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Abstract 
 
The threats of climate change and energy shortage are imminent, and ones that 
mankind will have to confront in order to ensure the survival of our species. This 
project examines alternative technologies that have the potential to aid in finding a 
solution to these issues. It provides an in depth look into lesser known technologies 
that are being developed into alternative energy resources, bringing to light how 
essential the completion of the development of these resources are to humanity’s 
survival.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



2 

Executive Summary  
 
All over the world, people rely on energy in all aspects of everyday life. From waking up 

to the sound of an alarm clock, turning on the lights, and driving to work, life is truly powered by 
energy. The issue however, is that the demands of humanity’s current lifestyle are too great for 
the resources powering it. All arguments about when aside, the world is going into an energy 
crisis, and something must be done to save the planet. If the planet is not saved, then humans will 
be the next ones who need saving. 

Throughout this paper, different ‘out of the box’ energy resources are explored. More 
typically thought of reusable resources are mentioned, and the purpose of this paper is not to 
downplay the possibility of these current reusable resources, as they will play a big part in earth's 
journey to clean energy. These modern reusable resources, such as solar panels on earth and 
wind energy, have constraints that require more outside thinking in order to achieve complete 
world renewable energy usage. The purpose however, it to explore the potential of more 
futuristic solutions to the energy crisis.  

The energy crisis may seem far off, as humans are making strides in other ways towards a 
greener earth, in such cases as electric cars. This paper however, analyzes the fact that these 
strides may not be going as far as what energy reports may be telling us. For example, the car 
may produce zero emissions, but to power the car behind the plug, is a power plant emitting tons 
of greenhouse gases through the burning of fossil fuels. These steps to a greener future are not 
large enough, and futuristic ideas must be brought to the forefront for the success of energy in 
generations to come.  

Three main types of energy sources are expanded upon within the paper, and examined 
more closely in terms of their capabilities for a greener future. Tidal energy, installing solar 
mirrors in space, and fusion reactors are all viable and very possible resources for the future. 
Although they are not currently in high use, or in some cases, have the technology fully 
developed, they do have the potential to produce energy around the more modern renewable 
energy resource constraints. For example, although it may seem like a far fetched idea, tidal 
energy is already an energy source used in a few places around the world. Installing mirrors in 
the sky may seem beyond possibility, however millions of dollars are being invested into teams 
who have already made technical steps towards achievement. Fusion reactors and their immense 
capabilities have been explored upon for years, bringing attention to the fact they could be a 
large part of humanity’s answer to a near approaching crisis. Superconductivity is also 
extrapolated upon, and although it may not be a resource itself, it is an important piece of the 
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green energy puzzle. These technological advances require open thinking to the fact that there is 
more to alternative energy solutions than what is currently in place. 
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Introduction 
 

To some the energy crisis just means higher gas prices and a higher electric bill. This 
crisis however, would affect every single person on the earth, in more ways than just financially. 
Picture a world where every night is dark, with no lights to comfort people in their homes. Roads 
would be useless as there would be no gas to power any cars. Finally, picture no grocery stores 
as there would be no energy to support an ever growing populations need for agriculture. 
Although this future seems dark and scary, it is a possibility if alternative energy sources are not 
explored and implemented.  

This paper explores the potential of alternative energy resources, as well as exploring the 
necessity of them. The reasoning behind all of this is that the energy crisis is quickly 
approaching, and something must be done. The world is running out of oil, and even if a solution 
is found here on earth to slow the process, future generations will still be left with the task to 
solve the energy crisis when the oil finally runs out. Humans’ reliance on fossil fuel driven 
energy forces must, and will come to an end. There are alternative sources out there, it is 
humanity’s job to think bigger and explore the possibilities these sources have to offer. This 
issue is the driving force behind the need to find other sources of energy, some being beyond the 
earth's atmosphere.  

The main goal of this project is very similar to the goal I have for myself through my 
career. Although the goal is to explore other resources and hopefully take people a step further in 
understanding the need for environmental change, the main point and mission is to encourage 
outside of the box thinking. This sort of thinking is what drives change in whatever problem, 
circumstance, or part of life that one may encounter. Just like the issue of the energy crisis, there 
is no single one straightforward solution to any real world problem, which is precisely what this 
paper is about. The issue of the energy crisis and the need for multiple alternative energy sources 
is the main force behind this paper, but the main takeaway is that no way of thinking may be too 
far, ‘outside of this world’. 

As an aspiring engineer, my entire career will basically be a lifetime of problems that all 
have no one straightforward answer. These engineering problems through my life will all require 
the same way of thinking that the solution of the energy crisis, and this paper, have. There are no 
ideas too crazy, or too strange to ever consider. Sometimes the craziest one, may result in the 
best solution. This lesson learned from this paper and the approach to solving the energy crisis, is 
the same lesson that will bring success to my career.  
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Chapter 1:  Fossil Fuels & ExxonMobils Energy Outlook 
 
Summary of ExxonMobil Energy Outlook 
 
In the ExxonMobil Energy outlook report, predictions 
about future energy supply and demand are made based 
on past and current trends. The energy outlook is 
broken down into four categories: Fundamentals, 
Demand, Emissions, and Supply. These four categories 
are then expanded further into subcategories based on 
types of energy as well as countries. All predictions are 
made out to the year 2040, and include evidence from 
past trends in addition to future policies based on 
current standards.  

Throughout the entire report, the main theme is 
that energy supply and demand will increase due to the 
predicted expansion of the middle class. Based on 
current trends, the world population by 2040 will be 
upward of 9.1 billion. This includes a growing middle 
class that includes a whopping 5 billion people, which 
is a 1.2 billion increase from the current 3.8 billion in 
the middle class [2] (Kharas et Hamel, 2018). The 
accelerated growth of the middle class is explained in the report by a global increase 
in living conditions and economic growth in current countries where the middle class 
is currently much smaller but has large populations, such as India. This accelerated 
growth within the middle class is represented by Graph 1.4, showing that China and 
India will lead the globe with the largest increase. With a much larger middle class than present 
day totals, energy demand will increase in multiple ways. The first way being a larger need for 
transportation, especially with economic advancement allowing more people to own cars. 
According to the Energy Outlook, the need for transportation is predicted to increase by twenty 
five percent. In addition, the global miles traveled will increase sixty percent to 14 trillion miles. 
Marine and aviation travel will also increase, in addition to the increase in commercial travel. 
This will cause an increase in the demand for oil, however the increase in efficiency of 
transportation will cause the actual amount of oil used to plateau. ExxonMobil reports that 
advancing technology will cause an increase in miles per gallon, reaching fifty miles per gallon 
by 2040. This technology is associated with the design of more efficient engines and body 
design. By 2040, oil is estimated to still be used for ninety five percent of transportation needs, 
with little increase in electric and hybrid cars. Electric cars will only account for ten percent of 
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vehicle sales. It should be mentioned however, that many hybrid features are predicted to be 
incorporated into standard gas powered cars.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
Along with 

transportation, 
ExxonMobil explores the residential and commercial energy demands predicted through 2040. 
The report states that the commercial energy demand will increase by twenty five percent, with 
Africa and China accounting for thirty percent of this demand. Due to the increase in middle 
class, the demand for residential energy is estimated to increase seventy percent. Although the 
demand for energy will increase, other sources of energy such as renewable sources are predicted 
to be implemented, with twenty five percent of the global energy supply estimated to be 
renewable. This includes not only residential energy consumption, but industrial energy 
consumption as well, which based on trend makes up almost half of the world's energy usage. In 
terms of past trends, industrial and commercials trends are similar. However, with the large 
increase in the middle class and a high economic growth predicted, the two increase at different 
rates. Graph 1.7 shows the types of energy generated by each major country, with coal being a 
major contributor. With the increase of CO2 emissions predicted, the burning of coal is not a 
viable option in terms of health for the planet and our primary sources of energy must be 
changed.  

The report goes further into energy by exploring the supply of energy in addition to the 
emissions produced globally. ExxonMobil predicts that emissions will peak in 2030, but then 
begin to decline by 2040. The idea is put forward that some countries want to put a price on CO2 
emissions, forcing people to be more aware and thus reducing them. This would especially be 
helpful because mileage is the largest cause of CO2 emissions, and is estimated to remain the 
largest cost going into the year 2040. In terms of supply, the report predicts that by 2040, the 
demand for nuclear energy will double. This demand will result in nuclear and renewable energy 
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making up approximately twenty five percent of the global energy supply. As mentioned earlier, 
natural gas demand will increase the most due to the increase of the middle class, however, even 
with all policies in place oil will still remain the number one source of energy. As ExxonMobil 
estimates, a staggering $450 billion will need to be invested in order to meet the global oil 
demand.  
 
 
Critiques of ExxonMobil's Outlook 
  
(1)There is not as much oil as the energy projection insinuates there is.  
 
Throughout ExxonMobil's report, oil is 
consistently mentioned as still being a 
commonly used resource in the year 2040. As 
mentioned in the report’s summary, renewable 
energy is predicted to only make up about 
twenty five percent of the world’s energy. 
Although this is the correct direction the world 
must go in, the report fails to examine the fact 
that this switch to renewable energy is much 
too slow. According to the oil company BP, 
oil prices have gone from $47.73 a barrel in 
2016, to $51.49 (BP, 2018). This is an 
indication of the fact that oil is running out. 
According to BP, there is approximately 53.3 
years left where oil can meet the needs at 
current production [3] (BP, 2018). Based on 
this analysis, oil is calculated to run out by 
2071, thirty years after ExxonMobil's 
predictions. Based on these predictions, the world would have to switch over seventy 
five percent of the world's energy to renewable sources in just thirty years. This task 
seems borderline impossible, indicating that something must be done now. Whether this 
prediction is accurate with future trends or not, it still shows that change must happen, and it 
must happen fast. However frightening it may be, this scary reality indicates how much of a 
problem the lack of oil is, and even more important, how much of a problem our current reliance 
on oil is. 
 
 As shown in Graph 1.2, the energy demand still almost entirely depends on oil in terms of 
transportation, as well as industrial demand. This is not feasible with the amount of oil we have 
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left, and although the amount of oil required to meet demand of residential and electricity 
generation is less than industrial, there is still not 
enough oil to meet the demands of 9.1 billion people in 
2040. This is further shown by Graph 1.5, as oil is still 
the primary source of energy. In order for the human 
race to continue, renewable resources must increase to 
being the number one source of energy. As earlier 
indicated by BP, there is not enough oil to support the 
human population for much longer.  
 
(2) Electric Cars are not necessarily the answer, but 
something must be done with more cars on the 
road.  
 
ExxonMobil’s report offers an optimistic view on the 
growth of the middle class. Although this is seemingly 
positive because of better living conditions for more 
people, it will also bring about more cars on the road. 
More middle class families catalyzes a greater 
economic ability to purchase cars and SUVs. What the 

report fails to go into is how detrimental this could be. More cars on the road 
means more emissions of CO2 gases, speeding up the damage we are already doing to our planet. 
According to the Union of Concerned Scientists, “Our personal vehicles are a major cause of 
global warming. Collectively, cars and trucks account for nearly one-fifth of all US emissions, 
emitting around 24 pounds of carbon dioxide and other global-warming gases for every gallon of 
gas. About five pounds comes from the extraction, production, and delivery of the fuel, while the 
great bulk of heat-trapping emissions—more than 19 pounds per gallon—comes right out of a 
car’s tailpipe” [5] (UCSUSA, 2019). Because cars are one of the major contributors to climate 
change, an increase in cars on the road will cause more damage to the Earth, in a shorter amount 
of time.  
 
The ExxonMobil report mentions the increase in more energy efficient features added to hybrid 
cars, as well as the increase of electric cars on the road. In theory, this is a good idea because the 
electric cars themselves do not have any emissions. However, plugging that electric car in has a 
cost because the electricity must come from somewhere. An article by the Scientific American 
points out that in order to power that electric car, coal is usually the primary source of electricity 
for recharging a car’s battery  [6] (Scientific American, 2016). Although one may not see it, 
behind that plugged in cord is a factory emitting tons of CO2 emissions into the atmosphere. 
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There are other options of energy to power the electric car, such as using solar panels to create 
energy to be used to charge the batter.  
 
 

 
 
 
 
However, according to a company called GreenMatch, commercial solar panels that are priced 
for the average person to buy are currently only efficient enough to process about 22% of the 
sun’s rays [7] (GreenMatch, 2019). This is not enough efficiency, thus not making it an option at 
current technological rates. These advances must be made at a faster rate, or else humans will run 
out of non-renewable resources and time.  
 
As can be seen in Graph 1.3, global transportation grows by about twenty five percent by 2040 
[1] (ExxonMobil, 2017). Heavy duty vehicles increase the most, with heavy duty vehicle being 
defined as eighteen wheelers and other large trucks mainly used for the transportation of goods. 
Light duty vehicles increase the second most, this being defined as personal cars, pick up trucks, 
and SUVs. The ExxonMobil report relates the eventual plateau and decline of personal vehicles 
to the increase of more efficient electric and hybrid cars. The issues with this being that this 
decline happens far too late as the world does not have enough oil to sustain this. The other issue 
being that these electric cars, although more efficient, still cause emissions indirectly through the 
burning of coal to create electricity to recharge cars’ batteries. Hybrid cars are also a better 
option, and a more realistic direction at the current transition rate from standard gasoline 



12 

powered cars. However, hybrid cars still rely on gasoline, thus not being a realistic option around 
the year 2070.  
 
 

 
 
 
(3) A population of 9.1 billion is not just a number.  
 
Within ExxonMobil's predictions is the concept that by the year 2040, there will be 9.1 billion 
people on Earth. According to the Australian Academy for Science, most studies report that the 
Earth only holds the ability to support 8 billion people [8] (Australian Academy for Science, 
2019).  
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This requires more than twenty five percent of the energy being used in 2040 to be renewable as 
ExxonMobil states. There is not enough oil, coal, and even natural gas to go around for 
everyone. With the rate we are going, we will not get where we need to be to support 9.1 billion 
people by 2040. Although they mention the population, ExxonMobil does not remotely indicate 
that this population growth will cause extreme overpopulation. Further, a majority of the world 
population will be at an age to drive, in addition to making up the bulk of the middle class. As a 
representation, Graph 1.1 shows the shift in demographics across major countries in addition to 
the rest of the world. This shows the majority of the world being within the age to work (ages 
15-64), thus putting even further stress on what percent of the world population will be on the 
road, increasing the amount of CO2 emissions. The graph comes from the ExxonMobil energy 
outlook report.  
 
Related to population is the fact that an increase in population will cause an increase in 
emissions. ExxonMobil reports both the population increase in addition to the increase of 
emissions, however they do not mention the relation between the two. For example, Graph 1.6 
shows CO2 emissions peaking in the year 2040, a drastic increase from the year 2000. The 
largest increase comes from China and the other group categorized as the “Asia Pacific”, which 
includes India. It is not a coincidence that these two countries are within the largest increase of 
both emissions as well as middle class. According to the UCS, China currently produces 9040 
million metric tons of CO2 emissions [9] (UCSUSA, 2015). An increase from this will cause 
major damage to our earth, more than is already being done. The problem of running out of oil 
and energy aside, this sort of CO2 emission threatens the health of humans all over the world.  
 
Graphical Analysis & Summary 

 
(Graph 1.8) This graph shows the projected increase of personal vehicles. China and Indonesia 
have the largest increase which can be associated with the increase in middle class. India has the 
largest increase in motorcycles. As the earlier projections indicate, these vehicles still rely on 
gasoline and thus oil. ExxonMobil does not indicate the unrealisticness of this, and the transition 
must be made to more efficient cars in terms of CO2 emissions, and energy to power.  
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(Graph 1.9) As indicated, the average miles per gallon will increase which is a positive trend. 
However, there is not enough oil in the long run to keep gasoline powered cars. Keeping 2070 as 
a rough deadline of when demands for oil will not be able to be met, the focus must be switched 
from miles per gallon to other sources of fuel.  
 
(Graph 2.0) In terms of supply as seen in Graph 2.0, oil remains the primary source of energy, 
followed by gas, and then coal according to ExxonMobil. Based on BPs calculation of 53.3 years 
left of oil, this is not a possible supply. Purely based on calculation and following trend, 
ExxonMobil is correct in their statements about the supply increase to meet the demand. 
However, with the quickly depleting source and increase in population, this is not a possibility.  
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Chapter 2: Tidal and Current Energy 
 
Introduction To Tides and Ocean Currents 
 

Ocean tides are often a predictable phenomenon in nature that occur in varying degrees 
all over the world. The tides are a product of the forces beyond the earth, that the sun and the 
moon create. As the earth spins and the general location of the moon changes, the gravitational 
forces generated by the moon cause the ocean waves to shift. This is broken down into two 
different instances, low tide and high tide. During high tide, the moon is either at its closest or 
furthest point from the earth, causing the ocean waves to land further up on shore. This instance 
is also known as a tidal bulge, and is due to less or more gravity in effect than the center of the 
earth [10] (U.S. Department of Commerce, 2013). Low tide occurs at either side of the earth in 
between the least and most amount of gravity. In terms of a twenty four hour day, there are two 
high tides and two low tides [10] (U.S. Department of Commerce, 2013). This shift in height that 
the changing of tides generates is the main focus of tidal energy. 
 

 
 
 
 
 
 
 
 
 
 

 
 
Ocean Currents are not always as predictable as the tides, and are often caused by 

different factors. These factors include: wind, the movement of the tides, and the different 
circulation that occurs at varying depths of the ocean. The surface currents, for example, are a 
result of the wind. In general the Northern Hemisphere contains clockwise currents, while in the 
Southern Hemisphere contains counterclockwise currents. These currents can often be predicted 
as being at a forty five degree angle to the direction of the wind [11] (Lerner et al, 2014). 
Currents can also be created due to “density differences in water masses caused by temperature 
and salinity vartionations”, thus changing the circulation at which the ocean moves [12] (U.S 
Department of Commerce, 2013). Currents compared to tides however, are not as easy to predict. 
The exact direction, although it is usually in the same relative direction, is always changing in 
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terms of its exact flow location [31] (Tabb, 2017) Although unpredictable, these currents are 
often extremely powerful and can be put to use in the generation of energy using the ocean.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Tidal and Ocean Current Energy Harvesting Technology 
 

Due to the rise and fall of the tides, energy could be 
created from the movement of the ocean water followed by the 
tides. This movement or kinetic energy of the ocean could be 
captured, and in turn produce usable energy and power. The 
main approach to obtaining this ocean energy, is through the use 
of a large dam called a barrage [13] (Li et al, 2017). From the 
surface, a barrage appears to be a normal dam, however its 
technology lies below the surface. Below the waves at the base 
of a barrage are tidal turbines. These turbines look very similar 
to wind turbines, however are built much stronger due to water 
being 800 times more dense than air [14] (U.S. Energy 
Information Administration, 2018). These barrages are usually 
placed “across an inlet of an ocean bay or a lagoon that forms a 
tidal basin” [14] (U.S. Energy Information Administration, 
2018). As the tide rises and falls, the water rushes through the openings at the base of the 
barrage, causing the tidal turbine to spin. Likewise, as the tide falls and rushes back through the 
barrage, the turbines are again activated and spin due to the force of the ocean. The spinning of 
the turbines, similar to wind turbines, generates energy that is then powered through wires 
connected to the barrage.  

Ocean current energy, in theory, would be captured similar to tidal energy. This would be 
done through the use of turbines, however the use of a barrage would not work effectively. 
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Instead of barrages, lone turbines would have to be placed on the ocean floor to capture energy 
created by the currents. These lone turbines would be placed in arrays, and although they would 
appear similar to wind turbines, they would be much smaller to avoid damage due to the strong 
ocean currents [33] (U.S. Office of Energy, 2019). The issue with these small turbines at the 
bottom of the ocean floor is that ocean currents often change, and although the general area of 
the current can be predicted, the exact flow of the current may not be as predictable. This is why 
some scientists have come up with the idea to create some sort of vehicle, that would help move 
the turbine to the most efficient area to harvest energy. A team at the UNC Coastal Studies 
Institute has an idea that the turbine itself would be “attached to a submersible - an autonomous 
underwater vehicle, or AUV, with the ability  to move to the location of the best resource” [31] 
(Tabb, 2017). This concept of a movable turbine would allow for the energy from various ocean 
currents to be harvested, while limiting the possibility for missed predictions of the ocean 
currents.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Costs of Tidal and Ocean Current Energy Plants 
 

The building of a barrage to collect tidal energy is extremely costly. For example, there 
was an idea to build a tidal barrage from the English coast to the Welsh coast. This project, 
called the Severn Tidal Barrage, has long been on hold due to the costs. The cost of this barrage 
was estimated to be thirty three billion dollars [38] (Fortson, 2010). Although this estimation was 
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based off the most expensive design, other designs still involved costs in the billions. Smaller 
barrages are still pricey, as a much smaller barrage found in South Korea cost the country five 
hundred and sixty million U.S. dollars to fund the project. This less elaborate and more realistic 
barrage was still expensive, however more in reach for an energy producing plant [35] (Kim, 
2016). Based on installation costs as well as the cost of constant supervision, it would cost 
roughly 19.7 cents per KWH [36] (Barnard, 2017). This costs would be the upfront costs for 
energy users, as it would still incorporate the need to pay off the large upfront cost. This is much 
more expensive, as coal cost anywhere between from 7 to 14 cents per KWH [20] (Feldman, 
2009). 

The costs for ocean current technology has not yet been thoroughly evaluated. There are 
little to none ocean current plants in existence yet, and the technology to overcome the changing 
of the flow of the current is still in development. However, there are three tidal turbines that have 
been recently installed off the coast of Scotland. These turbines are in the sound of Pentland 
Firth, Scotland, where the tides are incredibly predictable [32] (ANDRITZ, 2019). Although this 
is just a small project in the hopes of a much larger turbine array in the future, the project with 
just three turbines cost about $64 million [37] (PBS, 2018). This project is the first of its kind 
and is paving the way for other current driven energy projects. Although the currents due hold 
potential to produce energy as seen in the first Scotland trial, tidal energy plants technology is 
further along in terms of development.  
 
 Tidal and Ocean Current Plants Already in Place 

 
Tidal energy plants however, large and expensive, have been created and are in use in 

different parts of the world. There is currently a tidal power plant located at the mouth of La 
Rance river on the coast of France. This plant has been in place since 1966, and produces about 
500 GWh per year [39] (EDF, 2019). This tidal power plant on La Rance was the first tidal 
power plant to actually be utilized, and produce energy. Although there are prototypes of such 
tidal power plants, there is only one other tidal power plant in the world.  

The other tidal power plant is located in Sihwa, South Korea [39] (EDF, 2019). The 
Sihwa Lake Tidal Power Station is a 254 megawatt project [35] (Kim, 2016). This power station 
was constructed in 1994 along the Gyeonggi Bay. The plant itself generated one way power 
twice a day following the two high tides, and uses the turbine system to generate electricity. 
There eight gates that open and close allowing the tide to enter. The cost in total (in U.S. dollars) 
was roughly $560 million. What is important to note in this case is that the power capacity is 
different than the annual generation. The plant itself generates 552.7 GWh of electricity, which 
according to the International Hydropower Association, is “equivalent to 862,000 barrels of oil, 
or 315,000 tons of CO2 - the amount produced by 100,000 cars produce annually” (Kim, 2016).  
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Ocean current energy has not yet been as explored as tidal energy and the use of a 

barrage. There is a single ocean current energy plant in place, located in Pentland Firth, Scotland. 
A company called Andritz designed and installed three turbines, one hundred meters below the 
surface just off the coast [32] (ANDRITZ, 2019). Each turbine has the capability to generate 1.5 
megawatts, and since the project began, it has recorded “9,500 continuous hours of operation” 
[32] (ANDRITZ, 2019). This small field is the first of its kind, but may be key in understanding 
the constraints and requirements of tapping into much stronger currents such as the Gulf Stream.  
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Possible Places For Tidal Plants  
 

Based on tidal maps a visual representation of the highest tides can be predicted. From 
these maps, the determination can be made that the three best places for these tidal plants are: the 
Bay of Fundy in Canada, off the coast of Alaska, and off the coasts of some European countries 
such as France and Germany. These three sites have some of the largest tides in the world, and 
have the potential to produce large amounts of energy.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The Bay of Fundy is located off the coast of Nova Scotia Canada, and is 170 miles long.  
This stretch of coast is home to the largest shifts in tides in the world. The change from low to 
high tide can exceed fifteen meters, thus peaking interest to employ a tidal energy plant [30] 
(Garrett, 2004). According to the Offshore Energy Research Association, because of the billions 
of tons of water that rush through the bay in addition to the dramatic tide shifts, there is “Enough 
to power over 170 million homes or 13 times more homes than in all of Canada. Realizing this 
potential will produce high quality jobs, new technologies and global market opportunities for 
this emerging industry sector in Canada” [29] (OERA, 2015). This new source of green energy 
could be used as a more efficient source of power for the east coast. With the use of barrages and 
tidal power technology, the oceans tides along the bay could be harvested and used for large 
amounts of energy. Overall the Bay of Fundy has an estimated 2,500 megawatts of potential due 
to the large amounts of sea water that pass through with each tide. Considering 300 megawatts of 
tidal energy could possibly power one fourth of all homes in Nova Scotia, the installment of 
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barrages could change the tides of alternative renewable energy production [21] (Nova Scotia 
Department of Energy and Mines, 2019).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Another region with high tides is the coast of Alaska. This region is known as the Alaska 

Bore Tides, and are recorded to reach about nine meters tall. The 
main areas these tides can be found are along narrow channels, 
primarily the Alaska’s Turnagain Arm and Knik Arm. These two 
channels surround the city of Anchorage [19] (Alaska Public 
Lands Information Center, 2019). Although little research has 
been done to explore these tides in terms of energy, the United 
States has acknowledged their potential. According to the 
University of Washington, there have been reportings of 
a possible “tial energy pilot project”, off the coast of 
Alaska where these tides are found [26] (University of 
Washington, 2010).  

The last region that contains some of the largest tides in the world is off the coast of 
countries such as Germany and France. As mentioned earlier, there is already a working tide 
power plant in place off the Rance River in France, however there is even more potential for tidal 
energy in the region. The highest tides on this part of the globe however, are found along the 
shore between England and Wales. These tides are found on the Severn Estuary, or in other 
terms at the mouth of the River Severn. Here, the tides can reach fourteen meters, which places it 
among the highest tides in the world [20] (Xia et al, 2010). Proposals have already been made to 
construct a barrage to harness the energy of these tides, however none have been made yet. 
According to some estimates, a barrage at place on the Severn could generate up to 25 GWh of 
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electricity “over a typical mean spring tidal cycle” [20] (Xia et al, 2010).  Reasons why a barrage 
has not yet been built are mainly because of the cost to build one, in addition to concerns about 
the effects on the species of fish that live in the Severn [16] (Warwick et al, 2010). 
 
 

 
 
 
 
 
 
 
 
 
Possible Ocean Current Harvesting Locations 
 

Although the technology is not yet as advanced as tidal energy, the potential for current 
energy is also possible. As mentioned earlier, currents are more difficult to predict in terms of the 
exact flow location. According to NASA, the Gulf Stream contains some of the strongest surface 
currents in the world. These currents are often recorded at being 3 or 4 km per hour [24] (NASA, 
2019). In addition, these currents are also narrow. The average current usually being 50 to 75 km 
across [24] (NASA, 2019). The important factor however, is that these flows are constant, and 
huge amounts of water are being moved across the ocean floor [23] (Bureau of Ocean Energy 
and Management, 2019). In the gulf stream, there are approximately 8 billion gallons of water 
per minute (NPR, 2007). Multiple proposals have been written in terms of the approach to 
harvesting the energy of the gulf stream. Some estimates state that the energy of the Gulf could 
produce up to 300 GW of power. This alone is roughly equal to the power produced in 150 
nuclear power plants [18] (Coastal Studies Institute, 2016).  
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Other currents do have the potential for current energy, although they are not nearly as 
researched as the Gulf Stream. Other currents such as the Canary Currents and the California 
Currents also have the potential to be used for current energy. In this part of the world, these 
currents are estimated to be moving at 1 km per hour [41] (NASA, 2019). The California 
Currents, for example, has been predicted to have the capability to produce six hundred kilowatt 
hours per day [110](HydroWorld, 2019). Although this may not seem like much, this is still a 
billion gallons of water traveling along the stream. Smaller currents such as these (in comparison 
to the gulf stream), could also be a viable source of energy [22] (Mason et al, 2011). This in 
total, could add to the worldwide potential of 3,000 megawatts of possible ocean current energy 
[105] (Selin, 2019). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



24 

Chapter 3: Mirrors in the Sky, Space Energy 
 
Hypotheses Behind ‘Mirrors in The Sky’ 

In order for renewable energy to be successful, the source must provide continuous 
power. Hypothetically, total reliance on solar panels would mean the sun must always shine and 
there can never be anything in the way that could disturb the source. Even on a clear day about 
thirty percent of solar radiation does not reach the ground due reflection off the atmosphere [42] 
(U.S. Department of Energy, 2019). Modern research, however, has come up with the idea to 
install solar panels directly in space, allowing for a continuous generation of power without any 
disruption from the clouds, seasons, and the night.  

In theory, large arrays of solar panels approximately three kilometers long would be 
launched into space like a satellite, and put into orbit [43] (Wood, 2014). These solar panels 
would collect the solar energy directly without any interruptions, and using microwave 
transmittance, would beam the energy back down to a specific point on earth (U.S. Department 
of Energy). Along with these solar panels would be connected technology such as reflecting 
satellites that would direct the solar energy towards the solar panels and solar radiation collection 
units [44].  

In addition to these supporting technologies, an energy converter would also be needed 
on the device, as this would allow for the solar energy to be converted to the microwave beams 
(Reedy, 2017). Although there are many constraints and some of the technology seems years 
away, this energy source could be a huge opportunity. Speaking purely in terms of potential, the 
sun produces enough energy so that 430 quintillion joules hits the surface of the earth every hour 
[46] (Harrington, 2015). If this concept of solar space energy could be implemented and capture 
even a fracture of that, the course of energy consumption for humanity could be changed.  
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Introduction to The Technology 
 

Although there are currently not any solar panels in space, some countries have produced 
designs and hypotheses on possible technologies. For the most part, all designs have the same 
basic concepts. For this device, energy collection would be very similar to solar panels on earth. 
With the use of photovoltaic solar cells, energy could be collected directly from the sun. These 
photovoltaic solar cells would be set up in large arrays, ensuring enough coverage during orbit 
[47] (Nankivell, 2018). In addition to the solar cells, the device would also need mirrors directed 
the sunlight onto the photovoltaic cells. Although there is direct sunlight, there is still a great deal 
of movement and obstacles in space, especially in orbit. These mirrors would aid in the 
collection of sunlight, and redirect the energy for collection onto the solar panels (U.S. 
Department of Energy). As seen in China's prototype for the space energy collection unit, these 
mirrors would be large in order to optimize the amount of solar energy captured.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Another key piece to this technology is the energy converter that would need to be 
incorporated. When the solar radiation from the sun is collected, it would need to be converted to 
microwave energy in order to be beamed back to its respective place on earth via a microwave 
emittance laser [49] (Snowden, 2019). The distance needed for this transmittance to occur would 
be roughly 22,000 miles [50] (Chow et al, 2019).  
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Costs and Constraints 
 

Launching solar energy collection units comes at a high cost however one may design it. 
In addition, even when the energy is produced, the price per watt is a great deal more than other 
sources of energy. This lowers the chances of producing such technology without large private 
investments. Logistically, the price per watt of solar space energy would be somewhere between 
two dollars and two dollars and fifty cents. The current cost per kilowatt hour in the United 
States (using non-renewable resources), falls around twelve cents. In terms of electricity pricing 
for the user, this cost must come down in order for the cost of solar panels to become realistic. 
Majority of this cost is due to the high upfront cost of building the technology in addition to the 
installation. To calculate an estimated cost to launch panels into orbit, a simple calculation can 
be done based on past satellite launches. Based on past experience, it is roughly $9,000 per 
kilogram to launch a satellite into space. With plans to put miles of solar arrays into orbit, it can 
be estimated that the mass would be roughly 4,000 metric tons. This brings the launch cost to 
about $36,000,000,000 [47] (Nankivell, 2018). This does not account for other costs such as 
maintenance that would constantly have to be done on energy collecting device.  

Other constraints besides costs of installation play a role in the prevention of space solar 
power. The first is the lack of technology and funding most countries are willing to use to 
advance. Very few countries like China and Japan even have decent funding into space energy 
programs allowing for the needed technology to be explored [52] (Rosenbaum et al, 2019). The 
Japanese allotted the most for the space power exploration, with a 
budget of twenty one billion dollars invested into exploring the 
technology [54] (Richard, 2009).  
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Another constraint is the fact that damage would occur to the panels in orbit on a regular 
basis. On earth, small scratches caused by twigs or small rocks can greatly harm solar panels and 
affect the efficiency of the energy output. In space, everything from asteroids to space junk take 
up large amounts of room and fly at high speeds. This debris could cause great damage to 
technology, especially when that technology is large mirrors and solar arrays. The average space 
debris speed in low orbit (less than 2,000 kilometers), is around twenty thousand kilometers per 
hour. Even when the debris is small, this could cause great damage to solar technology [55] 
(Aerospace, 2018). Although this constraint seems impossible to overcome, it is important to 
acknowledge that the international space station, which currently orbits the earth, relies entirely 
on solar power. With four arrays, “the station generates up to one hundred and twenty kilowatts 
of energy” (Ashish, 2019). Even when damage is to occur, it can usually be maintained and 
monitored to ensure the panels continue to run. Large solar arrays are inevitably going to be hit, 
however with the proper maintenance and monitoring, this damage can be controlled. Even so, in 
the future artificial intelligence will play a significant role in the maintenance of these large 
energy devices.  
 
Countries Involved 
 

Although the United States and some European countries have talked about tapping into 
the power of space solar energy, there has been no major advancement. The United States has 
made some progress, however most of the project was killed after the cost to install space power 
was deemed “unfeasible” by NASA scientists. Recently, the United States Military has expressed 
an interest in the idea, however very small prototypes solely on earth have been a result of this 
interest, 
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Japan and China however are investing billions of dollars to move further with space 
energy. Japan alone has invested twenty one billion dollars to move forward with the space 
energy project [54] (Richard, 2009). Japan has outlined a plan to do a series of prototyping and 
eventually, commercially produce enough energy. This plan starts with a one hundred kilowatt 
demonstration on earth. This would show the ability to beam the energy from one source to 
another. Thus far, a small scale beam of one hundred and twenty watts has been completed [56] 
(Japan Space Systems, 2013). In terms of more specific technology, Japan plans to send a craft 
with 1.2 miles of solar panels on each side into orbit. Along with the panels, the use of a 
microwave beam would be put into place to send the energy back down to earth. The most 
advanced part of this plan, is to incorporate artificial intelligence ‘astronauts’ into space with the 
panels to maintain them [57] (Ryall, 2015).  
 
 
 
 
 
 
 
 
 

 
 
 
 
China has gone one step further than Japan, and revisited the concepts NASA came up 

with decades ago. In addition, China has made plans to launch a prototype into space. China 
claims that this prototype will be able to generate about one megawatt of energy by the year 
2030 (Rosenbaum et al, 2019). Similar to Japan, this prototype would include a large array of 
solar panels to capture the solar energy produced by the sun. This model would also use a 
microwave beam to return the energy to earth. By 2050, China plans to have a commercially 
powerful solar array in orbit that could supply a gigawatt of energy. As discussed earlier, this 
would come at a high cost, however Beijing as made the 
pledge to give $326 billion to alternative energy sources 
such as space solar power initiative [58] (Snowden, 2019).  
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Space Solar Possibilities  
 

Although there are many obstacles in the way of commercial space solar energy, there is 
no doubt that if solar energy were obtained, could change the course of humanity in terms of 
energy usage. Paul Jaffe has made predictions based on calculations for how much solar energy 
could truly hold. These predictions were based on the fact that the sun would be shining at all 
house, every day, for almost the entire year (1% margin of error was left to account for 
exceptions). Jaffe predicts that each array, if made to the size as current models estimate, could 
produce a maximum of five gigawatts of energy (Greenmatch, 2019). For comparison, in order 
to produce one gigawatt of energy on earth with solar panels, one would need 3.125 million 
panels [61] (U.S. Department of Energy, 2018).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Overall, the potential of solar energy directly from the sun in space is 1,347 watts per 

square meter (Greenmacth, 2019). With the use of solar panels in space, there would be zero 
greenhouse gas emissions, no interruptions in the source of energy, and enough energy to power 
major parts of the world. With direct solar radiation in space thirty percent more efficient than on 
earth. If based on Paul Jaffes calculations, only four arrays could power New York City, miles of 
arrays could change the world. 
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Chapter 4: Fusion Reactor  
 
The Future of Energy 
 

When thinking of alternative renewable energy sources, the first thought may be solar or 
wind. Although these may be good options, there are still other possibilities that show great 
potential, and need to be further explored. Fusion reactors have long been thought of as a mega 
source of power; however, humanity has not yet reached the technology to use them. For almost 
fifty years now, scientists and engineers have been exploring the idea ‘how’ a fusion reactor 
could function [62] (Cohen, 2019). If a functional design is created, a clean, more powerful 
source of energy could take over the market. Instead of something like uranium that nuclear 
energy currently uses, the future of fusion reactors would rely on helium-3. This isotope is 
extremely rare on earth, and can only be obtained in extreme circumstances. It is estimated that 
there are only about fifteen kilograms of helium-3 created on earth each year [63] (Barnatt, 
2016). There are other means of retrieving the material, which includes the mining of the surface 
of the moon where helium-3 is abundant.  

 
 
 
 
 
 
 
 
 
 
 
 
 
What makes this technology so special is the idea that there would be no greenhouse 

gases emitted, and the fact that less Helium-3 would go a much longer way than other sources, 
such as uranium. Helium-3 itself is much safer than other commonly used options. For example, 
uranium is radioactive, making it dangerous for those using it in nuclear power plants. In 
addition, the products that uranium creates such as thorium-230 and radium-226 remain a danger 
long after its use. This puts future generations at risk as well as leaving them with the problem of 
radioactive waste [65] (Institute for Energy and Environmental Research, 2012). Helium-3 on the 
other hand, is not radioactive. The use of helium-3 would lead to a safer power plant for people, 
while producing less waste and emitting less greenhouse gases [68] (ESA, 2019). 

 



31 

 
 
 
 
 
 
 
 
 
 
 
 
 

The reason scientists are diving so deep into fusion reactors is because of the enormous 
potential the technology has. If achieved, a fusion reactor could produce 500 megawatts from 
only half a gram of hydrogen, which would be converted into helium [68] (Anthony, 2012). 
There are different approaches to fusion reactors such as: magnetic fusion reactors, using 
hydrogen conversion, and the favored helium-3 reactor. The helium-3 reactor however, has 
another step added to it as this element can be only found in large enough amounts on the moon. 
In this section, the concept of a helium-3 reactor is explored, and the feasibility with modern 
technology.  
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Plans For Technology 
 

Helium-3 fusion technology all stems from the idea of the fusion between deuterium and 
tritium (otherwise known as helium-3). The fusion of the two can result in high kinetic energy, 
reaching levels of 17.6 million electron volts. This kinetic energy can then be put forth to create 
steam which would drive the turbine generators, creating high amounts of energy [70] (Schmitt 
et al, 2006). This sort of reaction take high amounts of energy and high temperatures. Special 
materials would be required to build such a machine, in addition to these materials being 
changed every couple years to keep up with the damage.  

Fusion reactors have been in development all over the world since the 1940s. The 
technology however, has made little progress in terms of net energy. There are no current 
helium-3 fusion reactors that can output more energy than they need to take in. Recently, 
Massachusetts Institute of Technology made a breakthrough in magnetic fusion plant technology. 
Their design included a more efficient way to let out the excess heat caused by the plasma in the 
device. Although the design of the fusion reactor is better development than those in other parts 
of the world, the device only uses one percent helium-3 to help fuel it [71] (Chadler, 2018).  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Technology for a helium-3 fusion reactor still has a long way to go before it can be 
commercialized, the technology later discussed in constraints with moon mining has an even 
further way to go. What can be confirmed  however, is that whoever is to unlock the technology 
behind the fusion reactor, will hold large enough amounts of energy to change the course of the 
world.  
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The Power of Helium-3 and The Moon 
 

The power of helium-3 has not been explored experimentally a great deal due to its 
scarcity on earth. Helium-3 is formed due to the solar winds produced by the sun. Due to the 
magnetic field of the earth, these solar winds do not affect the earth's surface. For this reason, 
there has only been some experimentation performed with samples of helium-3. The moon 
however, is not protected by these solar winds, and therefore has an abundant amount on the 
surface [72] (ESA, 2019). Although there is no proven amount, researched estimates predict 
there are roughly 1.1 million metric tons of helium-3 on the surface of the moon. This is roughly 
fifty part per billion, which would need a large refinery process before the helium-3 could be 
used [73] (Veronese, 2012). Although this seems like a daunting task to mine the moon, majority 
of this helium is predicted to be within a couple meters of the surface [63] (Barnatt, 2016). In 
terms of collection and mining, there is a huge opportunity to realistically collect the helium-3 
with advancing technology such as artificial intelligence.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In terms of energy, helium-3 could provide the most power eco-friendly source to date. 
For comparison, some scientists have predicted that the energy produced by 5,000 tons of coal is 
equivalent to only forty grams of helium-3 [76] (Seth et al, 2019). Not only would this be a much 
larger trade off in terms of energy, because of the nonreactivity and no emission abilities of 
helium-3, this source would be much better for the planet. As mentioned earlier, only half a gram 
of hydrogen would be needed to produce about 500 megawatts of energy. To put this into 
perspective, the average American household uses about 10,000 kilowatts of energy each year. 
This is equal to about 10 megawatts, meaning that fifty American households could be powered 
for an entire year on just half a gram of helium-3 [76] (U.S. Energy Information Administration, 
2019).  
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Constraints and The Future 
 

A helium-3 fusion reactor includes many constraints and challenges engineers and 
researchers must face. The first being the development of a fusion reactor. The helium-3 fusion 
reactor would give off extremely high temperatures, meaning the enclosure and technology in 
place would have to withstand such an environment.  

Obviously mining the moon would involve more technological advancements, as present 
technology will not suffice. For example, collection of helium-3 on the moon's surface could 
only be done with artificial intelligence. The temperature on the moon ranges from about 127 
degrees celsius to minus 173 degrees celsius. This varies based on when and where the sun 
shines, in addition to the height of the surface (bottoms of craters are much colder than other 
places). [77] (Sharp, 2017).  These extreme temperatures would not allow for constant human 
exploration to manually do the mining. Such circumstances would call for robots.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

At this point in time humans do not have the technology to send artificial intelligence into 
space to mine helium-3. Other challenges must be overcome before robots are the main priority. 
However, this does not stop some countries from beginning the race to mine the moon. Australia 
has been looking to mine the moon for about six years, and this plan includes robots. The 
University of New South Wales may not be looking for helium-3, however they are designing a 
generation of artificial intelligence that could tackle the exploration and mining of the moon for 
humans. This group of researchers has been writing a proposal to the Australian Research 
Council with the hopes of mining water on the moon, but like helium-3, the plan requires robots. 
Professor Andrew Dempster is leading the team, trying to find the balance between what should 
be the robots responsibility, and what should be controlled by humans [79] (Casey, 2019). 
Dempster is quoted saying, “There’s a real trade-off between how much bandwidth you have 
available to perform your command functions or your control functions, and the autonomy that 
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you allow the machines to have” [79] (Casey, 2019). This balance of how many humans will be 
needed, compared to the abilities the robots will have programmed, is a similar constraint to the 
lunar helium-3 project, however for success it must be achieved.  

In theory, after the helium-3 is mined by robots it must be brought back to earth to be 
used in the fusion reactor. The first step is helium-3 is packed into a shuttle and sent off back to 
earth. This however, is extremely expensive and would have to be done multiple times to support 
multiple countries. The space shuttle itself would cost roughly $1.7 billion, in addition to the 
$450 million it would cost per mission [80] (NASA, 2017). This is calculated based on past 
missions such as the Space Shuttle Endeavour. At maximum capacity the shuttle could hold 25 
tons of helium-3 and, “would power the United States for one year at our current rate of energy 
consumption” [81] (Bennett, 1999). Considering the United States uses seventeen percent of the 
world energy, multiple trips would have to be made, costing in the world in total, billions of 
dollars [82] (American Geosciences Institute, 2019).  
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Chapter 5: Jetstream Energy 
 
Introduction to Jetstream Energy 
 

Jetstream energy is a newer concept focused around the idea of harvesting the winds of 
the jetstream. These winds are found approximately seven miles above the surface of the earth, 
and move at high speeds. The average speed of a jetstream, is wind moving at one hundred and 
ten miles per hour. It is not common however, for these winds to exceed two hundred and fifty 
miles per hour [90] (Baer, 2016). To visualize these winds, they are most often described as 
“rivers of wind”, due to their strong forces. In terms of geographic, these streams usually blow 
from west to east. Considering their force, they are somewhat narrow, meaning there would be 
specific zones that would need to be predicted in order to capture the energy [91] (Zimmermann, 
2013). The concept of a jet stream and how humans would capture its energy, is much like the 
concept of wind turbines or tidal energy. A large ‘turbine’ would be launched into the air, and 
energy would be generated by the strong winds.  

The below image is a map of just some of the jet streams (red and yellow lines), that 
travel across the earth. As can be seen, these streams travel all over the globe meaning that the 
energy produced would affect a multitude of places. This is beneficial because multiple setups 
could be done all over the world, so no one place would be relied on by many other places. This 
technology and concept is becoming increasingly popular, and is attracting the attention of some 
high standing investors such as Bill Gates [92] (Baer, 2016). With the energy crisis 
approaching,energy collection ideas such as jetstream energy must be explored.  
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Jetstream Energy Technology  
 

 
The main ideas for jetstream technology are somewhat of a turbine and blimp hybrid. 

These large machines must be durable to face the strong winds that blow up to seven miles above 
the earth. Since this idea (in terms of advancing technology), is relatively new, the current design 
can only rise to about one thousand to two thousand feet. The model image below is an actual 
energy harvesting device built by Altaeros Energies. This ‘blimp’ is called the Buoyant Airborne 
Turbine. This particular model was developed in 2014 [92] (Baer, 2016).  

 
 
 
 
 
 
 
 
 
 
 
 
 

More specifically, these Airborne Turbines are lifted into the air via helium. This 
technology floats into the atmosphere in the direction of the jetstream currents. Through wires 
and other cables, the sky turbine is held in place while the wind rushes through. The energy is 
then transferred back to earth. There are other ideas of how to collect energy though via the 
strong winds of the jetstream. Another type of technology are known as ‘rotary turbines’ which 
would be held in the air like kits (image pictures below). Although there is some criticism with 
this design, it is being explored. These ‘turbine kites’ are similar to the blimp in that they are 
released into the air, and strapped down via wires and cables. They remain in the jetstream and 
collect energy [95] (Bishop, 2011).  
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Potential in The Future 
 

There are many conflicting views as to the impact jetstream energy could make on the 
renewable energy industry. One study obtained results concluding that the maximum potential 
output would be roughly seven point five terawatts [95] (Bishop, 2011). This is a huge amount of 
energy when in combination with the other alternative resources discussed in this paper. The 
criticism for this sort of potential is described in two ways. The first is said by Lee Miller that 
jetstream energy can not power the earth so there is no point in tapping into it. When speaking in 
terms of jetstream energy powering the world alone, Miller is correct that no this energy source 
(in terms of alternatives), cannot be the sole source of power. The counter to this statement is 
that when combination jetstream energy with tidal or space energy, for example, a large chunk of 
the world could be powered. With the addition of jetstream energy to other alternative energy 
sources, there could be enough green energy to sustain the world. 

The other criticism is that such kites and blimps suspended in the jet stream could 
ultimately destroy the jet streams all over the world. Such traffic in the air could make the 
streams less powerful, thus diminishing the potential for energy output. There is no conclusive 
data to support this criticism. The technology has not yet been advanced enough to test any of 
these claims. In conclusion, such an energy source could possess great potential in aiding the 
world's transition to green energy.  
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Chapter 6: Superconductors  
 

A New Solution to the Energy Crisis  
 

When approaching the need to change humanities energy consumption habits, eyes 
immediately turn to the source. However, a new addition to the solution could not necessarily be 
the source, rather the conductive material that takes energy where it needs to go. 
Superconductivity is the concept that when materials go below their critical temperature, there is 
no resistance in terms of electrical current [84] (CERN, 2019). When dropped to this extremely 
low temperature, some materials will allow current to pass freely through, with little to no loss. 
This concept was first discovered in 1911 by Heike Kamerlingh Onnes while he and his team 
were experimenting with mercury. They found that when the temperature was dropped to four 
point two degrees kelvin (negative two hundred and sixty nine Celsius), there was no resistance 
in the electrical current passing through the mercury [84] (CERN, 2019). Considering sixty nine 
trillion BTUs of energy were lost in 2013 during transmission in the United States, discovering a 
superconductive material at room temperature could change the outlook of energy usage [85] 
(Wirfs-Brock, 2015).  

 
 
 
Superconductivity goes deeper than just mercury. Other materials have been tested and 

recorded zero energy resistance at very low temperatures. The main concept (and second part to 
superconductivity), relies on something called the Meissner effect. This phenomenon is that at 
extremely low temperatures, the material has a loss in its magnetic field. This expulsion 
contributes to the ease of conductivity, thus creating the superconductive material [86] (Starr, 
2019). At this point in time there has been no superconductive material developed at room 
temperature. All materials thus far operate at low temperatures, however the field is expanding to 
a more realistic stand point. Recently, German scientists have just discovered a superconductor 
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that can operate at two hundred and fifty kelvin, or negative twenty three degrees Celsius. Some 
reports confirm that this experiment reached as close as negative thirteen degrees Celsius. With 
this sort of leap in technology, energy and how the world uses it, could be changed.  
 
The Potential of Superconductivity  
 

Besides the fact that scientists do not yet have a superconductive 
material that operates at room temperature, the amount of energy it takes to 
cool the current superconductive materials is extremely high (Johnston, 
2013). If superconductivity could be achieved at room temperature 
however, it could be implemented in different ways that would benefit 
both people and the earth. Transmitting power is one of the largest and 
most beneficial uses superconductors have to offer. In the United States the 
average amount of power lost during transmission is around six point five 
percent. This differs by states with some states averaging a loss of eleven 
percent. Although this seems like a small percentage, this adds up to 
numbers in the trillions over time [99](Snavely, 2000). The use of 
superconductors in this instance could save energy, in addition to saving 
money. One study done found that just two hundred and fifty pounds of 
superconducting wire could replace up to eighteen thousand pounds of 
typical copper wire. Replacing such material would allow humans to 
transport energy more efficiently in addition to longer distances (with little 
to no loss) [99](Snavely, 2000).  

Transmission is not the only issue superconductors could address. 
Superconductors could also play a role in the commercial setup of energy 
sources. If energy generators were to use superconductive wiring, money, 
energy, and space could all be saved thus contributing positively to the 
world energy crisis. The company General Electric has greatly explored 
super conductivity, and continues to explore its potential. 
One study GE completed found that use of super 
conductive generators would be about ninety nine percent 
more efficient than normal generators. In addition, these 
generators would be only half the size of standard generators that are currently used 
[100](NSTA, 2019). GE also explored that within the next ten years, the market for 
superconductors would reach roughly between twenty and thirty billion dollars. For these 
reasons, U.S. Department of Energy gave General Electric roughly twelve million dollars to 
move forward with their research for a superconductor material that functions at room 
temperature [100](NSTA, 2019). If this technology is to succeed, superconductors could alter the 
timeline of the energy crisis.  
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Types of Superconducting Materials 

 
There are different types of superconducting materials, that can be sub-grouped into 

different categories. As later mentioned in this chapter lanthanum hydride shows the most 
promise in terms of reaching room temperature operation.  Many different types of materials can 
be used as superconductors, however this does not mean that they necessary show promise of 
advancement. For example, hydrogen sulfide can become a superconductor at two hundred 
kelvin and two million atmosphere pressures. The main group of superconductors first 
discovered in the 1980s, are called perovskites. This group of materials can occur at ninety two 
kelvin (Mudur, 2019). Overall however, lanthanum hydride currently holds the record as the best 
superconductor.  

 

 
 
 
 
Timeline of the Technology  
 

Currently there are no superconductors that can function at room temperature. This does 
not stop scientists from attempting to get closer to room temperature functionality. What 
scientists have set as the goal, is to operate a super conductor at above zero degrees Celsius. 
Although this may seem far from reach, different companies and groups are investing large 
amounts of money to reach these goals. Scientists have made a great deal of progress in the last 
decade, breaking the record for functionality closest to room temperature.  

The most recent advancement was in 2018, when German scientist were testing the super 
conductive abilities of a material called lanthanum hydride. Energy is needed to jump start the 
superconductivity, and in this case the team used about one hundred and fifty gigapascals of 
pressure [for comparison earth’s core is about three hundred and thirty gigapascals] [86](Starr, 
2019).  Under these conditions, German Scientists were able to accomplish functional operation 
at just about two hundred and fifty kelvin (negative twenty three degrees Celsius) [86](Starr, 
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2019). This major breakthrough breaks the temperature record, only four years later from the last 
record broken. At the rate of advancement, superconductor technology could very well be up for 
commercial use in the near future.  
 
Superconducting Conclusion 
 

It is important to acknowledge that superconductivity itself is not an alternative energy 
source, and alone would not stop nor solve the energy crisis. What it could do however, is slow 
the decline toward the crisis in addition to saving time, energy, and money. Super conductive 
capabilities also play a necessary role in the future of alternative energy solutions. 
Superconductors could ultimately help ‘rewire’ the planet more closely together. As Professor 
Suchitra Sebastian at the University of Cambridge states, “Imagine a world where ultra-fast 
levitating trains zip between destinations, where wind energy from the North Sea and solar 
energy from the Sahara power the electric grid in New York…” [102](Sebastian, 2018). With a 
more closely wired planet, the high tide of the Bay of Fundy, or the strong sun in the Sahara 
desert could help to power places much further than are currently in reach.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



43 

Chapter 7: Geothermal Energy 
 
Introduction to Geothermal 
 

Geothermal energy is often looked down upon due to its lack of exploration into the 
source. This source of energy is the least explored energy of all the renewable source because of 
the little energy feedback possible. However, it is important to acknowledge that it is a possible 
resource. In terms of this paper, it is a stable resource that would supply continuous power, in 
addition to being green with no emissions. This qualifies geothermal as a capable possibility to 
add the list of resources that could help change the course of the way humans use energy. 

Geothermal itself is entirely based off of heat from inside the earth. For the sake of 
scales, this portion of the analysis is purely based off of facts from the U.S. There is no doubt 
that the temperature is different in each of the continentual United States. However, the earth 
itself is actually almost the same temperature across the country. In the shallow ground (which is 
defined as the top ten feet of the surface), the temperature only ranges from ten to sixteen 
degrees celsius. This constant temperature is the center of geothermal, and the key to how 
geothermal works [107] (Renewable Energy World, 2019). Geothermal energy is captured by 
digging down into the earth's surface, where the temperature is more constant. The further down 
into the surface, the more possible energy to generate. However, the most common depth at the 
moment is about two hundred meters. At this level, the earth is at a constant six to eight degrees 
celsius. The goal however, is to dig down further. The University of Bergen says it is possible to 
dig ten thousand meters down where the temperatures could be three hundred and seventy four 
degrees celsius [108] (Renewable Energy Focus, 2010).  

These stable temperatures can be used to heat and cool buildings (primarily), however 
there are other uses. For example, tapping into these temperatures could aid in producing steam. 
This steam could then be used to power turbines which create energy. Such energy does have 
great potential. Currently in the United States, there are approximately “3.567 MW of 
geothermal power plants in operation in the United States” [109] (University of Michigan, 2018). 
This is not enough power to provide energy for everyone, however it is a good piece to add on 
the journey to clean energy.  
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Small Potential of Geothermal 
 

As some of the other sources discussed in this paper, geothermal is not far out of reach of 
alternative renewable energy. There are plants already in place as well as some homes using 
geothermal technology to heat and cool their households. At the current moment in time, 
geothermal energy adds up to be approximately point four percent of all the energy generated in 
the United States. This may not seem like much, however any bit of green energy source is a step 
in the right direction. In addition, some studies show that there may be up to one hundred 
gigawatts of geothermal electricity capabilities in the United States. This large number would be 
able to supply ten percent of the United States needed power [109] (University of Michigan, 
2018). Although this is only ten percent, this percentage is green, and could easily add up with 
other renewable source to create a more eco-friendly future.  
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Discussion & Critique of The Results 
 

There is no doubt that some of the ideas presented in this paper are far into the future. 
The concept of the reality is, that no matter how strange or far off they may be, they are the 
future. There is data to back up the possibility of all the chapters discussed in this paper, how 
they will be implemented, is another story. There are different opinions on each energy source, 
especially in the discussion of an implementation timeline.  

Tidal and current energy has had a decent amount of criticism for the large barrages that 
must be installed. Although this idea seems overwhelming to some, it is already a reality. There 
are already barrages built in different parts of the world. This shows that the potential of tidal and 
current energy can be obtained. Further research shows that smaller turbines can be installed and 
still produce high amounts of power. Of all the ideas discussed, this energy source in terms of a 
hundred year timeline is the closest to becoming a reality. Within the next ten years, based off 
the research discussed in the paper, places such as the Bay of Fundy will have installed turbines. 
This untapped ocean potential will soon be an alternative energy reality. 

Space energy is much further along the limeline in terms of energy technology. There is 
currently no working prototype in space and still no solid way to transmit the energy from space 
back to earth. In terms of advancement however, the technology has been quickly inclining. With 
more countries and research center realizing the potential space energy has, the faster the goal 
will be reached. Will this technology happen in the next ten years? No, this technology needs far 
too much advancement. Within the next hundred years however, this may be a possibility.  With 
countries such as China and Japan putting billions of dollars into research, there is a good chance 
within the next fifty years even, space solar will be a possibility. This does not mean it will be 
available commercially yet, but there may be a working prototype.  

Fusion reactors, like space energy, will not be achieved in the next ten years. The closest 
fusion reactor still requires extreme amounts of power to start the device, and did not produce 
enough energy to be close to net zero. Within the next hundred years however, fusion reactors 
may be advanced enough to have small prototype factories. Even such a factory, would be a huge 
advancement and requires large amounts of power and technology to do so. In addition, the idea 
of having a fusion reactor or colony on the moon will probably not happen in the next hundred 
years. This is a far stretch and will call for many other technological advances, besides a fusion 
reactor and beaming the energy back to earth. Technology such as how to support human life for 
long periods of time in space would also have to be developed. The concept of catching an 
asteroid is even further out, as this would require enormous amounts of advancements not 
created yet. All in all the concept of space energy in total is not a possibility in the next ten years, 
however there may be a chance of working prototypes in the next one hundred. Even though this 
idea may seem crazy, there is funding and people work everyday to achieve such a far off goal.  

Superconductors are not going to solve any energy source issue. These conductors 
themselves are not going to solve any direct problems as they are not resources. They could 
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however, help sources last long and aid sources in being available across the world. The reality is 
that this scientific concept that could happen in one hundred years, but it is still far off. 
Considering research started in 1911, it has been over a hundred years and scientists have still 
not reached room temperature functioning. It is going to be quite a while before humanity 
develops the technology, and then even longer to have the technology implemented. In the next 
hundred years it may be an option, but many advancements need to be made.  

Geothermal energy is a reality. It is already in use and there are already plants working 
towards using it on a normal basis. The stretch is the fact that to achieve maximum energy 
capacity, humans would have to dig miles down into the earth. Although this is closer than space 
energy, it would take at least fifty years to achieve such a concept. Especially because other 
sources are being so heavily explored, such an idea would require millions upon millions of 
funding. Likewise, jetstream energy is a small group of researchers that do not have the same 
amount of funding as space or tidal energy. Jetstream energy will not happen in the next hundred 
years on a commercial level, as there are too many requirements.  

Overall most of the energy and ways of implementation is based on a one hundred years 
timeline. None of this is going to happen tomorrow, and will require tremendous amounts of 
work, funding, and time to accomplish renewable energy on a commercial level. Time aside 
however, if any of these concepts are achieved, it will spark a revolution leading the world to use 
alternative renewable energy.  
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Problem & Solutions: Futuristic Ideas 
 
Introduction to The Future 
 

After analyzing and evaluating alternative renewable resources for the future, different 
ideas as to ‘how’ these resources would be used were furthered and explored. In this section, 
different futuristic concepts are further explored based on the resources previously explained. In 
terms of technology, some ideas are extremely new and are not close to full development, but 
could very well be possible in the future. Other data supporting these ideas can also be found in 
this section.  
 
Restating The Problem 
 
The main issue addressed throughout the paper is that there is an energy crisis quickly 
approaching humanity. There are only so many years of oil left, and humans must find 
alternative ways to find energy. While wind and solar power are currently being developed, there 
are multiple constraints that hold these sources from continuous power generation. For example, 
wind energy is only as good as the strength of the wind. If the wind stops blowing, then no 
energy can be produced. Solar power is similar in that if clouds or weather stop direct sunlight, 
the panels cannot achieve high enough outputs of energy to power homes or other everyday life. 
In addition, these sources are high in energy costs (per watt). This is part of the main reason solar 
and wind are not being used as heavily as one would think. In order to overcome the energy 
crisis and achieve a green energy outlook, the power source must be continuous and must not be 
affected by weather.  

The alternative energy explored in this paper are viable because they do not rely on any 
weather to continuously operate. The main problem may be an energy crisis, however the 
problem found in the solution is finding a source that allows continuous power generation, at a 
low cost. In this section, these sources are explained through futuristic suggestion of 
implementation.  
 
A Future Based on Tidal & Current Energy 
 

Of all the ideas and energy sources presented in this paper, tidal and current energy seem 
the most ‘realistic’ in terms of the technology timeline. There is currently an energy turbine in 
use off the coast of Scotland (as discussed in Chapter 2), and there is potential for much more 
than just one in the future. In total, the tides hold roughly three thousand gigawatts of potential 
power across the globe [105] (Selin, 2019). Although realistically not every watt of energy could 
be harnessed, harnessing even a fraction of these tides and currents could power a substantial 
amount of homes.  



48 

 
Table 7.1 

The following Table uses numbers based on energy output recordings from U.S. homes as a 
baseline. The potential of the turbine was calculated based off the current energy output of 

working current turbines designed by the ANDRITZ company.  

Potential of Tidal Energy 3,000 gigawatts = 3x10¹² watts 

Current Turbine Power 1.5 megawatts = 1.5x10⁶ watts 

Number of Turbines (3x10¹²)/(1.5x10⁶) =  2,000,000 turbines 

Power per U.S. Home 10 megawatts 1x10⁷ watts 

Number of Homes powered 
(with hypothetical no energy 
loss) 

(3x10¹²)/(1x10⁷ watts) =  3x10⁵ homes 

If all tidal power was collected, then it would take 2,000,000 turbines to do so, and would 
power roughly 3x10⁵ homes. 

 
Table 7.1 calculates the potential that tidal power could offer. In conclusion, two million 

turbines could power roughly three hundred thousand homes. This 
is not enough to power the whole world, however it could 
contribute a major chunk. These numbers are calculated on the 
estimate of ‘zero energy loss’, but that is to show the true potential 
that even harnessing a fraction of the oceans power could result in 
a huge gain.  

The design of these turbines would be in arrays such as 
wind turbines are currently set up. These current turbine farms 
would differ from wind turbines in such ways as their height. 
Referring to Model (2) made in Solidwork, these turbines would be 
much shorter than wind turbines. This would be to withstand the 
strong forces of the ocean without falling over. In addition to 
stability, the base would be wide to help stabilize the 
turbine while it collects energy. These turbines 
would be placed all over the world, going further 
than the places mentioned in Chapter 2. In addition 
to the places discussed earlier, California, Australia, 
and down the coast of South America could also be used to supply energy.  

In conclusion, the futuristic concept for tidal energy would involve large tidal and current 
turbine farms in places all over the world. Although these farms could not supply the entire 
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world with energy, they would play a major part in the earth's transition to renewable energy. In 
addition, with the use of superconductors, tidal energy could be used in places further than the 
coast. With the combination of these two concepts, tidal and current energy could very well 
change the way people live far beyond the coast in the future.  
 
A Solar Shell  
 

The following section is not a realistic goal, rather a theoretical interpretation used to 
introduce the potential space energy offers. Solar space energy eliminates many factors that solar 
panels on earth must overcome. Factors such as weather and nighttime do not allow solar panels 
to continuously provide power to the necessary outputs. If the solar panels were to be installed in 
orbit with the earth, then there would never be any weather related obstacles in terms of 
collecting power. For potential purposes, Table (____) shows the potential for how many homes 
could be powered purely on solar. The catch however, is to show an exaggerated value of the  
potential, by hypothetically covering the earth in a shell of solar panels.  
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Table 7.2 
The following calculations are based on data from Boeing. These values are considering no net 
energy loss during the absorption and disregard the energy loss in the transition back to earth. 
These calculations are meant to show the potential solar mirrors in the sky have to offer.  

Number of Joules on earth's 
surface each year 

430 quintillion joules 1 joule hour =0.000278 watts 

Watts per hour (430x10¹⁸)*(0.000278) 1.19x10¹⁷ watts per hour 

Number of square km on earth 510.1 million km² = 1.19x10¹⁷ watts per hour 

Top solar panels by Boeing 40.7% efficiency   

Solar Panel Output per hour (1.19x10¹⁷)*(0.407) = 4.84x10¹⁶ watts per hour 

Energy output per year (4.84x10¹⁶) *(12 
hours)*(364days) 

2.11x10²⁰ watts per year  

Power per U.S. Home 10 megawatts 1x10⁷ watts 

Total number of homes 
powered 

(2.11x10²⁰ )/(1x10⁷) 2.11x10¹³ homes in one year 

If there was zero net loss and a shell of solar panels (using current technology), were to cover 
the earth, 2.11x10¹³ homes could hypothetically be powered each year.  

 
As mentioned previously, the above table is not a viable option to power the planet. It 

does, however, show the possible potential for humanity in terms of tapping into space energy. 
This concept of potential is to partially back up following sections in terms of futuristic space 
energy ideas. Although some ideas may seem far fetched, they are all based on concrete numbers 
pointing to the fact that there is potential in space. Although a solar shell encasing the earth is not 
possible, other space ideas are.  
 
Fusion Reactors on The Moon: The Power of a Moon Colony 
 

Space energy has long been a source studied by scientists with the dream of having large 
amounts of energy beamed down from space. Where and how this energy may be beamed are all 
details in the grand scheme to install some sort of power source in space. As mentioned 
previously, ideas have come forth such as installing solar panels around the earth in space. 
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Although this shows a great deal of the potential space energy does offer, there are better options 
when thinking about approaching the task of  harnessing the potential beyond earth's atmosphere.  

As mentioned in Chapter 4, Helium-3 Fusion Reactors could supply enormous amounts 
of power. The catch; however, is that helium-3 is only found in large enough amounts on the 
moon. This creates a new futuristic idea that could possibly end the energy crisis if it were ever 
reached. Humanity could create a colony on the moon, and combine the concept of a Helium-3 
Fusion reactor and space solar to construct a lunar space energy colony. 

The main focus of this colony would be the Helium-3 Fusion reactor, and would be built 
around the mining and running of this energy source. That being said, details for the fusion 
reactor would need to be implemented to ensure the functioning of the energy source.  The first 
detail is that mining would need to be done to 
collect the helium-3 on the moon. Due to the 
dangerous conditions that go along with mining 
the moon's surface, artificial intelligence would 
be necessary to collect the helium-3. These 
robots would have to be programmed to collect 
the helium-3, and return to base to power the 
fusion reactor. Mining robots would have a few 
requirements and constraints of their own. This 
would include knowing a map of the moon to 
ensure knowledge of location, ability to dig 
meters deep into the moon's surface, and 
programmed ability to collect the helium-3 to 
bring back to the colony. As shown in Model (3), 
these robots must have long retractable drills 
capable of drilling multiple meters into the lunar 
surface. These robots must also have traction wheels that allow the robot to flip and turn as it 
moves over the rocky terrain. Finally, the robots must have enough room to store large amounts 
of helium-3 after drilling. With the aid of these mining robots, humans would be able to remain 
at the colony, and not have to venture out to collect helium-3.  

The colony would have much more than robots and humans. This lunar space center 
would not only be the epicenter of space energy, but would also contain a lookout for large 
asteroids and other objects close to earth. Such a space station would require a group of humans 
to actually live on the moon, being housed in igloo-like shelters. This asteroid outlook post 
would be satellite connected back to earth, to warn of any oncoming objects. Furthermore, an 
almost military like station would be around the asteroid outlook post, to detonate the oncoming 
asteroids. A military-like base on the moon would ensure not only power, but protection from 
space to earth and everyone living on it. 
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One of the many important logistics of this lunar space colony is exactly where it would 

go. Many studies done show that the best possible place for humans to live on the moon would 
be inside of the caves and craters located across the surface. NASA has located approximately 
two hundred caves, some of which are forty meters down. This sort of depth could stabilize the 
moon's changing temperature, with some studies showing that the temperature could be 
stabilized at negative twenty degrees celsius (NASA, 2019). Living conditions could be possible 
at this temperature, exactly why the colony and energy station should be installed within one of 
these craters. In addition, space solar panels would be an added to the lunar station. This would 
provide power for the station itself so the energy from the fusion reactor could be beamed back 
to earth. This would require the station to be placed in the sunniest spot on the moon (as well as 
for more possible living conditions). The south pole is the sunniest part of the moon, thus the 
lunar energy station and moon colony should be located there. To be more specific, Shackleton 
Crater is four point two kilometers deep. Installing living quarters even forty meters down and 
living in the sides of the crater would allow a better chance for a moon colony. In conclusion, the 
location of the base that would give such an outside idea the best chance, would be in and around 
the Shackleton Crater on the southside of the moon.  
 
Table 7.3 

Moon Colony Living Logistics   

Best place for life 40 meters deep Temp stabilized at -20 C 

Shackleton Crater 4.2 km deep  
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Although fusion reactor technology has not yet been fully developed, this whole colony is 

speaking in hypothetical terms, if there was futuristic technology developed enough to install an 
energy base on the moon. The Helium-3 Fusion reactor itself would be the center and main 
purpose of the entire moon colony. The fusion reactor would be installed near the Shackleton 
crater, half underground and half above ground. It would be half below ground to help protect it 
from any debris that would happen to reach the moon's surface. However, it would remain half 
above ground to help maintain the fusion reactors temperature. During fusion, the reactor creates 
a plasma that can reach temperatures of a hundred million degrees kelvin (Fruedenrich, 2019). 
Due to these high temperatures, there would have to be some sort of ventilation system to help 
keep the fusion reactor from melting down. In addition, the fusion reactors wiring would also be 
underground, as would all the other wiring on the moon colony. This would prevent any space 
damage that would require more maintenance long term. There would be a way to access the 
fusion reactor underground, which is why the crater would play such an important role. That way 
there would be access for the mining robots in addition to maintenance by humans.  

The largest challenge for a lunar energy space colony is the way to send the energy 
generator by the solar panels and fusion reactor on the moon, back to earth. In studies and as 
mentioned in Chapter 3 and 4, there are different approaches to doing this. As mentioned in the 
previous chapters, many researchers suggests the approach to use microwave energy. There are 
concerns however, that microwave rays would spread out too much over the transmission back to 
earth. Some scientists, and in the case of this theoretical colony, would suggest using infrared 
radiation. Infrared rays fall on the light spectrum in between visible light, and microwave rays. 
They are usually between 0.4 and 0.7 micrometers. This is important because the wavelengths 
are longer than visible light (which would not allow anyone to see the beam), yet still shorter 
than microwave. The key in infrared is that when using it within a laser to beam energy back to 
earth, it would not be stopped by the atmosphere. The atmosphere absorbs most rays of light 
which is what protects humans, however some infrared wavelengths can pass through. The part 
of the infrared wavelength that can pass through is that closest to visible light. This is around one 
micrometer. At this length, an infrared laser could pass through the atmosphere. Thus, allowing 
the energy to beam from the moon to th earth. The earth would catch the energy, much as 
humans collect solar energy now, with photovoltaic cells. Through this process, humanity could 
beam energy from the moon to the earth. 

Overall such a moon colony with a focus around a Helium-3 Fusion Reactor could 
consequently end the energy crisis. Although this technology is far away and major 
advancements need to be made, scientists all over the world are trying to reach for the moon. If 
scientists were to accomplish the task of developing a laser that could beam energy back to earth, 
a special series of satellites would have to be set up. In Model (1) it is diagrammed that a series 
of satellites would be put in orbit around the moon. This is because in beaming the energy back 
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to earth, the moon would not be able to directly shoot a beam to the same place every time (due 
to it being in orbit). This concept is called synchronous orbit, and where the earth the satellite 
would be ‘in synch’ with each other. Through this technique, the moon could beam the energy to 
the satellite closest to it at that point in time. These satellites would beam between each other 
until the beam reached the main satellite. This ‘mother’ satelite would then beam the energy to 
the predetermined place on earth. This, in conclusion, would be how an energy moon colony 
would operate.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Capturing An Asteroid 
 

Another space driven idea is to put a colony on an asteroid. The foundation of this would 
be that, as discussed previously, the asteroid would be in synchronous orbit with the earth. This 
concept has been going on since 2011, when NASA announced their ideas to capture an asteroid. 
If put into synchronous orbit, an asteroid has potential for not only a colony of its own, but other 
energy related aspects not previously discussed [106](National Space Society, 2011).  

In the first instance, a fusion reactor could be placed on an asteroid and beam energy 
back to earth. Because the asteroid would be in synchronous orbit, there would be no need for a 
multitude of solar panels surrounding the earth. There would have to be a space shuttle providing 
the helium-3 from the moon to the asteroid, however the asteroid could stand as a shorter trip 
rather than bringing helium-3 back to earth (as most scientists want to do). Since a fusion reactor 
would be placed on the asteroid, there would be a need for a colony on the asteroid as well. This 
colony could aid with not only the fusion reactor, but aid in the maintenance of the asteroid. 
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Asteroids are filled with an abundant amount of materials. Referring to Table 7.3, there are many 
different applications an asteroid could be used for, in addition to energy.  
 
Table 7.3 
The following information is based off of data from the National Space Society. These values are 
based off the asteroid 99942 Apophis.  

Total Number of Possible 
Resources  

27 megatons in total  

 5 (or more) megatons of iron  

 1 (or more) megatons of 
volatiles 

 

Total Possible Number of 
Asteroid Colony Civilians 

100,000 people  
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4Recomendations For Future IQPs 
 

This project required an open mind and a great deal of ‘digging deep’ to find information. 
If this project is to be continued, multiple things should be done in advance to avoid the time 
constraints. The first is to explore the different types of energy in terms of a timeline. All of the 
energy sources discussed in this paper are plausible to some degree, however not all are 
developing at the same rate. For example, tidal energy already has barrages across the world 
while space energy has years of progress to go. This fact should be outlined and researched more 
fully at the start of the paper. This would allow the paper to show more depth in terms of when 
technology will actually be available. 

Another task that time did not permit was the contacting of alternative renewable energy 
companies. There were attempts during this project to reach out to some companies in hopes of 
more information on certain technology. Unfortunately no one responded and there was not 
enough time to dig deeper and try to contact more people. For example, emails were sent to 
companies wishing to discuss tidal energy, however no one ever responded to the emails. If there 
were more time, than other means of communication could have been attempted. In addition 
more companies could have been contacted. If this was achieved, more strength could have been 
added to the paper. 

Throughout this project models and designs of space colonies and other advanced 
technology are discussed. There was hope that these technologies could have been outlined 
better, with the use of things such as digital drawings and CAD models. This was a time 
constraint in addition to the issue of only one person working on this project. If there was more 
time, more 3D models could have been implemented. This would have allowed for the reader to 
achieve a better picture of what exactly these futuristic designs were about.  

Finally, this was an extremely interesting project in terms of space. Other regions in 
space such as Mars could have been explored, but unfortunately due to the time constraints and 
small team of only one person, this was not done. If this IQP were to continue, a big suggestion 
would be to start with space, for example, and then move onto other sources (if needed). This 
would allow a more thorough approach to one direct ‘grouping’ of energy. This would have also 
allowed for a more thorough final design for ‘futuristic ideas’. If there had been more time, more 
concepts could have been explored, and thus more futuristic suggestions. 

Overall, this project involved large amounts of work. In order to achieve a more thorough 
and detailed final report, the group should start with space and then work down to the smaller 
sources. This would allow for a more optimal use of their time, as all the research would be 
related.  
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Conclusions 
 

Throughout this paper various alternative energy sources are explored. Some seem more 
far off than others, but this is because there must be a shift in energy to ensure the continuing 
powering of the planet. After researching and exploring these futuristic opportunities, it can be 
concluded that these ideas are possible. Details such as how such energy options would affect the 
environment still need to be explored further, however it can be concluded that any of these 
sources would greatly affect humanity.  

If tidal power were to take off in every current of the world, hundreds of homes along the 
coast could switch over to renewable power. If superconductors were to come into play, even 
more homes further from the sea would be affected. Tidal energy, unlike the space powered 
energy, already exists in a couple places over the globe. These plants in place stand as models 
that outside of the box thinking can lead to impactful change. The plants in place will guide other 
such places, like the Bay of Fundy, to take advantage of the ocean power they are given. This 
change will directly alter the lives of many people, by supplying green energy in the beginning 
of a crisis.  

Space energy is explored a great deal throughout this paper, but that is because of the 
humongous potential that it has. No matter what fraction of space generated power is achieved in 
the next decade, it will completely change the course that humanity is going in. Solar panels in 
orbit and fusion reactors on the moon may seem like a science fiction movie, however scientists 
are working to further this technology in real life. There are models of fusion reactors, and 
billions of dollars are being poured into the development of space solar panels.  

With the amount of energy potential in space, all of humanity could be powered for years 
to come. This bold statement could very well come true if the technology stays on the same pace 
of advancement as it has been. People would drive electric cars that were charged from obtained 
energy of space solar. Houses would be powered from beamed energy of a fusion reactor on the 
moon. This futuristic vision could save all of humanity from an energy crisis, and further, change 
the way every person lives. Having such an abundance of energy could also supply energy to 
those who do not currently have it. Jetstreams for example, cover the globe. If this energy could 
be captured in places that do not have access to electricity, lives would be changed.  

Overall these ideas are outside of the box, however they are the future and would change 
the way that all of humanity lives. If this were to occur, the way people have been living would 
be completely changed for the better, by having an abundant amount of clean energy. Although it 
may not be a nuclear reactor on the moon, science shows that the way we collect energy is, and 
must change for the betterment of humanity.  
 
 
 



58 

Bibliography  
 
[1] ExxonMobil. 2017 Outlook for Energy: A View to 2040. ExxonMobil, 2017, 2017 Outlook 
for Energy: A View to 2040. 
 
All graphs are credited to ExxonMobils energy outlook. 
 
[2] Kharas, Homi, and Kristofer Hamel. “A Global Tipping Point: Half the World Is Now 
Middle Class or Wealthier.” Brookings, Brookings Institute, 27 Sept. 2018,  
www.brookings.edu/blog/future-development/2018/09/27/a-global-tipping-point-half-the-world-i
s-now-middle-class-or-wealthier/.  
 
[3] BP. Statistical Review of World Energy. 2018, Statistical Review of World Energy, 
www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistic
al-review/bp-stats-review-2018-full-report.pdf. 
 
[4] Hirsch, Robert L, et al. Peaking of World Oil Production and Its Mitigation . vol. 52 52, ser. 
1, Peak Oil, 2006, Peaking of World Oil Production and Its Mitigation . 
 
[5] “Car Emissions and Global Warming.” Union of Concerned Scientists, May 2019, 
www.ucsusa.org/clean-vehicles/car-emissions-and-global-warming. 
 
[6] Biello, David. “Electric Cars Are Not Necessarily Clean.” Scientific American, 11 May 2016, 
www.scientificamerican.com/article/electric-cars-are-not-necessarily-clean/. 
 
[7] GreenMatch. “How Efficient Are Solar Panels?” United Kingdom, 2019, 
www.greenmatch.co.uk/blog/2014/11/how-efficient-are-solar-panels. 
 
[8] Carruthers, Tom. “How Many People Can Earth Actually Support?” Curious, Australian 
Academy of Science, 2 May 2019, 
www.science.org.au/curious/earth-environment/how-many-people-can-earth-actually-support. 
 
[9] Union of Concerned Scientists USA. “Each Country's Share of CO2 Emissions.” Union of 
Concerned Scientists, 2019, 
www.ucsusa.org/global-warming/science-and-impacts/science/each-countrys-share-of-co2.html. 
 

http://www.brookings.edu/blog/future-development/2018/09/27/a-global-tipping-point-half-the-world-is-now-middle-class-or-wealthier/
http://www.brookings.edu/blog/future-development/2018/09/27/a-global-tipping-point-half-the-world-is-now-middle-class-or-wealthier/
http://www.ucsusa.org/clean-vehicles/car-emissions-and-global-warming
http://www.scientificamerican.com/article/electric-cars-are-not-necessarily-clean/
http://www.greenmatch.co.uk/blog/2014/11/how-efficient-are-solar-panels
http://www.science.org.au/curious/earth-environment/how-many-people-can-earth-actually-support
http://www.ucsusa.org/global-warming/science-and-impacts/science/each-countrys-share-of-co2.html


59 

[10] US Department of Commerce, and National Oceanic and Atmospheric Administration. 
“How Frequent Are Tides?” NOAA's National Ocean Service, U.S. Department of Commerce, 1 
June 2013, oceanservice.noaa.gov/facts/tidefrequency.html. 
 
[11] Galambosi, Agnes, and Lee K. Lerner. "Ocean Currents." The Gale Encyclopedia of 
Science, edited by K. Lee Lerner and Brenda Wilmoth Lerner, 5th ed., vol. 6, Gale, 2014, pp. 
3115-3116. Academic OneFile, 
 
[12] US Department of Commerce, and National Oceanic and Atmospheric Administration. 
“What Causes Ocean Currents?” What Causes Ocean Currents?, U.S. Department of Commerce, 
11 Feb. 2013, oceanexplorer.noaa.gov/facts/currents.html. 
 
[13] Li, Ying, and Dong-Zi Pan. “The Ebb and Flow of Tidal Barrage Development in Zhejiang 
Province, China.” Renewable and Sustainable Energy Reviews, vol. 80, 2017, pp. 380–389., 
doi:10.1016/j.rser.2017.05.122. 
 
[14] U.S. Energy Information Administration. “Tidal Power.” Tidal Power - Energy Explained, 
Your Guide To Understanding Energy - Energy Information Administration, Aug. 2018, 
www.eia.gov/energyexplained/index.php?page=hydropower_tidal. 
 
[15] "Cost scuppers Severn tidal barrage." Sunday Times [London, England], 17 Oct. 2010, p. 3. 
Academic OneFile, 
http://link.galegroup.com/apps/doc/A239584176/AONE?u=mlin_c_worpoly&sid=AONE&xid=
256f1612. Accessed 27 May 2019. 
 
[16] Warwick, R.M., and P.J. Somerfield. “The Structure and Functioning of the Benthic 
Macrofauna of the Bristol Channel and Severn Estuary, with Predicted Effects of a Tidal 
Barrage.” Marine Pollution Bulletin, vol. 61, no. 1-3, 2010, pp. 92–99., 
doi:10.1016/j.marpolbul.2009.12.016. 
 
[17] David Appleyard, “Turning the Tide on Barrage Technology,” Renewable Energy World 
(April 15, 2014) .  
https://www.renewableenergyworld.com/articles/print/volume-17/issue-2/hydropower/turning-th
e-tide-on-barrage-technology.html 
 
[18] Coastal Studies Institute. “Gulf Stream Power Assessment.” Coastal Studies Institute, 2016, 
www.coastalstudiesinstitute.org/research/coastal-engineering/renewable-ocean-energy-project-o
verview/gulf-stream-power-assessment/. 
 

http://link.galegroup.com/apps/doc/A239584176/AONE?u=mlin_c_worpoly&sid=AONE&xid=256f1612
http://link.galegroup.com/apps/doc/A239584176/AONE?u=mlin_c_worpoly&sid=AONE&xid=256f1612
https://www.renewableenergyworld.com/articles/print/volume-17/issue-2/hydropower/turning-the-tide-on-barrage-technology.html
https://www.renewableenergyworld.com/articles/print/volume-17/issue-2/hydropower/turning-the-tide-on-barrage-technology.html
http://www.coastalstudiesinstitute.org/research/coastal-engineering/renewable-ocean-energy-project-overview/gulf-stream-power-assessment/
http://www.coastalstudiesinstitute.org/research/coastal-engineering/renewable-ocean-energy-project-overview/gulf-stream-power-assessment/


60 

[19] Alaska Centers. “Bore Tides.” Alaska Centers, 27 July 2017, 
www.alaskacenters.gov/explore/culture/nature/bore-tides. 
 
[20] Xia, Junqiang, et al. “Hydrodynamic Impact of a Tidal Barrage in the Severn Estuary, UK.” 
Renewable Energy, vol. 35, no. 7, 2010, pp. 1455–1468., doi:10.1016/j.renene.2009.12.009. 
Feldman, Stacy, et al. “2.5 Cents Per Kilowatt Hour: America's Cheapest, Cleanest Fuel 'Holds 
Steady'.” InsideClimate News, 25 Aug. 2018, 
insideclimatenews.org/news/20090930/25-cents-kilowatt-hour-americas-cheapest-cleanest-fuel-h
olds-steady. 
 
[21] Nova Scotia Department of Energy and Mines. “Top 10 Things You Need to Know About 
Tidal Energy in Nova Scotia.” Top 10 Things You Need to Know About Tidal Energy in Nova 
Scotia | Department of Energy and Mines, 2019, 
energy.novascotia.ca/featured-stories/top-10-things-you-need-know-about-tidal-energy-nova-sco
tia. 
 
[22] Mason, E., Colas, F., Molemaker, J., Shchepetkin, A. F., Troupin, C., McWilliams, J. C., 
and Sangrà, P. ( 2011), Seasonal variability of the Canary Current: A numerical study, J. 
Geophys. Res., 116, C06001, doi:10.1029/2010JC006665. 
 
[23] Bureau of Ocean Energy Management. “Renewable Energy on the Outer Continental 
Shelf.” Bureau of Ocean Energy Management, 2019, 
www.boem.gov/Renewable-Energy-Program-Overview/. 
 
[24] NASA. “Wind Driven Surface Currents: Gyres Background (Image).” Ocean Motion : 
Background : Wind-Driven Surface Currents- Gyres, 2019, 
oceanmotion.org/html/background/wind-driven-surface.htm. 
 
[25] National Tidal and Sea Level Facility. “About Tides – Tidal River Bores (Image).” About 
Tides – Tidal River Bores | National Tidal and Sea Level Facility, 2019, 
www.ntslf.org/about-tides/tidal-river-bores. 
 
[26] University of Washington. "Assessing the environmental effects of tidal turbines." 
ScienceDaily. ScienceDaily, 13 December 2010. 
<www.sciencedaily.com/releases/2010/12/101213101806.htm>. 
 
[27] Alaska Channel . “Alaska Bore Tide: When, Where & How To See It.” Alaska.org, 2019, 
www.alaska.org/advice/alaska-bore-tide. 
 

https://doi.org/10.1029/2010JC006665
http://www.sciencedaily.com/releases/2010/12/101213101806.htm


61 

[28] Kaushik. “Tides at The Bay of Fundy (Image).” Amusing Planet, 2019, 
www.amusingplanet.com/2012/03/tides-at-bay-of-fundy.html. 
 
[29] Offshore Energy Research Association. “Value Proposition for Tidal Energy Development.” 
Nova Scotia Offshore Energy | Energy Exploration Opportunities, 30 Aug. 2016, 
www.oera.ca/marine-renewable-energy/tidal-research-projects/other-tidal-research/value-proposi
tion-for-tidal-energy-development/. 
 
[30] Christopher Garrett,Tides and tidal power in the Bay of Fundy, Endeavour,Volume 8, Issue 
2, 1984, Pages 58-64, ISSN 0160-9327, https://doi.org/10.1016/0160-9327(84)90039-5. 
(http://www.sciencedirect.com/science/article/pii/0160932784900395) 
 
[31] Tabb, Kipp. “Project Looks to Tap Gulf Stream's Energy.” Coastal Review Online, 10 May 
2018, www.coastalreview.org/2017/05/project-looks-tap-gulf-streams-energy/. 
Loe, Claire. “Helix Magazine.” Tidal Power Technology | Helix Magazine, Northwestern, 9 Apr. 
2015, helix.northwestern.edu/blog/2015/04/tidal-power-technology. 
 
[32] Andritz Ag. “Tidal Current Turbines.” Tidal Current Turbine, ANDRITZ, 2019, 
www.andritz.com/products-en/group/products/tidal-current-turbines. 
 
[33] U.S. Department of Energy. “Office of Energy Efficiency & Renewable Energy.” 
Energy.gov, 2019, www.energy.gov/eere/office-energy-efficiency-renewable-energy. 
 
[34] U.S. Department of Energy. “Underwater Turbine Image.” Energy.gov, 2019, 
www.energy.gov/about-us/web-policies. 
 
[35] Kim, Yun Ha. “Technology Case Study: Sihwa Lake Tidal Power Station.” Technology 
Case Study: Sihwa Lake Tidal Power Station | International Hydropower Association, 
International Hydro Power Association, 2 Aug. 2016, 
www.hydropower.org/blog/technology-case-study-sihwa-lake-tidal-power-station. 
 
[36] Barnard, Michael. “Tidal Power: Still Expensive, Still Unlikely To Contribute Much.” 
CleanTechnica, 13 June 2017, 
cleantechnica.com/2017/06/13/tidal-power-still-expensive-still-unlikely-contribute-much/. 
 
[37] Sreenivasan, Hari, et al. “Scotland Is Betting on Tidal Energy.” PBS, Public Broadcasting 
Service, 8 Dec. 2018, www.pbs.org/newshour/show/scotland-is-betting-on-tidal-energy. 
 

http://www.coastalreview.org/2017/05/project-looks-tap-gulf-streams-energy/


62 

[38] Fortson, Danny. “Cost Scuppers Severn Tidal Barrage.” The Sunday Times, The Sunday 
Times, 17 Oct. 2010, 
www.thetimes.co.uk/article/cost-scuppers-severn-tidal-barrage-8kmk7p7z6qz. 
 
[39] EDF. “Tidal Power (Image of La Rance Power Station).” EDF France, 27 May 2016, 
www.edf.fr/en/the-edf-group/industrial-provider/renewable-energies/marine-energy/tidal-power. 
 
[40] K Water, Korea. “K Water (Image of South Korean Power Plant).” K-Water, 2019, 
english.kwater.or.kr/eng/main.do?s_mid=4. 
 
[41] NASA. “Tidal Patterns.” Scientific Visualization Studio, 4 Feb. 2019, 
svs.gsfc.nasa.gov/stories/topex/images/TidalPatterns.jpg. 
 
[42] U.S. Department of Energy. “Space-Based Solar Power.” Energy.gov, 6 Mar. 2014, 
www.energy.gov/articles/space-based-solar-power. 
 
[43] Wood, Daniel. “Space-Based Solar Power.” Energy.gov, 6 Mar. 2014, 
www.energy.gov/articles/space-based-solar-power. 
 
[44] Reedy, Christianna. “NASA Wants to Collect Solar Power Directly From Space.” Futurism, 
Futurism, 25 Feb. 2017, 
futurism.com/is-space-based-solar-power-the-answer-to-our-energy-problem-on-earth. 
 
[45] IMAGE “Space Solar Power.” National Space Society, space.nss.org/space-solar-power/. 
 
 
[46] Harrington, Rebecca. “This Incredible Fact Should Get You Psyched about Solar Power.” 
Business Insider, Business Insider, 29 Sept. 2015, 
www.businessinsider.com/this-is-the-potential-of-solar-power-2015-9. 
 
[47] Nankivell, Kirk. “Why the Future of Solar Power Is from Space.” Singularity Hub, 13 Mar. 
2019, singularityhub.com/2018/12/31/why-the-future-of-solar-power-is-from-space/. 
 
[48] IMAGE http://www.indiawrites.org/wp-content/uploads/solar_power_space_02.jpg 
 
[49] Snowden, Scott. “Solar Power Stations In Space Could Supply The World With Limitless 
Energy.” Forbes, Forbes Magazine, 22 Mar. 2019, 
www.forbes.com/sites/scottsnowden/2019/03/12/solar-power-stations-in-space-could-supply-the
-world-with-limitless-energy/#67527f704386. 

http://www.indiawrites.org/wp-content/uploads/solar_power_space_02.jpg


63 

 
[50] Chow, Denise, and Alyssa Newcomb. “Solar Farms in Space Could Be Renewable Energy's 
next Frontier.” NBCNews.com, NBCUniversal News Group, 
www.nbcnews.com/mach/science/solar-farms-space-could-be-renewable-energy-s-next-frontier-
ncna967451. 
 
[51] Smith, Arthur P. “The Case for Solar Power From Space.” National Space Society, 
space.nss.org/the-case-for-solar-power-from-space/. 
 
[52] Rosenbaum, Eric, and Donovan Russo. “China Plans a Solar Power Play in Space That 
NASA Abandoned Decades Ago.” CNBC, CNBC, 17 Mar. 2019, 
www.cnbc.com/2019/03/15/china-plans-a-solar-power-play-in-space-that-nasa-abandoned-long-
ago.html. 
 
[53] IMAGE https://www.roccor.com/orbital-debris/roccor-space-debris-infographic/  
 
[54] Richard, Michael Graham. “Japan's Moonshot? $21 Billion Invested in Space-Based Solar 
Power.” TreeHugger, Treehugger, 11 Oct. 2018, 
www.treehugger.com/solar-technology/japans-moonshot-21-billion-invested-in-space-based-sola
r-power.html. 
 
[55] The Aerospace Corporation. “Danger: Orbital Debris.” The Aerospace Corporation, 4 May 
2018, aerospace.org/article/danger-orbital-debris. 
 
[56] Systems, Japan Space. “SSPS : Space Solar Power System.” SSPS : Space Solar Power 
System | Project | Japan Space Systems, 
ssl.jspacesystems.or.jp/en_project_ssps/?doing_wp_cron=1561404735.28071308135986328125
00. 
 
[57] Ryall, Julian  “Japan Aims to Harness Space Solar Energy.” The Telegraph, Telegraph 
Media Group, 12 May 2015, 
www.telegraph.co.uk/news/worldnews/asia/japan/11600936/Japan-aims-to-harness-space-solar-e
nergy.html. 
 
[58] Snowden, Scott. “China Plans To Build The World's First Solar Power Station In Space.” 
Forbes, Forbes Magazine, 5 Mar. 2019, 
www.forbes.com/sites/scottsnowden/2019/03/05/china-plans-to-build-the-worlds-first-solar-pow
er-station-in-space/#dac469d5c944. 
 



64 

[59] IMAGE 
https://www.scienceabc.com/nature/universe/how-does-the-international-space-station-handle-da
mage-to-its-solar-panels.html 
 
[60] IMAGE 
https://www.forbes.com/sites/scottsnowden/2019/03/05/china-plans-to-build-the-worlds-first-sol
ar-power-station-in-space/#21aba4ea5c94 
 
[61] U.S. Department of Energy. “How Much Power is 1 Gigawatt” Energy.gov, 9 Aug. 2018, 
https://www.energy.gov/eere/articles/how-much-power-1-gigawatt. 
 
Chapter 3.3: Fusion Reactor 
 
[62] Cohen, Ariel. “Is Fusion Power Within Our Grasp?” Forbes, Forbes Magazine, 14 Jan. 
2019, 
www.forbes.com/sites/arielcohen/2019/01/14/is-fusion-power-within-our-grasp/#14b8c72a9bb4. 
 
[63] Barnatt, Christopher. “Helium-3 Power Generation.” ExplainingTheFuture.com , 30 Jan. 
2016, www.explainingthefuture.com/helium3.html. 
 
[64] IMAGE [64] Image Courtesy of Machine Design: model of the helium-3 atom. 
 
[65] Institute for Energy and Environmental Research. “Uranium: Its Uses and Hazards.” 
Institute for Energy and Environmental Research, Dec. 2011, 
ieer.org/resource/factsheets/uranium-its-uses-and-hazards/. 
 
[66] IMAGE [66] Image Courtesy of Extreme Tech: model of a mining facility on the moon by 
the Chinese. 
https://www.extremetech.com/extreme/197784-china-is-going-to-mine-the-moon-for-helium-3-f
usion-fuel 
 
 
[67] ESA. “Helium-3 Mining on the Lunar Surface.” European Space Agency, 
www.esa.int/Our_Activities/Preparing_for_the_Future/Space_for_Earth/Energy/Helium-3_minin
g_on_the_lunar_surface. 
 
[68] Anthony, Sebastian. “500MW From Half a Gram of Hydrogen: The Hunt for Fusion Power 
Heats Up.” ExtremeTech, 28 Mar. 2012, 

https://www.scienceabc.com/nature/universe/how-does-the-international-space-station-handle-damage-to-its-solar-panels.html
https://www.scienceabc.com/nature/universe/how-does-the-international-space-station-handle-damage-to-its-solar-panels.html
https://www.forbes.com/sites/scottsnowden/2019/03/05/china-plans-to-build-the-worlds-first-solar-power-station-in-space/#21aba4ea5c94
https://www.forbes.com/sites/scottsnowden/2019/03/05/china-plans-to-build-the-worlds-first-solar-power-station-in-space/#21aba4ea5c94
https://www.extremetech.com/extreme/197784-china-is-going-to-mine-the-moon-for-helium-3-fusion-fuel
https://www.extremetech.com/extreme/197784-china-is-going-to-mine-the-moon-for-helium-3-fusion-fuel


65 

www.extremetech.com/extreme/123837-500mw-from-half-a-gram-of-hydrogen-the-hunt-for-fusi
on-power-heats-up. 
 
[69] IMAGE-Image Courtesy of Popular Mechanics: Fusion reactor located at MIT. 
https://www.popularmechanics.com/science/energy/a27961/mit-nuclear-fusion-experiment-incre
ases-efficiency/ 
 
[70] Schmitt, Harrison H. “Lunar Helium-3 Fusion Resource Distribution.” Decadal Helium-3, 
USRA, www.lpi.usra.edu/decadal/leag/DecadalHelium3.pdf. 
 
[71] Chandler, David L. “A New Path to Solving a Longstanding Fusion Challenge.” MIT News, 
9 Oct. 2018, news.mit.edu/2018/solving-excess-heat-fusion-power-plants-1009. 
 
[72] ESA. “Space News.” European Space Agency, www.esa.int/Our_Activities/Space_News. 
 
[73] Veronese, Keith. “Could Helium-3 Really Solve Earth's Energy Problems?” io9, io9, 16 
Dec. 2015, io9.gizmodo.com/could-helium-3-really-solve-earths-energy-problems-5908499. 
 
[74] IMAGE Image Courtesy of MIT: Magnetic field fusion reactor design. 
 
[75] Seth, Nayan and Jingyi, Li. “Helium-3: Fuel of the future on Earth’s natural satellite” 
CGTN, 3 Jan. 2019, 
https://news.cgtn.com/news/3d3d674e31637a4e31457a6333566d54/share_p.html 
 
[76] US Energy Information Administration. “How Much Electricity Does an American Home 
Use?” Frequently Asked Questions, 26 Oct. 2018, www.eia.gov/tools/faqs/faq.php?id=97&t=3. 
 
[77] Sharp, Tim. “What Is the Temperature on the Moon?” Space.com, Space, 27 Oct. 2017, 
www.space.com/18175-moon-temperature.html. 
 
[78] IMAGE Image Courtesy of Fudan University: Map of possible Helium-3 location (based on 
abundance), on the moon.. 
http://lunarnetworks.blogspot.com/2010/12/change-1-maps-moons-helium-3-inventory.html 
 
[79] Casey, JP. “Beyond Earth: Could Australia Lead the Race to Mine the Moon?” Mining 
Technology | Mining News and Views Updated Daily, 15 May 2019, 
www.mining-technology.com/features/australia-race-to-mine-the-moon/. 
 

https://www.popularmechanics.com/science/energy/a27961/mit-nuclear-fusion-experiment-increases-efficiency/
https://www.popularmechanics.com/science/energy/a27961/mit-nuclear-fusion-experiment-increases-efficiency/
http://lunarnetworks.blogspot.com/2010/12/change-1-maps-moons-helium-3-inventory.html


66 

[80] Bray, Nancy. “Space Shuttle and International Space Station.” NASA, NASA, 28 Apr. 2015, 
www.nasa.gov/centers/kennedy/about/information/shuttle_faq.html#5. 
 
[81] Bennett, Gregory. “Lunar Helium-3 as an Energy Source, in a Nutshell.” Artemis Project, 
Artemis Society International, 2007, www.asi.org/adb/02/09/he3-intro.html. 
 
[82] American Geosciences Institute. How Much of the World's Energy Does the United States 
Use? 4 Jan. 2019, 
www.americangeosciences.org/critical-issues/faq/how-much-worlds-energy-does-united-states-u
se. 
 
[83] IMAGE Image Courtesy of Space: thermal map of lunar temperatures. 
https://www.space.com/18175-moon-temperature.html 
 
[84] CERN. “Superconductivity.” CERN, 2019, 
home.cern/science/engineering/superconductivity. 
 
[85] Wirfs-Brock, Jordan. “Lost In Transmission: How Much Electricity Disappears Between A 
Power Plant And Your Plug?” Inside Energy, 14 June 2017, 
insideenergy.org/2015/11/06/lost-in-transmission-how-much-electricity-disappears-between-a-p
ower-plant-and-your-plug/. 
 
[86] Starr, Michelle. “Physicists Have Officially Smashed The Record For High-Temperature 
Superconductivity.” ScienceAlert, 23 May 2019, 
www.sciencealert.com/physicists-have-officially-smashed-the-record-for-high-temperature-super
conductivity. 
 
[87]  Futurism. Orbital Power Plant Schematic. NASA Wants to Collect Solar Power Directly 
from Space. Futurism. 24 Feb. 2017.  
https://futurism.com/is-space-based-solar-power-the-answer-to-our-energy-problem-on-earth 

 
[88] PBS. Image of the Endeavor shuttle before launch.Space Shuttle Endeavor Will Rocket Into 
History. PBS. 29 Apr 2011 
https://www.pbs.org/newshour/extra/2011/04/space-shuttle-endeavour-will-rocket-into-history/ 
 
[89] Scientific American Supplement. General View of Plant. Today in Science History. 
TODAYINSCI.  
https://todayinsci.com/K/KamerlinghOnnes_Heike/KamerlinghOnnesLab.htm 
 

https://www.space.com/18175-moon-temperature.html
http://www.sciencealert.com/physicists-have-officially-smashed-the-record-for-high-temperature-superconductivity
http://www.sciencealert.com/physicists-have-officially-smashed-the-record-for-high-temperature-superconductivity
https://futurism.com/is-space-based-solar-power-the-answer-to-our-energy-problem-on-earth
https://www.pbs.org/newshour/extra/2011/04/space-shuttle-endeavour-will-rocket-into-history/
https://todayinsci.com/K/KamerlinghOnnes_Heike/KamerlinghOnnesLab.htm


67 

[90] Baer, 2016 
Baer, Drake. “This Statistic Shows Why Jet-Stream Wind Power May Be Bill Gates's Energy 
Miracle.” Business Insider, Business Insider, 24 Feb. 2016, 
www.businessinsider.com/bill-gates-jet-steam-wind-power-2016-2. 
 
[91] Zimmermann, 2013 
Zimmermann, Kim Ann. “What Is a Jet Stream?” LiveScience, Purch, 11 Mar. 2013, 
www.livescience.com/27825-jet-stream.html. 
 
[92] Baer, 2016 
 
[93] NetWeather. Map of the jetstream currents across the northern half of the globe. Global Jet 
Stream map. NetWeather. 
https://www.netweather.tv/charts-and-data/global-jetstream#2019/06/24/1800Z/jetstream/surface
/level/overlay=jetstream/orthographic=-6.01,55.45,421 
 
[94]  Baer, Drake. “This Statistic Shows Why Jet-Stream Wind Power May Be Bill Gates's 
Energy Miracle.” Business Insider, Business Insider, 24 Feb. 2016, 
www.businessinsider.com/bill-gates-jet-steam-wind-power-2016-2. 
 
 
[95] Bishop, Adrian. “Jet Stream Winds Show Less Renewable Energy Potential.” Jet Stream 
Winds Show Less Renewable Energy Potential | Energy | The Earth Times, 12 Dec. 2011, 
www.earthtimes.org/energy/jet-stream-winds-lower-renewable-energy-potential/1708/. 
 
 
[96] Miller, Lee. Turbine Kites. Earth Times. MPI for Biogeochemistry. 12 Dec 2011,. 
http://www.earthtimes.org/energy/jet-stream-winds-lower-renewable-energy-potential/1708/ 
 
[97]Miller, Lee. Kinetic Energy Transport. Earth Times. MPI for Biogeochemistry. 12 Dec 2011, 
http://www.earthtimes.org/energy/jet-stream-winds-lower-renewable-energy-potential/1708/ 
 
 
[98] Wirfs-Brock, Jordan. “Lost In Transmission: How Much Electricity Disappears Between A 
Power Plant And Your Plug?” Inside Energy, 14 June 2017, 
insideenergy.org/2015/11/06/lost-in-transmission-how-much-electricity-disappears-between-a-p
ower-plant-and-your-plug/. 
 

https://www.netweather.tv/charts-and-data/global-jetstream#2019/06/24/1800Z/jetstream/surface/level/overlay=jetstream/orthographic=-6.01,55.45,421
https://www.netweather.tv/charts-and-data/global-jetstream#2019/06/24/1800Z/jetstream/surface/level/overlay=jetstream/orthographic=-6.01,55.45,421
http://www.earthtimes.org/energy/jet-stream-winds-lower-renewable-energy-potential/1708/
http://www.earthtimes.org/energy/jet-stream-winds-lower-renewable-energy-potential/1708/


68 

[99] Snavely, Brent. “Superconducting Cables to Add Zip to Power Transmission.” Crain's 
Detroit Business, 25 Sept. 2000, 
www.crainsdetroit.com/article/20000925/SUB/9250879/superconducting-cables-to-add-zip-to-p
ower-transmission. 
 
 
[100] NSTA. “Learning Center.” NSTA Learning Center, learningcenter.nsta.org/. 
 
 
[101] “Super Conducting Generators.” Electrical Engineering Community, 3 Sept. 2013, 
engineering.electrical-equipment.org/electrical-distribution/super-conducting-generators.html. 
 
[102] Sebastian, Suchitra. “Superconductors: the Miracle Materials Powering an Energy 
Revolution.” World Economic Forum, 10 Nov. 2018, 
www.weforum.org/agenda/2018/11/superconductors-quantum-energy-revolution/. 
 
 
[103] Mudur, G.S. “Scientists Break Highest-Temperature Superconductor Record.” Telegraph 
India, Telegraph India, 22 May 2019, 
www.telegraphindia.com/science/scientists-break-record-for-highest-temperature-superconducto
r/cid/1691043. 
 
 
 
[104] Hiskey, Daven. “That Time the U.S. Was Going to Build a Massive, Death Ray Equipped, 
Military Moon Base.” Today I Found Out, 2 June 2019, 
www.todayifoundout.com/index.php/2019/05/that-time-the-u-s-was-going-to-build-a-massive-de
ath-ray-equipped-military-moon-base/. 
 
[105] Selin, Noelle Eckley. “Tidal Power.” Encyclopædia Britannica, Encyclopædia Britannica, 
Inc., 4 Apr. 2019, www.britannica.com/science/tidal-power. 
 
 
[106] Covey, Stephen D. “Technologies for Asteroid Capture into Earth Orbit.” National Space 
Society, May 2011, space.nss.org/technologies-for-asteroid-capture-into-earth-orbit/. 
 
[107] Renewable Energy World. “Geothermal Energy.” Technology - 
RenewableEnergyWorld.com, www.renewableenergyworld.com/geothermal-energy/tech.html. 



69 

 
[108] Renewable Energy Focus. “Drilling 10,000 m Deep Geothermal Wells.” Drilling 10,000 m 
Deep Geothermal Wells - Renewable Energy Focus, 15 Sept. 2010, 
www.renewableenergyfocus.com/view/12469/drilling-10-000-m-deep-geothermal-wells/. 
 
 
[109] Center for Sustainable Systems, University of Michigan. 2018. "Geothermal Energy 
Factsheet." Pub. No. CSS10-10. http://css.umich.edu/factsheets/geothermal-energy-factsheet 
 
[110] “Opinion: The World's Largest, Reliable Source of Renewable Energy: The Ocean.” 
HydroWorld, 30 May 2019, 
www.hydroworld.com/articles/2019/05/opinion-the-world-s-largest-reliable-source-of-renewable
-energy-the-ocean.html. 
 
 
 
 

http://css.umich.edu/factsheets/geothermal-energy-factsheet
http://www.hydroworld.com/articles/2019/05/opinion-the-world-s-largest-reliable-source-of-renewable-energy-the-ocean.html
http://www.hydroworld.com/articles/2019/05/opinion-the-world-s-largest-reliable-source-of-renewable-energy-the-ocean.html

