. https://www.nationalgeographic.com/science/article/131226-utilities-dispute-net-

metering-for-solar. 

https://www.nationalgeographic.com/science/article/131226-utilities-dispute-net-metering-for-solar
https://www.nationalgeographic.com/science/article/131226-utilities-dispute-net-metering-for-solar
https://www.nationalgeographic.com/science/article/131226-utilities-dispute-net-metering-for-solar
https://www.nationalgeographic.com/science/article/131226-utilities-dispute-net-metering-for-solar


   
 

 

summertime where cooling demands become extremely excessive. Researcher F. Salamanca 

looked at the “...summertime regional impacts of cool roof and rooftop solar photovoltaic 

deployment on near-surface air temperature and cooling energy demand...for the two major US 

cities of Arizona: Phoenix and Tucson.”27 Salamanca is trying to reduce heat indexes within 

large cities, which could directly affect the way inhabitants use their AC or cooling systems, 

preferably making them run less. On average, UEI produces an increase in temperatures 

anywhere from 1 to 6 degrees Fahrenheit during the day and up to the low twenties at night, 

since a lot of these buildings trap heat during the day and release it at night. In terms of 

Salamanca’s experiment, the cool roofs ended up “...reduced the near-surface air temperature up 

to 0.5 ◦C for some central areas of Phoenix and Tucson. However, during the night, the cooling 

was less significant and typically ranged from 0.1 to 0.2 ◦C.“28 .5 degrees C is almost 30 degrees 

Fahrenheit, which means that these cool roofs that are used in this small experiment, if they were 

to be used large scale, could significantly reduce heat pollution, and add to the electrical grid as 

well. Salamanca went further to say “Originally, solar photovoltaic panels were developed to 

diminish dependence on fossil fuels aimed at mitigation of global warming, rather than to 

 
27 Salamanca, F., M. Georgescu, A. Mahalov, M. Moustaoui, and A. Martilli. “Citywide Impacts of Cool 

Roof and Rooftop Solar Photovoltaic Deployment on near-Surface Air Temperature and Cooling 

Energy Demand.” Boundary-Layer Meteorology 161, no. 1 (2016): p.203. 

https://doi.org/10.1007/s10546-016-0160-y. 

 
28 Salamanca, F., M. Georgescu, A. Mahalov, M. Moustaoui, and A. Martilli. “Citywide Impacts of Cool 

Roof and Rooftop Solar Photovoltaic Deployment on near-Surface Air Temperature and Cooling 

Energy Demand.” Boundary-Layer Meteorology 161, no. 1 (2016): p.212. 

https://doi.org/10.1007/s10546-016-0160-y. 

 

https://doi.org/10.1007/s10546-016-0160-y
https://doi.org/10.1007/s10546-016-0160-y


   
 

 

combat the UHI (Urban Heat Islands). However, solar photovoltaic panels can be considered as 

an additional mitigation strategy.”29 

Due to falling costs, wind power has become an increasingly popular renewable energy 

source. “Global installed wind-generation capacity onshore and offshore has increased by a 

factor of almost 75 in the past two decades, jumping from 7.5 gigawatts (GW) in 1997 to some 

564 GW by 2018, according to IRENA's latest data. Production of wind electricity doubled 

between 2009 and 2013, and in 2016 wind energy accounted for 16% of the electricity generated 

by renewables.”30 A wind turbine produces energy using wind to create motion and kinetic 

energy when hitting the turbine blades. As the turbine blades are pushed by wind and gain 

momentum, they cause the turbine to turn, transferring kinetic to rotational energy and 

consequently producing electricity. Power is directly related to the length and size of the blades 

and turbine. The electrical output caused by the blades turning the turbine is proportional to  

Wind Speed^3 and the rotor’s dimensions. The graph below shows the increase in wind power 

generation through the last decade.  

 
29 Salamanca, F., M. Georgescu, A. Mahalov, M. Moustaoui, and A. Martilli. “Citywide Impacts of Cool 

Roof and Rooftop Solar Photovoltaic Deployment on near-Surface Air Temperature and Cooling 

Energy Demand.” Boundary-Layer Meteorology 161, no. 1 (2016): p.219. 

https://doi.org/10.1007/s10546-016-0160-y. 

 
30 IRENA, International Renewable Energy Agency. “Wind Energy.” IRENA, 2022. 

https://irena.org/Energy-Transition/Technology/Wind-energy. 

https://doi.org/10.1007/s10546-016-0160-y
https://irena.org/Energy-Transition/Technology/Wind-energy


   
 

 

 

Source: IRENA, International Renewable Energy Agency. “Wind Energy.” IRENA, 2022. 

https://irena.org/Energy-Transition/Technology/Wind-energy. 

“Wind-turbine capacity has increased over time. In 1985, typical turbines had a rated capacity of 

0.05 megawatts (MW) and a rotor diameter of 15 meters. Today’s new wind power projects have 

turbine capacities of about 2 MW onshore and 3–5 MW offshore. Commercially available wind 

turbines have reached 8 MW capacity, with rotor diameters of up to 164 meters (about 538.06 

ft). The average capacity of wind turbines increased from 1.6 MW in 2009 to 2 MW in 2014.”31  

 
31 IRENA, International Renewable Energy Agency. “Wind Energy.” IRENA, 2022. 

https://irena.org/Energy-Transition/Technology/Wind-energy. 

https://irena.org/Energy-Transition/Technology/Wind-energy
https://irena.org/Energy-Transition/Technology/Wind-energy


   
 

 

 

Wind turbines are creating lots of jobs and take second place in the fastest growing US 

jobs for the past decade, with 120,000 people in this field across 50 states. Wind is an 

inexhaustible source of energy, as it only requires wind to power the turbine and provides 

electricity to communities without the health and environmental burden of burning fossil fuels. 

“Wind energy helps avoid 329 million metric tons of carbon dioxide emissions annually – 

equivalent to 71 million cars worth of emissions that along with other atmospheric emissions 

cause acid rain, smog, and greenhouse gases.”32 However, it is important to note, alongside all 

these benefits, that the ideal sites to build wind farms require remote locations and the 

 
32 Energy Efficiency & Renewable Energy, Wind Energy Technology Office. “Advantages and Challenges 

of Wind Energy.” Energy.gov, 2022. https://www.energy.gov/eere/wind/advantages-and-

challenges-wind-energy. 

https://www.energy.gov/eere/wind/advantages-and-challenges-wind-energy
https://www.energy.gov/eere/wind/advantages-and-challenges-wind-energy


   
 

 

formidable challenge of bringing that generated electricity to communities. Further research is 

also needed to reduce the impact of wildlife interactions with wind turbines.  

Geothermal energy uses heat below the earth's surface, using steam to carry heat energy 

to the surface. It can either be used for cooling and heating or generating electricity; however, to 

generate clean electricity, exceedingly elevated temperatures are needed, hence collection plants 

are geographically located in regions of high tectonic activity. This type of renewable energy 

provides a vast share of electricity needs in countries such as New Zealand, Iceland (covers 

greater than 90% of all heating needs), and the Philippines. Geothermal does not rely on weather 

and can store a lot of energy and can therefore provide flexibility for short- and long-term needs. 

“Many of the power plants in operation today are dry steam plants or flash plants (single, double, 

and triple) harnessing temperatures of more than 180°C. However, medium temperature fields 

are increasingly used for electricity generation or for combined heat and power thanks to the 

development of binary cycle technology, in which geothermal fluid is used via heat exchangers 

to heat a process fluid in a closed loop.”33 

 
33 IRENA, International Renewable Energy Agency. “Home.” IRENA, 2022. https://www.irena.org/Energy-

Transition/Technology/Geothermal-energy. 
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Source: IRENA, International Renewable Energy Agency. “Home.” IRENA, 2022. 

https://www.irena.org/Energy-Transition/Technology/Geothermal-energy. 
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Source: National Geographic, Geothermal Energy. “Geothermal Energy.” National Geographic 

Society, 2022. https://education.nationalgeographic.org/resource/geothermal-energy. 

There are three main types of power plants for collecting geothermal energy: Dry-Steam 

Power Plants, Flash-Steam Power Plants, Binary Cycle Power Plants and Enhanced Geothermal 

Systems. The first, dry-steam power plant, uses naturally occurring below surface steam, which 

is transported via pipes directly to the plant itself to fuel and turn the turbines. Flash-Steam 

Power plants take advantage of naturally occurring pools of below surface steam and hot water 

that is above 182°C, where it is then piped to a low-pressure area. Usually during transportation, 

a portion of the water swiftly evaporates, becoming steam, which is then piped to power a 

turbine. The remaining water that did not evaporate is put into a separate holder tank to attempt 

to draw out more energy. This is the most common type of geothermal power plant and is used 

by Iceland and the Philippines. Binary Cycle plants heat underground water between the range of 

https://education.nationalgeographic.org/resource/geothermal-energy


   
 

 

107°C to 182°C. The hot water, which is cycled through a pipe above ground and eventually 

cycles back underground to be heated up again by the Earth, uses an organic compound called 

tetrafluoroethene, which has a lower boiling point than water, to create steam; steam is piped to 

the turbine, where electricity is produced. EGS (enhanced geothermal system) employs the tools 

of drilling into underground areas, fracturing them, and injecting chilly water into the drilled and 

fractured spot that is dry but ridiculously hot. “To develop an EGS, an “injection well” is drilled 

vertically into the ground. Depending on the type of rock, this can be as shallow as 1 kilometer 

(0.6 mile) to as deep as 4.5 kilometers (2.8 miles). High-pressure chilly water is injected into the 

drilled space, which forces the rock to create new fractures, expand existing fractures, or 

dissolve. This creates a reservoir of underground fluid.”34 It then has the same process as the 

binary cycle plants, where pumped underground water, in this case called brine, is heated, and 

then used to boil an organic compound with a lower boiling point to produce steam. It is 

important to note that the pumping process for EGSs (Enhanced Geothermal System) causes 

many small earthquakes to occur even after water injection was stopped.  

The Earth has been giving off heat for its whole lifetime, 4.543 billion years, and will 

continue to do so until the core has cooled significantly, hence geothermal energy is a renewable 

source. Nevertheless, these wells that we use for our plants will inevitably cool, especially if we 

use them faster than they can replenish themselves. We can use the process of re-injecting water 

to extend a well's life, but this goes back to the issue with EGSs. Also, if the piping system itself 

is not insulated properly, the water that is used can pick up mercury, arsenic and other dangerous 

substances that can leak into local water sources. Another issue associated with geothermal 

plants is that they are enormously expensive to develop and build, therefore developing nations, 

 
34 National Geographic, Geothermal Energy. “Geothermal Energy.” National Geographic Society, 2022. 

https://education.nationalgeographic.org/resource/geothermal-energy. 
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who do not have the sophisticated infrastructure to support them or the funds to invest, are left 

with the only option of foreign investment.  

Hydrogen (H or the first element in the periodic table and the most abundant element in 

the universe) is an integral component of the modern-day refining industry. Hydrogen is easily 

storable, it is light and gives off no emission, but more importantly it needs to be adopted past 

the refining industry where it can provide an enormous contribution in helping other industries 

reach clean standards. Unfortunately, since hydrogen is in such high demand, its production 

accounts for ~830 million tons of CO2 every year. This is from its extraction process, more 

specifically where it is taken from, which is biomass, fossil fuels and water, where natural gas is 

the primary source, taking up almost ¾ of its production. The main reason for that is due to 

production cost:  

Source: IEA, Future of Hydrogen. “The Future of Hydrogen – Analysis.” IEA, 2019. 

https://www.iea.org/reports/the-future-of-hydrogen. 

https://www.iea.org/reports/the-future-of-hydrogen


   
 

 

According to the chart, renewables are the most expensive way of producing carbon; 

however, due to declining costs for renewable energy sources, such as wind and solar, the 

creation of electrolysers, which are designed to separate hydrogen from its naturally occurring 

source through a process called electrolysis, could become the new cost-effective solution for 

producing it. Instead of supplying oil refining, steel, and ammonia production with fossil fuel 

derived hydrogen, we could use this new system to massively reduce emissions from these 

processes. Even in transportation, since most options for aviation and shipping enterprises have 

virtually no alternative to carbon-based fuel, hydrogen represents a huge improvement and 

opportunity. While renewable energies can be crucial for clean hydrogen production, hydrogen is 

actually “...one of the leading options for storing renewable energy, and hydrogen and ammonia 

can be used in gas turbines to increase power system flexibility.”35 Hydrogen still has a long way 

to go to be this viable since it is still used highly at the industrial level. Renewable hydrogen 

infrastructure is slow going and holds back from it being more widespread in other industries. 

The reason there has been such a push for hydrogen is highlighted in the map below. This map 

shows us where hydrogen costs will be in the long term and where it is cheapest, the global 

south, which is where energy poverty is so critical and a place where hydrogen can make a stark 

difference in economic and energy transitions. 

 
35 IEA, Future of Hydrogen. “The Future of Hydrogen – Analysis.” IEA, 2019. 

https://www.iea.org/reports/the-future-of-hydrogen. 
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Source: IEA, Future of Hydrogen. “The Future of Hydrogen – Analysis.” IEA, 2019. 

https://www.iea.org/reports/the-future-of-hydrogen.  

The movement of energy poverty can be followed back to Britain during the 1970s, 

where a fuel rights movement demonstrated that the inability to access energy services was 

energy poverty. It has taken a step further, tweaking the meaning to the absence of clean 

facilities and fuel, as well as clean energy sources. Energy is transparently a vital component of 

any economy, hence reaching the next step in economic growth for any country, developing or 

non-developing, requires achieving a renewable supply of energy. With that assumption in mind, 

the quality of energy is directly proportional to the macroeconomic variables of inequality and 

poverty, therefore, with the increase of these variables, we have a direct impact on reducing these 

two.  

Poverty is self-replicating, it is a cycle of factors that bear down on individuals in 

poverty, it is a grave digger that requires enormous amounts of time and energy to break. “The 

lack of energy is a form, outcome, and cause of poverty [1]. Insecurity in energy constraints the 

https://www.iea.org/reports/the-future-of-hydrogen


   
 

 

income generating capabilities, as product- and service-based enterprises as well as public 

services depend on energy as an input for production, profitability, or efficiency [98]. This could 

cause a vicious cycle [9], as the constraints on income generation induced by the lack of energy 

could further limit individual's ability to access energy.”36 Through this we see energy justice 

and poverty take on the dimension of energy affordability, which is the cost of transportation and 

use of energy. High energy prices can have adverse effects on income, especially in developing 

countries, where a potential rise in cost can directly lead to a decrease or increase in the 

consumption or use of other goods. This could mean that households would use an appliance, for 

example, less than average and therefore cause a drop in demand for this appliance or due to 

higher energy prices, households must rely on other methods of fulfilling their basic needs. 

Admon and Amuakwa-Mensah, in their research find that “...increasing the price of electricity by 

10% would increase extreme poverty and moderate poverty by 11.1% and 2.72%, respectively. 

Poor people spend a higher proportion of their income on energy than the rich people do [56]. 

Moreover, the poor have a lower capacity to reduce energy because of their inability to finance 

the high upfront cost of energy-efficient technologies.”37 

Toman in An Assessment of the state of knowledge brings forward “...that improving 

electricity access and reliability could induce households to reallocate their time away from 

energy collection, processing and provision towards education, income generation, and health 

 
36 Adom, Philip Kofi, Franklin Amuakwa-Mensah, Mawunyo Prosper Agradi, and Aimable Nsabimana. 

“Energy Poverty, Development Outcomes, and Transition to Green Energy.” Renewable Energy 

178 (2021): p.1339. https://doi.org/10.1016/j.renene.2021.06.120. 

37 Adom, Philip Kofi, Franklin Amuakwa-Mensah, Mawunyo Prosper Agradi, and Aimable Nsabimana. 

“Energy Poverty, Development Outcomes, and Transition to Green Energy.” Renewable Energy 

178 (2021): p.1344. https://doi.org/10.1016/j.renene.2021.06.120. 
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benefits (by reducing indoor air pollution and improving the ability to refrigerate).”38 To think of 

it in simpler terms, if a household has access to cleaner, more efficient energy systems, they 

could have extra hours for productive tasks like work or reading due to an increase in lighting. It 

is extremely difficult for those in developed countries to envision that bedroom lighting or night 

lights are a luxury, but if one can see the endless benefits that running our lighting throughout the 

night does to our productivity, it makes sense how much of an impact something so small can 

have. Imagine you only had daylight or firelight to do work tasks or homework, it would be 

virtually impossible to get everything done in a reasonable period; access to all this energy gives 

us time flexibility. In Power to the People: Energy in Europe over the Last Five Centuries, 

Malanima, Kander and Warde demonstrate that “...the application of electricity produced greater 

productivity gains compared with other traditional energy sources, which are more polluting and 

require more labor hours to collect, process and use."39  

Countries today are now looking to accelerate away from fossil fuels and towards more 

renewable and alternative energy infrastructures, causing pressure to mount on developing 

nations, whose developing energy grid is vulnerable to this change. Since their economies and 

energy reserves, most in the global south, are heavily reliant on fossil fuels, this is the time to 

consider needed investments and infrastructure for long term energy resilience. The global north 

is a huge part of this issue, as foreign intervention and investment in African nations are directly 

responsible for this heavy reliance on fossil fuels, especially corporate outsourcing for cheaper 

 
38 Adom, Philip Kofi, Franklin Amuakwa-Mensah, Mawunyo Prosper Agradi, and Aimable Nsabimana. 

“Energy Poverty, Development Outcomes, and Transition to Green Energy.” Renewable Energy 

178 (2021): 1338. https://doi.org/10.1016/j.renene.2021.06.120. 

39 Adom, Philip Kofi, Franklin Amuakwa-Mensah, Mawunyo Prosper Agradi, and Aimable Nsabimana. 

“Energy Poverty, Development Outcomes, and Transition to Green Energy.” Renewable Energy 

178 (2021): p.1338. https://doi.org/10.1016/j.renene.2021.06.120. 
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labor. “Africa is already one of the regions of the world most affected by climate disorders and is 

home to one-sixth of the global population. Yet, it accounts for less than 6% of global energy 

consumption and 2% of cumulative global emissions. The continent faces a parallel imperative 

of extending electricity access to hundreds of millions of citizens who are currently deprived of 

it, which would stimulate economic growth and help attain sustainable development goals.”40 

Africa has enormous geographic diversity that holds the potential for all kinds of solar 

and wind power implementation and contains the necessary metals and minerals needed for these 

renewable technologies. The continent itself holds almost 1/5 of the world’s population, but only 

accounts for not even 3% of the world’s net CO2 emissions. However, the continent is 

experiencing larger rates of water stress, extreme weather conditions, climate change, food 

production issues and decreased economic growth than countries with significantly larger 

negative climate impacts. All these changes together are directly pouring into regional and 

governmental instability, as well as mass migration. Thankfully, however, in May of 2022, 

nations taking up more than 70% of the world’s CO2 emissions have come together to agree on 

reaching net zero emissions by the middle of the 21st century. “This includes 12 African 

countries that represent over 40% of the continent’s total CO2 emissions. These ambitions are 

helping set a new course for the global energy sector amid declining clean technology costs and 

shifting global investment. African countries – nearly all of which are party to the Paris 

Agreement on Climate Change – are poised to capture the technology spillovers of these changes 

and attract increasing flows of climate finance.”41 The hope comes in solar cell potential in 

 
40 Iea, Africa. “Africa Faces Both Major Challenges and Huge Opportunities as It Transitions to Clean 

Energy - News.” IEA, 2022. https://www.iea.org/news/africa-faces-both-major-challenges-and-

huge-opportunities-as-it-transitions-to-clean-energy. 

41 Iea, Key Findings. “Key Findings – Africa Energy Outlook 2022 – Analysis” IEA, 2022. 

https://www.iea.org/reports/africa-energy-outlook-2022/key-findings. 

https://www.iea.org/news/africa-faces-both-major-challenges-and-huge-opportunities-as-it-transitions-to-clean-energy
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Africa, as it is home to 60% of the globe’s best solar resources, but as little as 1% solar capacity 

is installed. Fortunately, China’s investments in building coal fired plants will be ending soon 

due to their announcement on ending support, but if China would redirect the discontinued 

investments in coal towards solar capacity, it would front almost half of all solar panel capacity 

in Africa. See chart below for projections where fossil fuels are in red, and renewables in green:  

 

Source: Iea, Key Findings. “Key Findings – Africa Energy Outlook 2022 – Analysis” IEA, 2022. 

https://www.iea.org/reports/africa-energy-outlook-2022/key-findings. 
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Source: Iea, Key Findings. “Key Findings – Africa Energy Outlook 2022 – Analysis” IEA, 2022. 

https://www.iea.org/reports/africa-energy-outlook-2022/key-findings. 

Lastly, it is important to note that the production of gas and oil in Africa is still vital, but 

the focus of this production needs to shift to matching domestic needs. “Between now and 2030, 

Africa’s domestic demand for both oil and gas accounts for around two-thirds of the continent’s 

production. This puts greater emphasis on developing well-functioning infrastructure within 

Africa, such as storage and distribution infrastructure, to meet domestic demand for transport 

fuels and LPG. In parallel, African countries focus on strengthening energy efficiency policies, 

and expanding renewables and other clean energy technologies.”42 While the intention is to shift 

away from gas and oil, it cannot be an instantaneous process, as Africa still needs markets to 

 
42 Iea, Key Findings. “Key Findings – Africa Energy Outlook 2022 – Analysis” IEA, 2022. 

https://www.iea.org/reports/africa-energy-outlook-2022/key-findings. 
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support these renewable changes. Instead of dropping, taking steps to decarbonize the production 

of fossil fuels can aid in reducing emissions while also building up African country’s economic 

infrastructure so that in the future, the shift to renewables is not such a taxing change. This needs 

to happen now, however, this should not be a plan that is implemented in the future, but rather a 

plan to be implemented now, hence the timeline for net zero emissions is met in a timely and 

humane matter. These technologies that decarbonize the extraction and production process 

already exist and can be economically viable, as well as boosting, helping to build a foundation 

for future renewable infrastructure. For example, “...monetizing wasted gas from flaring, 

minimizing fugitive emissions, and deploying zero-carbon energy supply such as solar power for 

energy at the well pad are also now available for deployment and increasingly present economic 

benefits... There are also regulatory levers that African producer countries could consider 

improving the cost environment, including ensuring that local content regulations strike an 

appropriate balance between building local-industry capacity and reducing costs.”43 The idea 

again is to build up developing nations economies and infrastructure using existing systems and 

then modifying them to fit an alternative renewable reliant economy, while simultaneously 

building sustainable and finally using that as a springboard to fully transition into a completely 

renewable system.  

Nuclear power plants, a potential key to building an alternative renewable economy, 

began generating electricity in the U.S. for the public back in 1958 and at the end of this past 

year, the U.S. 55 nuclear power plants with 93 commercially operating reactors, across 28 states. 

Nuclear energy electric generation output peaked in the year 2012, providing ~102000 

 
43 Leke, Acha, Peter Gaius-Obaseki, and Oliver Onyekweli. “The Future of African Oil and Gas: Positioning 

for the Energy Transition.” McKinsey & Company. McKinsey & Company, June 10, 2022. 

https://www.mckinsey.com/industries/oil-and-gas/our-insights/the-future-of-african-oil-and-gas-

positioning-for-the-energy-transition. 
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Megawatts through 104 operating reactors. “In 2013 through 2019, annual nuclear generation 

capacity and electricity generation increased each year (except in 2017) even as the number of 

operating reactors declined. Power plant uprates—modifications to increase capacity—at nuclear 

power plants have made it possible for the entire operating nuclear reactor fleet to maintain a 

relatively consistent total electricity generation capacity.”44 Nuclear power plants have met an 

averaged ~20% of U.S. electrical generation from the years 1990 to 2021. 

 

 
44 US Energy Information Administration, EIA. “U.S. Energy Information Administration - EIA - 

Independent Statistics and Analysis.” U.S. nuclear industry - U.S. Energy Information 

Administration (EIA), 2022. https://www.eia.gov/energyexplained/nuclear/us-nuclear-

industry.php. 
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It is important to note that a nuclear power plant is not just one reactor, it is the entire 

building that may contain both non-nuclear and nuclear generators. Nuclear reactors operate off a 

reaction called fission, where a U235 atom is split in half, causing a series of chain reactions 

from the speed of the nuclei's slamming into other atoms. Just for reference, a kilogram of U235 

in a nuclear reactor produces a reaction that generates 3 million times more energy than a burned 

kilogram of coal. Water or another form of coolant is used in the reactor to absorb the heat from 

those collisions, turning the coolant into steam that causes a turbine to rotate and electricity to be 

generated.  

Power grids, which handle the demand and supply for our electrical needs, are in a state 

of delicate balance. This is a direct result of variations in electrical demand throughout the day, 



   
 

 

as backup sources of power must be readily available at any time during the day to maintain the 

balance. Currently, this delicate balance for reserves and standby services is maintained by fossil 

fuels such as oil, coal, and natural gas. Nuclear power plants, however, typically run at full 

power, but can be flexible in terms of operation by responding dynamically to daily- and 

seasonal-time changes in the market prices for electricity. The constant demand for electricity 

throughout the day is known as the base load and since nuclear power plants are awfully 

expensive up front, their operating costs are exceptionally low and are extremely well suited to 

match the base load requirements. Despite this, nuclear plants, when originally built and licensed 

in the U.S. were not meant to operate in the capacity of carrying the base load.  

Today, with power grids incorporating renewable energy, flexibility is becoming an 

increasingly crucial resource since a lot of these energies are dependent on factors that change 

from day to day. “Rather than disabling a solar panel or wind turbine...[it]...makes more sense to 

operate the nuclear plant at a lower output and to absorb as much free wind or sun as possible. 

And operating nuclear plants flexibly has benefits beyond integrating renewable energy and 

reducing carbon dioxide emissions: By cutting the amount of wasted fuel, flexible operation can 

increase revenue for reactor owners, enhance system reliability, and reduce electricity costs for 

consumers.”45 Nevertheless, flexibility in nuclear power plants is not something that we can 

implement immediately, since reactors have technical and physical constraints, such as how the 

output of a reactor changes based on the irradiation cycle of the fuel used, which means electrical 

production cannot be increased or decreased instantly without causing great strain to the reactor. 

Jesse Jenkins and individuals at Argonne National Laboratory, in studying the benefits of 

 
45 Pepin, Ivy. “Keeping the Balance: How Flexible Nuclear Operation Can Help Add More Wind and Solar 

to the Grid.” Main, September 12, 2019. https://energy.mit.edu/news/keeping-the-balance-how-

flexible-nuclear-operation-can-help-add-more-wind-and-solar-to-the-grid/. 
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combining nuclear energy with renewable sources, did an experiment by modeling six nuclear 

power plants in the Southwest, whose flexibilities range from low to high. “The task was to try to 

synthesize the main physical engineering constraints limiting the ability of reactors to change 

their output on different timescales, and then translate that into the mathematical constraints that 

we use in modeling and optimization for the power system,” said Audon Botterud, who is a 

principal researcher in this experiment.46 

 

 
46 Pepin, Ivy. “Keeping the Balance: How Flexible Nuclear Operation Can Help Add More Wind and Solar 

to the Grid.” Main, September 12, 2019. https://energy.mit.edu/news/keeping-the-balance-how-

flexible-nuclear-operation-can-help-add-more-wind-and-solar-to-the-grid/. 
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Source: Pepin, Ivy. “Keeping the Balance: How Flexible Nuclear Operation Can Help Add More 

Wind and Solar to the Grid.” Main, September 12, 2019. 

https://energy.mit.edu/news/keeping-the-balance-how-flexible-nuclear-operation-can-help-

add-more-wind-and-solar-to-the-grid/. 

Without nuclear energy power plant life extensions and new projects for plants, there is a 

risk of adding almost 4 billion tons of CO2 to the atmosphere. A rising issue alongside that is the 

average age of nuclear power plants is 35 and many of these plants are approaching the end of 

their designed lifetime with a shocking 25% of nuclear infrastructure capacity to be closed by 

2025. Obviously, it is far cheaper it extend the life of a nuclear facility rather than building an 

entirely new one and while it is competitive with renewable projects, it is a substantial 

investment for electric infrastructure, as evidenced from the above graph. “The estimated cost of 

extending the operational life of 1 GW of nuclear capacity for at least 10 years ranges from $500 

million to just over $1 billion depending on the condition of the site.”47  

The IEA explores the decline of nuclear energy and labels it the “Nuclear Fade Case,” 

explaining what could happen in the next few decades: “Under this case, nuclear capacity 

operating in advanced economies would decline by two-thirds by 2040, from about 280 GW in 

2018 down to just over 90 GW in 2040. The European Union would see the largest decline with 

the share of nuclear in the generation mix falling to just 4%. The share in the United States 

would drop from to 8%, and in Japan the share would fall to 2% - well below their 2030 target of 

20-22%.”48 The implications of this case mean that either we transition significantly faster to 

 
47 Iea, Nuclear Power. “Nuclear Power in a Clean Energy System – Analysis.” IEA, May 2019. 

https://www.iea.org/reports/nuclear-power-in-a-clean-energy-system. 

48 Iea, Nuclear Power. “Nuclear Power in a Clean Energy System – Analysis.” IEA, May 2019. 

https://www.iea.org/reports/nuclear-power-in-a-clean-energy-system. 
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renewable sources or allow gas-, coal- and oil fueled plants to play an even more center staged 

role than before for meeting energy demands. Even if we are to transition faster to a renewable 

economy, with the decline of nuclear power, the cost shoots up, requiring an additional $1.6 

trillion (about $4,900 per person in the US) in investments for energy infrastructure. If we are to 

continue the path of nuclear feasibility, policies need to be put in place that allow the operation 

of nuclear facilities if safety dictates its operation. Establishing a playing field that is level and 

ensures the recognition of nuclear energy security and environmental benefits. Also, ensuring 

that when nuclear plants are re-licensed or cleared for development or building a new plant, the 

process to do so does not lead to cost increases that are not backed by safety concerns or 

requirements. “Securing investment in new nuclear plants would require more intrusive policy 

intervention given the remarkably prohibitive cost of projects and unfavorable recent experiences 

in some countries. Investment policies need to overcome financing barriers through a 

combination of long-term contracts, price guarantees and direct state investment.”49 

 
49 Iea, Nuclear Power. “Nuclear Power in a Clean Energy System – Analysis.” IEA, May 2019. 

https://www.iea.org/reports/nuclear-power-in-a-clean-energy-system. 
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Source: IEA, Wind, and solar PV generation by scenario 2019-2040, IEA, Paris 

https://www.iea.org/data-and-statistics/charts/wind-and-solar-pv-generation-by-scenario-2019-

2040 

The disasters of Chernobyl, Fukushima and the looming threat of nuclear warfare have 

drawn the world’s attention away from the benefits of nuclear plants and into a space where it 

can only be seen as a weapon of mass destruction. To dispel and get the idea that nuclear power 

plants and bombs are the same: “In a bomb...you need nearly pure fissile material, said Arjun 

Makhijani, a nuclear engineer and president of the Institute for Energy and Environmental 

Research. That is, material that can sustain such nuclear chain reactions. Most nuclear bombs are 

made up of isotopes of uranium 235 or plutonium 239...[while]...Commercial reactors have just a 

https://www.iea.org/data-and-statistics/charts/wind-and-solar-pv-generation-by-scenario-2019-2040
https://www.iea.org/data-and-statistics/charts/wind-and-solar-pv-generation-by-scenario-2019-2040


   
 

 

few percent fissile material in them, and bombs have more than 90 percent.”50 In a reactor, the 

chain reactions are controlled and slowed by the control rods, meaning that at least a single 

neutron is released from each of the fission reactions; however, in a nuclear bomb, designers go 

out of their way to make reactions produce many neutrons, creating chain reactions that are 

uncontrolled, wild, and exceptionally fast. To put it in plain terms, a nuclear power plant creates 

a controlled reaction in a controlled environment, much like a fire contained in a fire pit, while a 

nuclear bomb is much like a wildfire. That is not to say that a plant cannot have a devastating 

incident, but that there are preventative measures in place to stop that from happening.  

Fukushima was the direct result of a magnitude 7.4 earthquake followed by a 15-meter 

tsunami that bypassed the Daiichi reactors 1-3 core’s safety systems. This disaster happened on 

Friday the 11th, March 2011, at the time eleven of the reactors spread across four plants in the 

region, were shut down automatically when the earthquake started. The disaster came because of 

Fukushima reactors Daiichi 1-3. The reactors, thankfully, withstand the earthquake with power 

from backup generators that powered the RHR (residual heat removal) cooling system to eight 

out of the eleven reactors. Daiichi reactors 1-3 lost their diesel-powered generators only an hour 

after the earthquake, specifically at 3:42pm, when the tsunami hit, flooding the entire site. These 

three units lost all their backup generators and their coolant pumping systems, causing a few 

weeks to be dedicated to restoring the heat removal systems to try and achieve a cold shutdown. 

This leads the three units to be completely isolated from any kind of cooling or heat sync system 

and as this evolved into a dire system, an evacuation was ordered initially for a 2km area and 

eventually to a 20km (about 12.43 mi) zone, while engineers and other workers worked to get 

 
50 Marder, Jenny. “Nuclear Reactors and Nuclear Bombs: What Defines the Differences?” PBS. Public 

Broadcasting Service, April 6, 2011. https://www.pbs.org/newshour/science/what-is-the-

difference-between-the-nuclear-material-in-a-bomb-versus-a-reactor. 
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cooling and power systems back online. 

Source: Fukushima 

The most interesting part of this, however, was that no one was killed due to the nuclear 

emergency, but from the earthquake and tsunami. Also, in terms of residual damage, used fuel, 

which is submerged underwater for three years to dissipate heat, “...survived the earthquake, 

tsunami, and hydrogen explosions without considerable damage to the fuel, significant 

radiological release, or threat to public safety. The new cooling circuits with external heat 

exchangers for the four ponds are working well and temperatures are normal. Analysis of water 

has confirmed that most fuel rods are intact. All fuel assemblies have been removed from the 

unit 3&4 pools.”51 In terms of radioactivity leaking into the air supply, there lies uncertainty 

about specific sources and amount released to air but estimated it to be ~15% of what was 

 
51 WNA, World Nuclear Association. “Fukushima Daiichi Accident.” Fukushima Daiichi Accident - World 

Nuclear Association, 2022. https://world-nuclear.org/information-library/safety-and-

security/safety-of-plants/fukushima-daiichi-accident.aspx. 
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released at Chernobyl. The nuclear plant company Tokyo Electric Power Company, “...sprayed a 

dust-suppressing polymer resin around the plant to ensure that fallout from mid-March was not 

mobilized by wind or rain. In addition, it removed a lot of rubble with remote control front-end 

loaders, and this further reduced ambient radiation levels, halving them near unit 1.“52 On top of 

this, reactor covers were implemented a few months later to reduce radioactive particles from 

being released into the air, as well as keep rain out, and to allow amounts of radioactive release 

inside the plant using the ventilation system. Covers were put around each of the damaged 

reactor units and had hydrogen and radiation level detectors, monitoring systems and cameras, 

and pipeline systems for water injection.  

Source: WNA, World Nuclear Association. “Fukushima Daiichi Accident.” Fukushima 

Daiichi Accident - World Nuclear Association, 2022. https://world-

 
52 WNA, World Nuclear Association. “Fukushima Daiichi Accident.” Fukushima Daiichi Accident - World 

Nuclear Association, 2022. https://world-nuclear.org/information-library/safety-and-

security/safety-of-plants/fukushima-daiichi-accident.aspx. 
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nuclear.org/information-library/safety-and-security/safety-of-plants/fukushima-daiichi-

accident.aspx. 

The disaster at the Ukranian nuclear plant Chernobyl was a byproduct of a very flawed 

reactor design combined with the inadequacies of the nuclear facilities personnel. This accident 

took place in 1986, meaning that this was a Soviet/Cold War fueled consequence with no regard 

to safety implementations or regulations. On the 25th of April 1986, the personnel in charge of 

reactor 4 were preparing for an annual test to find out if there was a loss of power to the main 

electrical supply, how long would the turbines rotate and provide power to the reactors 

circulating pumps. The operator who directed the test, disabled the automatic shutdown 

mechanism and when they tried to shut down the reactor after the test, the reactor was in an 

extremely unstable state due to a power surge caused by a design flaw of the control rods 

insertion into the reactor. A remarkable amount of heat and pressure was released when the fuel 

rods met the cooling water, and this overpressure caused a part of the reactor to become 

dislodged, destroying the fuel channels and the control rods, which were only halfway down into 

the reactor, became jammed. Along with this, the steam that was released initially flooded the 

core causing an explosion in the reactor, releasing radioactive nuclear products into the 

atmosphere. A few seconds later, an explosion caused chunks and fragments of extremely hot 

graphite and materials from the fuel channels to be blasted from the reactor and start a series of 

fires, which is where much of the radiation came from. “The accident caused the largest 

uncontrolled radioactive release into the environment ever recorded for any civilian operation, 

and copious quantities of radioactive substances were released into the air for about 10 days 

https://world-nuclear.org/information-library/safety-and-security/safety-of-plants/fukushima-daiichi-accident.aspx
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(about 1 and a half weeks). This caused serious social and economic disruption for large 

populations in Belarus, Russia, and Ukraine.”53  

There is still part of the Chernobyl core left at the site, deemed the “Elephant’s foot,” this 

is the superheated nuclear fuel core that melted through the floor, collecting concrete and metal 

on its way through the floor of the reactor. In 1986, this molten radioactive core would have 

killed you in a measly 30 seconds and today, due to radioactive decay, it takes around 300 

seconds (about 5 minutes). Exposure to this can cause cancer, radiation sickness and even distort 

camera images of it due to the sheer amount of radiation coming off it. 

 

Source: McVean, Ada. “The Elephants Foot of Chernobyl.” Office for Science and Society, June 

20, 2019. https://www.mcgill.ca/oss/article/did-you-know/there-radioactive-elephants-foot-

slowly-burning-hole-ground. 

In 2022 Russia invaded the exclusion zone around Chernobyl and proceeded to either 

loot or destroy Chernobyl’s labs. Chernobyl is still an extremely dangerous and volatile site in 

 
53 WNA, World Nuclear Association. “Chernobyl Accident 1986.” Chernobyl | Chernobyl Accident | 

Chernobyl Disaster - World Nuclear Association, April 2022. https://world-

nuclear.org/information-library/safety-and-security/safety-of-plants/chernobyl-accident.aspx. 
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terms of Elephant’s Foot and stored used fuel, as these are the most radioactively concentrated 

parts of the plant. Damage to these cooling and contained radioactive sources could cause an 

environmental disaster not just in Ukraine, but in a substantial portion of the EU. This 

occupation started on February 24, 2022, and ended on March 31st, 2022, where a potential 

nuclear disaster was averted, but the Russian’s destroyed any chance of us gathering reliable data 

about Chernobyl. “The enormous nuclear station in Chernobyl no longer produces power, but 

before the invasion nearly 6,000 workers still monitored the lasting effects of the disastrous 

meltdown more than three decades ago, as well as processing spent nuclear fuel from other 

plants in Ukraine and Europe.”54  The station’s stored data and equipment was either riddled with 

bullets, destroyed, or stolen by Russian troops before pulling out, amounting to damage costing 

more than $135 million and that is just in equipment or hardware. The real damage comes from 

the lost data, where monitoring radioactivity across the Chernobyl exclusion zone is now 

impossible because the custom-made software for the station is irreplaceable. The director of 

Chernobyl’s Central Analytical Lab, Mykola Bespaly says, “Now it is not possible to provide 

reliable information, whether the equipment is in working condition or not, because there is no 

software...The Russians will not be able to use it because the software is unique, made specially 

for our devices."55 Chernobyl was a disaster in 1986, now in 2022 we see Russia threaten to 

make Ukraine and potentially part of the EU relive this disaster. The USSR’s operation of the 

 
54 Bearak, Max, and Serhiy Morgunov. “In Chernobyl's Delicate Nuclear Labs, Russians Looted Safety 

Systems.” The Washington Post. WP Company, June 2, 2022. 

https://www.washingtonpost.com/world/2022/06/02/ukraine-chernobyl-damage-done-by-

russians/. 
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plant and Russia’s occupation demonstrates to us that nuclear energy can be a dangerous energy 

source when handled with this level of carelessness and political aggression. This plant’s loosely 

regulated operation in 1986 is something that should never have happened, let alone Russia’s 

occupation in 2022, and can further reinforce to the world that nuclear policies and facilities are 

actively fighting against anything that can make a modern Chernobyl. Nuclear energy can be a 

huge part of our cleaner future, but we need to continue to implement multilateral policies that 

prevent and respond effectively to autocratic leaders and international “bad actors” who are 

taking advantage of these disasters and/or use energy infrastructure as a part of their terrorism.  

Access to energy, whether it be renewable or not, is a basic right for citizens of every 

country. In today's economic and societal climate, energy is needed to power and access most 

resources needed to live such as waste irrigation or basic heating and cooling systems. Russia 

attacking Ukraine's energy infrastructure since the start of the invasion has been a revelation for 

how serious lacking basic energy needs can lead to catastrophic consequences. Russia’s 

bombardment of civilian infrastructure targets is threatening to leave enormous Ukrainian 

populations without basic services for the coming winter. “Civilians and infrastructure have been 

targets since the start of the invasion, but Russia has sharply increased long-range strikes deep 

into Ukraine, focusing on vital utility networks whose collapse would yield a new kind of 

humanitarian disaster there."56 Since October 10th, Russia has successfully destroyed 30% of 

Ukraine’s infrastructure, forcing the country to conserve energy and water resources. “In parts of 

Kyiv, the capital, the authorities warned people not to drink tap water, which was running cloudy 

after it was compromised by airstrikes on Monday. In another neighborhood, a field kitchen was 

 
56 Specia, Megan, and Andrew E. Kramer. “Russian Barrage Targets Power, Water and Heat for Ukraine's 

Civilians.” The New York Times. The New York Times, October 18, 2022. 
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set up to provide food for those without water or electricity. People lined up at stores to fill 

bottles with fresh water, and electricity suppliers warned that the city would continue to 

experience blackouts while repairs were underway."57 In other parts of the country electricity is 

shut off during the hours between 9am and 6pm to try and save energy and in Zhytomyr, public 

transportation, specifically electric trams, and trolleys, were powered off because there wasn’t 

enough power.  

As if holding Chernobyl hostage wasn’t enough, Russia in early August set out to take 

over and control the nuclear power station Zaporizhzhia with shelling, which is one of the largest 

facilities in the world. “Each of these reactors has an original design output of 950 MW, meaning 

they produce a significant amount of energy. Nuclear power provided 55 per cent of Ukraine’s 

electricity in 2021, from 15 reactors at four different power stations.”58 Prior to the invasion, 

Ukraine had plans to disconnect its power and electric ties with Russia and sync up with the EU. 

This project was expected to be finished in one year's time, starting on February 24th, but ended 

up finishing in just two weeks on March 16th. This means this power plant provides an enormous 

amount of power, not just in Ukraine but across Europe as well and any subsequent damage or 

shutdown of the plant could have disastrous effects on surrounding areas. In terms of 

radioactive/physical damage, "If coolant is lost from the ponds, either by a direct hit which 

breaches containment structures or by a meltdown of the core due to losses of power, the stored 

fuel will heat up. If the temperature rises above around 900 degrees Celsius, the cladding around 
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the zirconium cladding will ignite, leading to the spreading of radioactive material.”59 However, 

since these reactors are moderated by water and not graphite, a single reactor meltdown would be 

nowhere as bad as Chernobyl but be more on the scale of Fukushima. This is not to downplay the 

effects as if there was a meltdown, radioactive debris would find its way due to wind patterns 

into Russia, most of the EU and even possibly North Africa. In terms of Ukraine, the 

surrounding area would be a radioactive zone, contaminating local vital water supplies, 

impacting agriculture, and drinking supplies, as well as disconnecting 15% of Ukraine’s power 

supply just at the onset of winter.  

However, the concern around Zaporizhzhia is Russia’s shelling of it, specifically if a 

deep-penetrating missile finds its way into the plant and lights off a 6-reactor meltdown. This 

scale is enormous and could cause 2-3x as much damage as Chernobyl, leaving devastation 

across Europe. On November 3rd, Zaporizhzhia was shelled again by Russia, causing it to be 

disconnected from Ukraine’s power grid and Russia claimed it would attempt to repair the liens 

and connect it to Russia‘s power grid to restore power.60 The power lines connecting this plant to 

the gris were damaged, causing the plant to rely on diesel generators, which are only good for 

short-term power and the plant needs long term energy solutions to keep core temperature 

steady. This isn’t the first time Russia has forced a shutdown of the plant, forcing rolling 

blackouts to occur, as well as further water supply cuts. These are just a few of countless 

examples of this kind of geopolitical terrorism by Russia and easily demonstrates how much 
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control energy infrastructure has over our lives and the global economy. It is not just nuclear 

infrastructure that is a risk for countries, it is all kinds of energy infrastructure that can leave 

counties vulnerable. It is an easy target and a target that should not be held hostage - the same as 

hospitals or schools should not be targets of military action. Russia has blatantly ignored the 

world‘s request to leave the civilian population out of the war and continues to commit war 

crimes, as well as terrorize civilian infrastructure, cutting off basic needs in an attempt to 

establish dominance. It is a ruthless and heartless action to attack non-combatant infrastructures 

in hopes of forcing a country's hand and Russia needs to be held accountable for this level of 

terrorism.  

While Fukushima and Chernobyl were nuclear disasters and emergencies, one being 

because of exceptional natural disasters and the other untrained nuclear operators, they were 

outliers. Fukushima itself could have been significantly worse, if not for the automatic 

shutdowns, evacuations, and tireless efforts of workers to get the plant’s power back up and 

running. Chernobyl did not have any safety regulations when it came to the plant or adequate 

failsafe systems to prevent that kind of disaster. Today’s nuclear facilities follow safety to the 

teeth and have incredible failsafe systems in place to prevent anything like this from happening. 

That is not to say nothing can happen, as with any kind of industry, nothing is risk-free. The idea, 

however, is that whenever an injury or accident happens, there becomes a large progressive step 

in improving safety and preventative measures are taken to decrease the likelihood of it 

happening again. These innovative designs usually come in the form of new plants or 

upgrades/extensions to existing plants and if we look at the lifetime of nuclear power plants, we 

can conclude that their uptime is due to a significant investment in safety and system upgrades. 

“The US Nuclear Regulatory Commission (NRC) specifies that reactor designs must meet a 

theoretical 1 in 10,000-year core damage frequency, but modern designs exceed this. US utility 



   
 

 

requirements are 1 in 100,000 years, the best currently operating plants are about 1 in one million 

and those likely to be built in the next decade are almost 1 in 10 million. While this calculated 

core damage frequency has been one of the main metrics to assess reactor safety, European 

safety authorities prefer a deterministic approach, focusing on actual provision of back-up 

hardware, though they also undertake probabilistic safety analysis (PSA) for core damage 

frequency, and require a 1 in 1 million core damage frequency for new designs.”61 Core damage 

frequency refers to the chance that the fuel rods would be severely damaged, leading to a 

dangerous situation in which adequate heat removal or a safe shutdown would be either difficult 

or not possible. As you can see, there are extensive safety regulations in place to reduce risks and 

create safe working, as well as living environments for and around the nuclear power plant. “It 

has long been asserted that nuclear reactor accidents are the epitome of low-probability but high-

consequence risks. Understandably some people were disinclined to accept the risk, however low 

the probability. However, the physics and chemistry of a reactor core, coupled with but not 

depending on the engineering, mean that the consequences of an accident are in fact much less 

severe than those from other industrial and energy sources."62 

Fusion, a theoretically inexhaustible fuel with an enormous power density, could provide 

enough energy with no cost to the environment to address climate change itself. It is the grand 

energy challenge of the past 2 centuries and while there is no scientific knowledge roadblock, we 

are limited by the sheer complexity and size of facilities needed to achieve it. Fusion is quite 
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common in the universe itself, as stars themselves are powered by fusion reactions in their core, 

where hydrogen nuclei are fused together at extreme temperatures to create helium. “Normally, 

fusion is not possible because the strongly repulsive electrostatic forces between the positively 

charged nuclei prevent them from getting close enough together to collide and for fusion to 

occur. However, if the conditions are such that the nuclei can overcome the electrostatic forces to 

the extent that they can come within a remarkably close range of each other, then the attractive 

nuclear force (which binds protons and neutrons together in atomic nuclei) between the nuclei 

will outweigh the repulsive (electrostatic) force, allowing the nuclei to fuse together. Such 

conditions can occur when the temperature increases, causing the ions to move faster and 

eventually reach speeds high enough to bring the ions close enough together. The nuclei can then 

fuse, causing a release of energy.”63 Since the Sun is so massive and therefore has an incredible 

gravitation force, it can push against the pressure that the fusion reaction is giving off, creating a 

stable environment for fusion to occur continuously; however, on Earth, we must heat these 

isotopes to 50,000,000° C, while also applying extreme pressure to keep the reaction stable.  

With the current state of our technology, the two isotopes of hydrogen that we use are 

Tritium and Deuterium. You do not need to know much about the element itself, other than that 

the reaction with these two isotopes releases more than four times the energy that our current 

fission reactions can produce. “Deuterium occurs naturally in seawater (30 grams per cubic 

meter), which makes it very abundant relative to other energy resources. Tritium occurs naturally 

only in trace quantities (produced by cosmic rays) and is radioactive, with a half-life of around 

12 years. Usable quantities can be made in a conventional nuclear reactor, or in the present 
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context, bred in a fusion system from lithium. Lithium is found in large quantities (30 parts per 

million) in the Earth's crust and in weaker concentrations in the sea.”64 The whole idea behind 

the nuclear fusion reactor would be to absorb the neutrons created from the deuterium-tritium 

reaction into a lithium blanket that surrounds the reactor’s core and transform that lithium in 

tritium to be used as more fuel. Also, all the heat that is generated from the lithium blanket being 

heated by the absorbing of the neutrons, would in turn be used to generate electricity by more 

traditional methods. A hurdle to this type of reaction is creating a device that can create the right 

temperatures and contain it long enough for more energy to be created than is used to facilitate 

the reaction. Along with this, fusion reactions also encounter the hurdle of applying the produced 

heat to generating electricity. “The energy density of fusion reactions in gas is very much less 

than for fission reactions in solid fuel, and as noted the heat yield per reaction is 70 times less. 

Hence thermonuclear fusion will always have a much lower power density than nuclear fission, 

which means that any fusion reactor needs to be larger and therefore more costly, than a fission 
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reactor of the same power output."65 

 

To solve these problems, two approaches are being taken: inertial confinement and 

magnetic confinement. Inertial confinement, which is the newer of the two, uses ion or laser 

beams to heat the surface of a deuterium-tritium fuel pellet, causing an explosion of the outer 

layer. This explosion generates an implosion that raises the temperature of the inner layers and 

compresses the material to create an environment where nuclear fusion can happen. Magnetic 

confinement uses “... hundreds of cubic meters of D-T plasma at a density of less than a 

milligram per cubic meter is confined by a magnetic field at a few atmospheres pressure and 
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heated to fusion temperature. Magnetic fields are ideal for confining plasma because the 

electrical charges on the separated ions and electrons mean that they follow the magnetic field 

lines. The aim is to prevent the particles from encountering the reactor walls as this will dissipate 

their heat and slow them down. The most effective magnetic configuration is toroidal, shaped 

like a doughnut, in which the magnetic field is curved around to form a closed loop."66 Tokamak, 

a type of toroidal system, is the fusion reaction that has shown the most initiative and promise in 

the past year. 

The Biden administration’s Inflation Reduction Act is actively pumping funding into 

overcoming these hurdles and figuring out ways to properly deploy this kind of reaction. 

December 2021 a company developed through MIT; Commonwealth Fusion Systems created a 

fusion system that allows it to produce more energy than it takes to start the reaction. 

Commonwealth Fusion Systems were able to raise $1.8 billion (about $6 per person in the US) 

and “With the cash, the company is building a facility in Devens, Mass., to build and house a 

full-scale model of the machine, called SPARC, which is slated to be fully operational by 2025. 

If that model can achieve net energy, the company plans to build a fusion power plant by the 

early 2030s, which could plug into the energy grid and begin providing power to homes.”67 They 

were able to achieve this kind of system by implementing special superconductors that produce a 

stronger magnetic field in a much smaller space. It is important to note that SPARC is a testbed 

for this kind of reactor and upon, hopefully, the validity of this reactor, ARC will be constructed, 
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which is the full-sized nuclear fusion plant. MIT’s Plasma Science and Fusion Center’s deputy 

director Martin Greenwald describes the process as not overcoming a huge scientific feat, but 

rather, “the niche that we were filling was to use conventional plasma physics, and conventional 

tokamak designs and engineering, but bring to it this new magnet technology. So, we weren’t 

requiring innovation in a half-dozen different areas. We would just innovate on the magnet, and 

then apply the knowledge base of what has been learned over the last decades."68  

 

This type of reactor is called a tokamak, which is a type of toroidal system, in which 

“...the toroidal field is created by a series of coils evenly spaced around the torus-shaped reactor, 

and the poloidal field is created by a system of horizontal coils outside the toroidal magnet 
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structure. A strong electric current is induced in the plasma using a central solenoid, and this 

induced current also contributes to the poloidal field.”69 A poloidal field is a perpendicular field 

component that has been superimposed upon the toroidal field. Tokamak Energy, a private 

company in the UK, is also developing a tokamak reactor and hopes to be commercialized by 

2030. They are currently researching and developing HTS magnet technology and spherical 

tokamaks. Their design of a spherical tokamak reactor is thought to contain plasma more 

efficiently and when combined with HTS magnets, which create stronger magnetic fields than 

traditional superconductors while also taking up significantly less space, they can provide a very 

cost-effective route to fusion energy on a smaller scale.70 

Nuclear fusion energy can reduce or clear the environmental impacts of fossil fuel 

alternatives. Both fission and fusion plants generate clean electricity that does not add to the 

greenhouse effect or produce acid rain, as well as satisfy the world’s growing energy demands. It 

is intrinsically impossible for any malfunction or nuclear reaction to happen randomly and 

wildly. This kind of damage or malfunction would result in an immediate shutdown of the plant. 

However, with a nuclear fusion reaction, there is a byproduct of radioactive waste due to the 

activation of materials during the reaction. This waste would be short to medium term problems 

and correspond to the amount of waste fission reactors give off. The long-term radioactivity of 

the waste from reactions would be significantly lower than that of fission byproducts and could 

be handled in a remarkably analogous manner. Tritium is also a concern since it is an 

exceedingly difficult isotope to contain since it can penetrate rubber, certain grades of steel and 

concrete. Since it is a derivative of hydrogen, it can easily penetrate water, making water 
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supplies radioactive and while only a small amount is used in reactions, routine leaks or other 

issues could produce significant quantities. Tritium, after it is created, remains a threat for 

approximately 125 years, either in its gas or liquid form and can be absorbed through skin, 

ingested, or inhaled. This is a huge reason deuterium-deuterium reactions are being sought out in 

the long term, but this kind of reaction requires higher temperatures than deuterium-tritium 

reactions; therefore, it is not sought out for immediate fusion use since we are still trying to make 

a lower temperature D-T reaction a reality.  

Climate concerns and rising energy demands globally require an immediate shift in the 

ways energy is produced and commercially farmed including significant economic and policy 

changes in industrialized and developing nations and multilaterally. Fossil fuels reliance must be 

phased out in the short term. Continued reliance, both economically and energetically, is 

undeniably causing cascading negative effects on our environment, health, and our socio-

economic systems. Transitioning into using cleaner and renewable sources, such as the sun, wind 

or nuclear, and in the way we model our globalized economy is clearly the only viable solution 

for a sustainable future. While there is existing infrastructure for a clean energy transition, 

challenges remain - much of it is underdeveloped or not funded properly or simply lacks the 

infrastructure to support it and will take time to implement; in these scenarios, nuclear fission 

can provide relief to a remodeling of our energy infrastructure. Nuclear energy infrastructure 

already exists and plants that are closed or are slated to be shut down, can be reopened or 

recommissioned through incentive or relief programs, allowing them to become operational 

again, with all the safety regulations met. This is vital in allowing breathing room for renewable 

infrastructure to be installed, as the nuclear plants can provide long term energy supply without 

the cost to the environment or to human health. Existing nuclear plants are essential for 

providing energy during the energy transition and can help policymakers focus on opportunities 



   
 

 

for energy revitalization including communities that have suffered environmental racism and 

continue to suffer due to illnesses related to the mining, refining, and burning of fossil fuels, as 

well as providing energy relief from international conflict and supply chain disruptions. Nuclear 

fusion as a successor to the fossil fuel industry is a promising technology, but it cannot provide 

an immediate solution to the energy and environmental crises we are facing. While nuclear 

fusion has the potential to solve all our energy needs and provide large scale clean energy, 

fission is a critical steppingstone for the immediate future.  
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