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1 While it is generally not disputed that wars are fought primarily over resources, the following two 
sources provide useful background material: 
 
Klare, Michael T et al. “The public health implications of resource wars.” American journal of public health 
vol. 101,9 (2011): 1615-9. doi:10.2105/AJPH.2011.300267 
 
United States Armed Forces Joint Forces Command – “The Joint Operating Environment 2008 - Challenges 
and Implications for the Future Joint Force.” 
https://www.jcs.mil/Portals/36/Documents/Doctrine/concepts/joe_2008.pdf 
 
2 The United States annually consumes 4 trillion kilowatt-hours of electricity each year. A 300% increase 
of this figure is 12 trillion kWh. Energy Information Agency. “Electricity Explained.” 
https://www.eia.gov/energyexplained/electricity/use-of-electricity.php 
 
3 As of 2022, the average price of electricity in the United States is 12.36 cents. Energy Information 
Administration. “Average Price of Electricity to Ultimate Customers.” 
https://www.eia.gov/electricity/annual/html/epa_02_04.html.  
 
4 A complete cost estimate of Scarcity Zero can be found via https://scarcityzero.com/scarcity-
zero/whitepaper/cost-estimate 
 
5 New York City is 302.6 mi2, according to its Wikipedia entry - 
https://en.wikipedia.org/wiki/New_York_City - which translates to ~8.44 billion square feet. We will 
assume that the aggregate surface area of all municipalities in America crosses the threshold of hundreds 
of billions, yet we estimate it is more likely past one trillion.  
 
6 Wind turbines are more effective and have higher output as they increase in size. Nowakoski, G. A. ., & 
Loomis, D. G. . (2023). The Power of Economies of Scale: A Wind Industry Case Study. Strategic Planning 
for Energy and the Environment, 42(03), 491–528. https://doi.org/10.13052/spee1048-5236.4234 
 
7 International Electrotechnical Commission. “Efficient Electrical Energy Transmission and Distribution.” 
(2007). https://basecamp.iec.ch/download/efficient-electrical-energy-transmission-and-distribution/# 
 
8 M. Brain, D. Roos, “How Power Grids Work.” 
https://science.howstuffworks.com/environmental/energy/power4.htm 
 
Union of Concerned Scientists. “How the Electricity Grid Works.” 17 February, 2015. 
https://www.ucsusa.org/resources/how-electricity-grid-works 
 
9 Electric Light & Power. “Underground vs. Overhead: Power Line Installation-Cost Comparison and 
Mitigation.” 2 January, 2013. http://www.elp.com/articles/powergrid_international/print/volume-18/issue-
2/features/underground-vs-overhead-power-line-installation-cost-comparison-.html 
 
10 Bloomberg CityLab. “The Staggering Value of Urban Land.” R. Florida. 2 November, 1917. 
https://www.bloomberg.com/news/articles/2017-11-02/america-s-urban-land-is-worth-a-staggering-
amount 
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11 Bloomberg CityLab. “The Staggering Value of Urban Land.” R. Florida. 2 November, 1917. 
https://www.bloomberg.com/news/articles/2017-11-02/america-s-urban-land-is-worth-a-staggering-
amount 
 
12 Solar Window Power Model: https://solarwindow.com/powermodel/ 
13 Solar Window Power Model: https://solarwindow.com/powermodel/ 
14 Solar Window Power Model: https://solarwindow.com/powermodel/ 
 
15 If a single urban structure can annually generate 1.57 million kilowatt-hours annually, it would require 
only 637,000 buildings to generate one trillion kWh at similar generation capacity. New York City, alone, 
has more than one million buildings. https://lastfiascorun.com/faq/often-asked-how-many-buildings-are-
in-new-york-city.html. We therefore operate under the assumption that nationwide there are many 
millions of buildings, thus exceeding the threshold to generate “trillions of kilowatt hours” in aggregate.  
 
16 Washington Post. “Turns our wind and solar have a secret friend: Natural Gas.” C. Mooney. 11 August, 
2016. https://www.washingtonpost.com/news/energy-environment/wp/2016/08/11/turns-out-wind-and-
solar-have-a-secret-friend-natural-gas/ 
 
17 United States Government Accountability Office. “Electric Grid Cybersecurity: DOE needs to ensure its 
plans fully address risks to distribution systems.” 18 March, 2021. https://www.gao.gov/products/gao-21-81 
18  
19 EIA information on power plants nationwide. https://www.eia.gov/tools/faqs/faq.php?id=65&t=2 
 
20 Information on the number of Energy Utilities operating in the United States. 
https://www.publicpower.org/system/files/documents/2018-Public-Power-Statistical-Report-Updated.pdf 
 
21 Energy.gov information on the number of power lines in the U.S. http://energy.gov/articles/top-9-
things-you-didnt-know-about-americas-power-grid 
 
22 CNBC. “Why America’s outdated energy grid is a climate problem.” C. Clifford. 17 February, 2023. 
https://www.cnbc.com/2023/02/17/why-americas-outdated-energy-grid-is-a-climate-problem.html 
 
23 American Society of Civil Engineers. “America’s Infrastructure Grades Remain Near Failing.” 9 March, 
2017. https://www.asce.org/templates/press-release-detail.aspx?id=24013 

 
24 Wikipedia Entry on Miami-Dade County. https://en.wikipedia.org/wiki/Miami-Dade_County,_Florida 
 
25 Miami-Dade County. Energy outlook assessment. Page 2. 
https://www.miamidade.gov/greenprint/planning/library/milestone_one/energy.pdf#p2 
 
26 Solar panel output varies by sophistication, size, region and efficiency. We have therefore established 
assumptions based on the myriad solar options available. The SunPower E20 solar panel is an industry-
leading solar panel available on the market today. With a nominal power output of 327 watts, it is 61.4 
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inches wide and 41.2 inches tall, coming to a surface area of about 17.5 square feet (as per 
https://us.sunpower.com/sites/default/files/sunpower-e-series-commercial-solar-panels-e20-327-com-
datasheet-505701-revh.pdf). That translates to roughly 18.7 watts of power per square foot. Converting to 
energy, 18.7 watts of power exerted over an hour is measured as 18.7 watt-hours. Assuming five peak sun 
hours in a day, that totals 93.5-watt hours generated per day. Extrapolated over a calendar year, that 
totals 34,127.5 watt-hours.  
 
Denoted in kilowatt-hours (the standard most energy is measured in), that comes to 34.12 kilowatt-hours 
of energy generated per square foot, per year. To account for anomalies, we’ll reduce that figure by 10%, 
and estimate that one square foot of solar panel surface can reliably generate 30 kilowatt-hours per year. 
As there are 27.88 million square feet in one square mile, we will conclude that one square mile of solar 
panels would reliably generate 836.5 million kilowatt-hours in a year. 

27 American Society of Mechanical Engineers. “Entrepreneurs Look to Small-Scale Nuclear Reactors.” M. 
Abrams. 2 March, 2021. https://www.asme.org/topics-resources/content/entrepreneurs-look-to-small-
scale-nuclear-reactors 
 
28 Background reading on United States Navy Reactors - 
https://en.wikipedia.org/wiki/United_States_naval_reactors#:~:text=The%20U.S.%20Navy%20has%20nev
er,are%20scheduled%20to%20be%20recycled. 
 
29 B.M. Elsheikh. “Safety assessment of molten salt reactors in comparison with light water reactors.” Journal of 
Radiation Research and Applied Sciences. Volume 6, Issue 2. October, 2013, Pages 63-70. ISSN 1687-8507. 
https://doi.org/10.1016/j.jrras.2013.10.008. 
 
30 Multistage Flash is used in ~26% of desalinated water systems, second only to reverse osmosis due to 
energy cost. https://en.wikipedia.org/wiki/Multi-stage_flash_distillation 
 
31 At 141.86 Megajoules per Kilogram (Higher Heating Value), Hydrogen has the highest specific energy 
of any practical chemical fuel. Energy Density Table (Chemical Reactions). 
https://en.wikipedia.org/wiki/Energy_density 
 
32 Hydrogen combustion or use in fuel cells does not emit carbon. 
https://en.wikipedia.org/wiki/Hydrogen_fuel 
 
33 Most hydrogen today is produced by steam methane reforming of fossilized gas. 
https://en.wikipedia.org/wiki/Hydrogen_fuel / https://en.wikipedia.org/wiki/Steam_reforming#SMR 
 
34 Green Cars. “Different Types of Hydrogen Vehicles.” L. Yap. July, 2023. 
https://www.greencars.com/greencars-101/different-types-of-hydrogen-vehicles 
 
35  United States Department of Energy. “Hydrogen and fuel cell technologies office.” 
https://www.energy.gov/eere/fuelcells/hydrogen-storage 
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36 Electric Vehicles have been commercially available since the late 2000’s and market share has increased 
significantly over time. The same is true of electric aircraft (eVTOL), of which several startups have 
manufactured commercial models. 
 
37 “Next Generation Transportation” in this context refers to currently in-development projects such as 
the Hyperloop, Reaction Engine’s SABRE, and Boeing’s latest iteration of a man-piloted hypersonic 
aircraft. The following sources are for general background reading: 
https://virginhyperloop.com/ 
https://www.reactionengines.co.uk/beyond-possible/sabre 
https://www.wired.com/story/boeing-hypersonic-mach-5-jet-concept/ 
 
38 International Energy Agency. “Direct Air Capture – more efforts needed.” November, 2021. 
https://www.iea.org/reports/direct-air-capture 
 
39 Carbon Engineering technical detail on diverting captured carbon to make specialized low-carbon fuels. 
https://carbonengineering.com/our-technology/ 
 
For academic source: Noah McQueen et al 2021 Prog. Energy 3 032001. “A review of direct air capture 
(DAC): scaling up commercial technologies and innovating for the future.” 16 April, 2021. 
https://iopscience.iop.org/article/10.1088/2516-1083/abf1ce 
 
40 Scientific American. “The Discovery of Global Warming.” S. Weart. 17 August, 2012. 
https://www.scientificamerican.com/article/discovery-of-global-warming/ 
 
41 U.S. Department of Energy. National Energy Technology Laboratory (NETL). “Plasma Gasification.” No 
author or date provided. https://netl.doe.gov/research/Coal/energy-
systems/gasification/gasifipedia/westinghouse 
 
42 Background reading on synthetic hydrocarbons / synthetic fuels. 
https://en.wikipedia.org/wiki/Synthetic_fuel 
Specific reading on hydrogenation: 
https://en.wikipedia.org/wiki/Synthetic_fuel#Hydrogenation_processes 
 
43 A. Sanlisoy, M.O. Carpinlioglu. “A review on plasma gasification for solid waste disposal.” International 
Journal of Hydrogen Energy. Volume 42, Issue 2, 2017. Pages 1361-1365. ISSN 0360-3199. 
https://doi.org/10.1016/j.ijhydene.2016.06.008. 
 
Background reading on Plasma Gasification: https://en.wikipedia.org/wiki/Plasma_gasification 
44 Power Technology Magazine. “Vogtle Electric Generating Plant, Burke County, Georgia.” No author or date 
provided. https://www.power-technology.com/projects/vogtle-electric-generating-plant-georgia/ 
 
Georgia Power. Plate Vogtle 3 and 4: Project Update. https://www.georgiapower.com/company/plant-
vogtle.html 
 
45 Power Technology Magazine. “Vogtle Electric Generating Plant, Burke County, Georgia.” No author or date 
provided. https://www.power-technology.com/projects/vogtle-electric-generating-plant-georgia/ 
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Georgia Power. Plate Vogtle 3 and 4: Project Update. https://www.georgiapower.com/company/plant-
vogtle.html 
 
46 The USS Guardfish suffered a coolant leak in 1973 due to human error. No other accident from U.S.N 
reactors have occurred to public knowledge. https://en.wikipedia.org/wiki/USS_Guardfish_(SSN-
612)#1973_Reactor_Accident  
 
47 Commercial jets travel between 460-575mph at 36,000 feet. Flight Deck Friend. “How fast to passenger jets 
fly?” https://www.flightdeckfriend.com/ask-a-pilot/how-fast-do-commercial-aeroplanes-fly 
 
48 Airbus. “The A320 Family: the most successful aircraft family ever.” January 2022. 
https://www.airbus.com/sites/g/files/jlcbta136/files/2022-01/EN-Airbus-A320-Facts-and-Figures-January-
2022.pdf 
 
49 The Post and Courier. "Pace of 787 Dreamliner production quickens and Boeing's North Charlson 
campus." D. Wren. 1 April, 2018. https://www.postandcourier.com/business/pace-of-dreamliner-
production-quickens-at-boeing-s-north-charleston/article_02b584ea-3384-11e8-a3d4-ff9ca36dc590.html 
 
50 According to Budweiser and several sources, it takes Anheuser-Busch approximately 30 days to brew a 
bottle of beer. https://www.cnbc.com/2008/07/02/Brewing-the-King-of-Beers.html /  
 
51 National Geographic. “Great Pacific Garbage Patch.” 
https://education.nationalgeographic.org/resource/great-pacific-garbage-patch 
 
NOAA. “Garbage Patches: How Gyres Take Our Trash Out To Sea.” 
https://oceanservice.noaa.gov/podcast/mar18/nop14-ocean-garbage-patches.html 
 
52 The Ocean Cleanup Project is an organization attempting to clean oceans by way of floating sieves that 
collect ocean trash for disposal. https://theoceancleanup.com/oceans/ 
 
53 Walton, Rod (9 August 2018). "Vogtle Cost Upgrade Causes Rethinking of $25B Nuclear Plant's Future." 
Power Engineering. Retrieved 16 August 2018. $25B for a 2300 MW reactor arrives at ~10.89MM per 
megawatt. Additional background reading here: 
https://en.wikipedia.org/wiki/Vogtle_Electric_Generating_Plant  
 
54 According to NuScale power, an SMR has an overnight cost of $3.6MM per megawatt of generating 
capacity. NuScale Power. “NuScale’s Affordable SMR Technology for All.” 
https://www.nuscalepower.com/newsletter/nucleus-spring-2020/featured-topic-cost-competitive 
 
This is within range of the University of Chicago’s EPIC (Energy Policy Institute at Chicago)’s paper 
“Small Modular Reactors – Key to Future Nuclear Power Generation in the U.S.”, R. Rosner, S. Goldberg, 
November 2011 (P.9), which was an addendum to the University of Chicago’s Economic Future Of Nuclear 
Power report, 2004, which estimated SMR technology to be significantly lower, some 2,000/MW.  
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55 Our World in Data. “Leaning Curves: What does it mean for a technology to follow Wright’s law?” M. Roser. 
18 April, 2023. https://ourworldindata.org/learning-curve 
 
56 Background reading on the nuclear power debate. 
https://en.wikipedia.org/wiki/Nuclear_power_debate 
 
57 Contemporary media has significant volumes of dis/misinformation in criticism of nuclear power, 
specifically that it is dangerous, that radioactive waste is pervasive and/or unmanageable, and nuclear 
power inherently carries a proliferation risk. 
 
Nuclear Energy Agency. “Addressing the challenges of misinformation.” No date or author provided. 
https://www.oecd-nea.org/jcms/pl_58232/addressing-the-challenges-of-misinformation 
 
Forbes magazine. “Natural goas industry blasts nuclear power with fake news.” J. Conca. 15 June, 2017. 
https://www.forbes.com/sites/jamesconca/2017/06/15/natural-gas-industry-blasts-nuclear-power-with-
fake-news/?sh=62bebe7f133b 
 
See also: https://en.wikipedia.org/wiki/Anti-nuclear_movement  
 
58 U.S. Department of Energy. "Quadrennial Technology Review." Table 10.4: Range of materials 
requirements (fuel excluded) for various electricity generation technologies." September, 2015. 
https://www.energy.gov/sites/prod/files/2017/03/f34/qtr-2015-chapter10.pdf Hosted directly: 
https://nextgiantleap.org/sites/default/files/source_files/quadrennial-technology-review-2015.pdf 

59 International Energy Agency. 2021 World Energy Outlook Special Report: The Role of Critical Minerals in 
Clean Energy Transitions,https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-
transitions 
 
60 U.S. Environmental Protection Agency. “EPA Releases Briefing Paper on Renewable Energy Waste 
Management.” 6 January, 2021. https://www.epa.gov/newsreleases/epa-releases-briefing-paper-renewable-
energy-waste-management 
 
61 On an annual basis, the United States consumes 1.4 billion gallons of diesel fuel (equivalent to 57 billion 
kWh) and 135 billion gallons of gasoline (equivalent to 5 trillion kWh). U.S. Energy Information 
Administration. “How much gasoline does the United States consume?” 
https://www.eia.gov/tools/faqs/faq.php?id=23&t=10. “Diesel fuel explained.” 
https://www.eia.gov/energyexplained/diesel-fuel/use-of-diesel.php 
 
62 On an annual basis, the United States consumes 32.26 trillion cubic feet of natural gas (2022). Statista. 
“Consumption of natural gas in the United States from 1995 to 2022.” 
https://www.statista.com/statistics/184329/energy-consumption-from-natural-gas-in-the-us-from-1995/ 
 
A cubic foot of natural gas is equivalent to 0.13 kilowatt-hours. Energy Information Administration. “How 
much coal, natural gas, or petroleum is used to generate a kilowatthour of electricity?” 
https://www.eia.gov/tools/faqs/faq.php?id=667&t=8 
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32.26 trillion ft3 of natural gas, at 0.13kWh per ft3 , translates to 4.194 trillion kWh.  
 
63 Statista. “Annual solar module production globally from 2000 to 2022.” 
https://www.statista.com/statistics/668764/annual-solar-module-manufacturing-globally/ 
 
64 At 16,477 metric tons per terawatt-hour, the threshold of 4,050 TWh would be 66,731,850 metric tons 
per year. Over 20 years, this would derive a material throughput of 1.34 billion metric tons.  
 
65 At 16,477 metric tons per terawatt-hour, the threshold of 10,000 TWh would be 164,770,000 metric tons 
per year. Over 20 years, this would derive a material throughput of 3.3 billion metric tons. 
 
66 At 16,477 metric tons per terawatt-hour, the threshold of 14,000 TWh would be 230,678,000 metric tons. 
Over 20 years, this would derive a material throughput of 4.61 billion metric tons.  
 
67 Statista. “Cumulative installed wind power capacity worldwide from 2001 to 2022.” 
https://www.statista.com/statistics/268363/installed-wind-power-capacity-worldwide/ 
 
68 Wind Turbines function at varying speeds of wind, typically around 30 to 50mph as per 
https://www.wind-watch.org/faq-output.php. According to this source: “At slower wind speeds, the 
production falls off dramatically. If the wind speed decreases by half, power production decreases by a 
factor of eight. On average, therefore, wind turbines do not generate near their capacity. Industry 
estimates project an annual output of 30-40%, but real-world experience shows that annual outputs of 15-
30% of capacity are more typical. 
 
With a 25% capacity factor, a 2-MW turbine would produce: 2 MW × 365 days × 24 hours × 25% = 4,380 
MWh = 4,380,000 kWh.”  
 
To annually generate 4.05 trillion kWh, we would therefore need 924,657 turbines at this performance 
threshold. 
 
At 10,260 tonnes per terawatt-hour, 4,050 TWh would present a material throughput of 41,553,000 metric 
tons. Over 20 years, this would derive a material throughput of 831,060,000 metric tons.  
 
69 Building off the figures in the prior citation, a generational threshold of 10,000 TWh would present the 
need for 2,283,105 wind turbines at this performance threshold. At 10,260 tonnes per terawatt-hour, this 
would present a material throughput of 102,600,000 metric tons. Over 20 years, this would derive a 
material throughput of 2.05 billion metric tons.  
 
70 Building off the figures in the prior citations, a generational threshold of 14,000 TWh would present the 
need for 3,196,347 wind turbines at this performance threshold. At 10,260 tonnes per terawatt-hour, this 
would present a material throughput of 143,640,000 metric tons. Over 20 years, this would derive a 
material throughput of 2.87 billion metric tons.  
 
71 Visual Capitalist. All the Metals we Mined In One Chart. https://elements.visualcapitalist.com/wp-
content/uploads/2021/09/all-of-the-metals-one-visualization.html 
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72 According to the DOE Quadrennial Technology Review 2015, Solar PV requires 850 metric tons 
(tonnes) of copper per TWh. At 4,050 TWh, this results in 3,442,500 metric tons. Over a 10 year timespan, 
this results in 34,425,000 metric tons.  
 
73 Statista. “Mine production of copper worldwide from 2010 to 2023.” 
https://www.statista.com/statistics/254839/copper-production-by-country/ 
 
74 Nature Journal. (Editorial). “Lithium-ion batteries need to be greener and more ethical.” 29 June, 2021. 
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Forbes Magazine. “If Solar Panels Are So Clean, Why Do They Produce So Much Toxic Waste?” M. 
Shellenberger, contributor. 23 May, 2018. 
https://www.forbes.com/sites/michaelshellenberger/2018/05/23/if-solar-panels-are-so-clean-why-do-they-
produce-so-much-toxic-waste/#175aff0e121c 

The Verge Magazine. “More solar panels mean more waste and there’s no easy solution.” A. Chen. 25 October, 
2018. https://www.theverge.com/2018/10/25/18018820/solar-panel-waste-chemicals-energy-environment-
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https://www.smithsonianmag.com/science-nature/environmental-disaster-gold-industry-180949762/ 
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Energy Fact Sheet: Wind Turbines.” (August, 2013).  
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In this context, it’s important to note that uranium-235 (standard weapons grade isotope) can be sourced 
from seawater, presenting a far easier pathway to access than weaponizing the thorium fuel cycle. 
(https://www.forbes.com/sites/jamesconca/2016/07/01/uranium-seawater-extraction-makes-nuclear-
power-completely-renewable/). Simply stated: if a state-level entity has the capability to weaponize 
thorium, they could already have done so with easier methods at greater effect.  
  
91 National Center for Policy Analysis. “The Potential of Thorium for Safer, Cleaner and Cheaper Energy.” X. 
Zou, J. Barnett. September, 2014. Issue Brief No. 149. http://www.ncpathinktank.org/pdfs/ib149.pdf 
 
Additional data can be found via Thorium: Energy Cheaper than Coal. R. Hargraves, ISBN(s) 1478161299, 
9781478161295. 
 
 



 89 

 
92 Overview of pressurized water reactors, noting pressure of 160 bar and heat of 400°C, significantly 
lower than a LFTR for process heat. 
https://en.wikipedia.org/wiki/Pressurized_water_reactor#Disadvantages 
 
93 Overview of LFTR with freezing temperatures: 
https://en.wikipedia.org/wiki/Liquid_fluoride_thorium_reactor#Disadvantages 
 
94 Overview of LFTR breeding: 
https://en.wikipedia.org/wiki/Liquid_fluoride_thorium_reactor#Breeding_basics 
 
95 Overview of LFTR consumption of weapons-grade materials, c/o FLiBE energy - https://flibe-
energy.com/lftr/ 
 
96 American Physical Society. “Liquid Fuel Nuclear Reactors.” R. Hargraves, R. Moir. January, 2011. 
https://www.aps.org/units/fps/newsletters/201101/hargraves.cfm 
97 S.F. Ashley, B.A. Lindley, G.T. Parks, et al, “Fuel Cycle modelling of open cycle thorium fueled nuclear 
energy systems.” Annals of Nuclear Energy. V. 69, pp.314-330. July, 2014. 
 
98 U.S. Nuclear Regulatory Commission - https://www.nrc.gov/reading-rm/doc-collections/fact-
sheets/radwaste.html 
 
99 World Nuclear Association. “Military Warheads as a Source of Nuclear Fuel.” https://world-
nuclear.org/information-library/nuclear-fuel-cycle/uranium-resources/military-warheads-as-a-source-of-
nuclear-fuel.aspx 
 
100 “The Thorium Fuel Cycle. An independent assessment by the UK National Nuclear Laboratory.” August, 
2010. https://www.nnl.co.uk/wp-
content/uploads/2019/01/nnl__1314092891_thorium_cycle_position_paper.pdf#p6  
 
101 “Neptunium 237 and Americium: World Inventories and Proliferation Concerns.” D. Albright and K. 
Kramer. July 10, 2005. http://isis-online.org/uploads/isis-
reports/documents/np_237_and_americium.pdf#p14 
 
102 Atomic Archive. “Effects of radiation levels on the human body.” No date provided. 
http://www.atomicarchive.com/Effects/radeffectstable.shtml 
 
103 Background on prior tests with uranium-232 https://en.wikipedia.org/wiki/Uranium-
233#Weapon_material. 
 
104 https://www.forbes.com/sites/jamesconca/2016/07/01/uranium-seawater-extraction-makes-nuclear-
power-completely-renewable/). 
 
105 Engineering toolbox is a fantastic site to help calculate various engineering-related formulas. In the 
case of water: https://www.engineeringtoolbox.com/energy-storage-water-d_1463.html 
 
106 The U.S. consumed 3,930 trillion kilowatt hours in 2021. 243 billion kwh is 1/16th of that. 
 



 90 

 
 https://www.statista.com/statistics/201794/us electricity-consumption-since-1975/. 
 
107 For resource scarcity-specific rationale and citations, see Part III of this document “Why We Will 
Succeed.” 
 
108 Vox Magazine. “This company wants to build a giant indoor farm next to every major city in the world.” D. 
Roberts. 11 April, 2018. https://www.vox.com/energy-and-environment/2017/11/8/16611710/vertical-
farms 
 
Agriculture, Technology and Investment News. “Vertical farming startup plenty acquires bright 
aggrotech to scale.” E. Cosgrove. 13 June, 2017. https://agfundernews.com/breaking-vertical-farming-
startup-plenty-acquires-bright-agrotech-scale.html 
 
AG Funder News “The Economics of Local Vertical and Greenhouse Farming Are Getting Competitive.” 
P. Tasgal, 3 April, 2019. https://agfundernews.com/the-economics-of-local-vertical-and-greenhouse-
farming-are-getting-competitive.html 
 
109 Agriculture, Technology and Investment News. “Vertical farming startup plenty acquires bright 
aggrotech to scale.” E. Cosgrove. 13 June, 2017. https://agfundernews.com/breaking-vertical-farming-
startup-plenty-acquires-bright-agrotech-scale.html 
 
AG Funder News “The Economics of Local Vertical and Greenhouse Farming Are Getting Competitive.” 
P. Tasgal, 3 April, 2019. https://agfundernews.com/the-economics-of-local-vertical-and-greenhouse-
farming-are-getting-competitive.html 
 
110 Agriculture, Technology and Investment News. “Vertical farming startup plenty acquires bright 
aggrotech to scale.” E. Cosgrove. 13 June, 2017. https://agfundernews.com/breaking-vertical-farming-
startup-plenty-acquires-bright-agrotech-scale.html 
 
111 Michigan State University Extension. “Urban farming practices developed in France in 1850 still are 
used in cities today.” R. Bell. 20 June, 2013. 
http://msue.anr.msu.edu/news/urban_farming_practices_developed_in_france_in_1850_still_are_used_in
_citie 
 
112 Background reading on chlorella: https://en.wikipedia.org/wiki/Chlorella 
 
113 Background reading on chlorella: https://en.wikipedia.org/wiki/Chlorella 
 
114 Oladapo Martins Adeniyi, Ulugbek Azimov, Alexey Burluka, “Algae biofuel: Current status and future 
applications, Renewable and Sustainable Energy Reviews,” 
Volume 90,2018,Pages 316-335,ISSN 1364-0321,https://doi.org/10.1016/j.rser.2018.03.067. 
 
115 Smithsonian Magazine. “Scientists Turn Algae into Crude Oil in Less Than an Hour.” T. Nguyen. 31 
December, 2013. https://www.smithsonianmag.com/innovation/scientists-turn-algae-into-crude-oil-in-
less-than-an-hour-180948282/?no-ist 
 
 



 91 

 
L. Christenson, R. Sims, “Production and harvesting of microalgae for wastewater treatment, biofuels, 
and bioproducts.” Journal of Biotechnology Advances. Vol 29, Issue 6. December 2011. Pp 686-702. 
https://doi.org/10.1016/j.biotechadv.2011.05.015 
 
116 B. Mooney. “The second green revolution? Production of plant-based biodegradable plastics.” Biochem 
J (2009) 418 (2): 219–232. https://doi.org/10.1042/BJ20081769 
 
Smithsonian Magazine. “Scientists Turn Algae into Crude Oil in Less Than an Hour.” T. Nguyen. 31 
December, 2013. https://www.smithsonianmag.com/innovation/scientists-turn-algae-into-crude-oil-in-
less-than-an-hour-180948282/?no-ist 
 
L. Christenson, R. Sims, “Production and harvesting of microalgae for wastewater treatment, biofuels, 
and bioproducts.” Journal of Biotechnology Advances. Vol 29, Issue 6. December 2011. Pp 686-702. 
https://doi.org/10.1016/j.biotechadv.2011.05.015 
 
117 United States Air Force. “The Air Force Partners with Twelve, Proves it’s Possible to Make Jet Fuel Out of 
Thin Air.” C. Poland, Air Force Operational Energy. 22 October, 2021. https://www.af.mil/News/Article-
Display/Article/2819999/the-air-force-partners-with-twelve-proves-its-possible-to-make-jet-fuel-out-of/ 
 
118 S&P Global. “Bioplastics offer a smaller carbon footprint.” M. Hackett, 20 November 2018. 
https://ihsmarkit.com/research-analysis/bioplastics-offer-a-smaller-carbon-footprint.html 
 
119 See: Nanocomposite plastics, high-strength polyurethane, FR-4. Internal data with inline-citations for 
each: https://nextgiantleap.org/scarcity-zero/chapters/chapter-ten-materials-and-recycling 
 
120 Plastic wood has become increasingly viable as a byproduct of polymer downcycling. Example: 
https://www.ecoplasticwood.com/product-range/plastic-wood-lumber/ 
 
121 F. K. Alqahtanim I. Zafar, “Plastic-based sustainable synthetic aggregate in Green Lightweight concrete – A 
review,” Construction and Building Materials, Volume 292, 2021,123321, ISSN 0950-0618, 
https://doi.org/10.1016/j.conbuildmat.2021.123321. 
 
122 Synthetic concrete, FR4, nanocomposite plastics, high-strength polyurethane are examples of materials 
with significantly higher performance thresholds than standard building materials of Portland cement, 
wood, drywall, OSB, plywood, etc. https://nextgiantleap.org/scarcity-zero/chapters/chapter-ten-materials-
and-recycling 
 
123 Columbia University News. “Columbia Engineers Prove Graphene is the Strongest Material.” 21 July, 
2008. http://www.columbia.edu/cu/news/08/07/graphene.html 
Graphenea corporation. “Properties of Graphene.” J. Fuente. 
https://www.graphenea.com/pages/graphene-properties#.XZ7FJudKhTY 
 
124 Q. Ke. J. Wang. “Graphene-based materials for supercapacitor electrodes – a review.” Journal of 
Materiomics, Volume 2, Issue 1. March, 2016. https://doi.org/10.1016/j.jmat.2016.01.001 
 
 



 92 

 
Graphenea corporation. “Properties of Graphene.” J. Fuente. 
https://www.graphenea.com/pages/graphene-properties#.XZ7FJudKhTY 
 
125 Q. Ke. J. Wang. “Graphene-based materials for supercapacitor electrodes – a review.” Journal of 
Materiomics, Volume 2, Issue 1. March, 2016. https://doi.org/10.1016/j.jmat.2016.01.001 
 
Graphenea corporation. “Properties of Graphene.” J. Fuente. 
https://www.graphenea.com/pages/graphene-properties#.XZ7FJudKhTY 
 
126 Android Community. “Samsung Producing Graphene, the Material for Flexible Displays.” N. 
Swanner. 4 April, 2014. https://androidcommunity.com/samsung-producing-graphene-the-material-for-
flexible-displays-20140404/ 
 
127 Q. Ke. J. Wang. “Graphene-based materials for supercapacitor electrodes – a review.” Journal of 
Materiomics, Volume 2, Issue 1. March, 2016. https://doi.org/10.1016/j.jmat.2016.01.001 
 
MIT Technology Review. “Graphene Antennas Would Enable Terabit Wireless Downloads.” D. Talbot. 5 
March, 2013. https://www.technologyreview.com/s/511726/graphene-antennas-would-enable-terabit-
wireless-downloads/ 
 
128 MedGadget. “Graphene: The Next Medical Revolution.” R. Peleg. 20 May, 2015. 
http://www.medgadget.com/2015/05/graphene-next-medical-revolution.html 
 
129 Bigthink. “Graphene typically costs $200,00 per ton. Now, scientists can make it from scratch.” 31 January, 
2020. https://bigthink.com/the-present/flash-graphene/ 
 
130 University of Washington. "Transforming titanium with 3D printing." C. Yates. 28 October, 2019.  
https://www.engr.washington.edu/news/article/2019-10-28/transforming-titanium-with-3D-printing 
  
Advanced Science News. "A new copper-titanium alloy enables 3D printing." M. Grolms. 3 February, 
2020.  
https://www.advancedsciencenews.com/a-new-copper-titanium-alloy-enables-3d-printing/  
 
MarkForged Corporation. “Complete 3D Metal Printing Solution.” https://markforged.com/metal-x/ 
 
131 Science Direct. “Selective Laser Melting.” Myriad articles of varying dates. 
https://www.sciencedirect.com/topics/materials-science/selective-laser-melting 
 
University of Washington. "Transforming titanium with 3D printing." C. Yates. 28 October, 2019.  
https://www.engr.washington.edu/news/article/2019-10-28/transforming-titanium-with-3D-printing 
 
132 B. Nagarajan, Z.Hu, X. Song, W. Zhai, J. Wei, “Development of Micro Selective Laser Melting: The 
State of the Art and Future Perspectives,” Engineering, Volume 5, Issue 4, 2019, Pages 702-720, ISSN 2095-
8099, https://doi.org/10.1016/j.eng.2019.07.002. 
 
 



 93 

 
133 Wired Magazine. “Meet the man who built a 30-story building in 15 days.” L. Hilgers. 25 September, 2012. 
https://www.wired.com/2012/09/broad-sustainable-building-instant-skyscraper/ 
 
134 Additional applications of Graphene’s potential for interwoven use in vehicles as part of Scarcity Zero 
is explored, with additional cited data, via internal sources: https://nextgiantleap.org/scarcity-
zero/chapters/chapter-ten-materials-and-recycling?page=0%2C1 
 
135 See Reaction Engine Company’s SABRE SSO engine: https://reactionengines.co.uk/advanced-
propulsion/sabre/ 
 
136 See: https://en.wikipedia.org/wiki/Space_elevator 
 
137 Reuters. “Capitalism seen doing ‘more harm than good’ in global survey.” M. John, 19 January, 2020. 
https://www.reuters.com/article/us-davos-meeting-trust/capitalism-seen-doing-more-harm-than-good-in-
global-survey-idUSKBN1ZJ0CW 
 
138 Small Business Administration. “Terms, conditions, and eligibility.” 
https://www.sba.gov/partners/lenders/7a-loan-program/terms-conditions-eligibility 
 
139 Canada is the United States’ largest trading partner, and we share a 3,000-mile border with them. We 
also closely cooperate in terms of law enforcement, national security, tax policy and power/resource 
sharing. Considering that multiple Canadian firms operate in the sectors relevant to our work, we would 
advocate including Canadian citizens and companies in PIP frameworks.  
 
140 KPMG accounting services. “IFRS vs. US GAAP: R&D costs.” 
https://advisory.kpmg.us/articles/2017/ifrs-vs-us-gaap-rd-costs.html 
 
141 Adding up the aggregate budget outlays from year 2000 to year 2021 returns a sum of 
https://en.wikipedia.org/wiki/United_States_federal_budget#Total_outlays_in_recent_budget_submissio
ns 
 
142 Overview of annual state budgets: https://en.wikipedia.org/wiki/List_of_U.S._state_budgets. In 
aggregate, the total sum is ~$2.4 trillion per year, which over a 22 year period easily eclipses the $10 
trillion threshold.  
 
143 U.S. News & World Report. “American Quality of Life Declines Over Past Decade.” D. Haynie. 11 
September, 2020 
https://www.usnews.com/news/best-countries/articles/2020-09-11/a-global-anomaly-the-us-declines-in-
annual-quality-of-life-report 
 
144  
 
145 Organization for Economic Cooperation and Development (OECD). “OECD Data – Poverty rate.” 
https://data.oecd.org/inequality/income-inequality.htm 
 
 



 94 

 
146 Statista – Poverty rate in the United States from 1990 to 2022. In year 2000, the poverty rate was 11.5%. 
In 2023, it is 11.3%. https://www.statista.com/statistics/200463/us-poverty-rate-since-1990/ 
 
147 Organization for Economic Cooperation and Development (OECD). “OECD Data – Income 
Inequality.” https://data.oecd.org/inequality/income-inequality.htm 
 
148 Peterson-KFF, “Health System Tracker,” https://www.healthsystemtracker.org/chart-collection/health-
spending-u-s-compare-countries-2/ 
 
149 Forbes Magazine. “America spends more on college than virtually any other country.” P. Cooper. 22 
September, 2019. https://www.forbes.com/sites/prestoncooper2/2019/09/22/america-spends-more-on-
college-than-virtually-any-other-country/?sh=3e58a23e3348 
Earnest financial. “What does college cost around the world?” E. Gellerman. 19 July, 2021. 
https://www.earnest.com/blog/college-costs-around-the-world/ 
 
150 Economic Policy Institute. “CEO Pay has skyrocketed 1,322% since 1978.” L. Mishel, J. Kandra. 10 August, 
2021. https://www.epi.org/publication/ceo-pay-in-2020/ 
 
151 The Commonwealth Fund. “Maternal mortality and maternity care in the United States compared to 10 other 
developed countries.” R. Tikkanen, M. Gunja, M. Fitzgerald, L. Zephyrin. 18 November, 2020. 
https://www.commonwealthfund.org/publications/issue-briefs/2020/nov/maternal-mortality-maternity-
care-us-compared-10-countries 
 
152 Organization for Economic Cooperation and Development (OECD). “OECD Data – Life expectancy at 
Birth.” https://data.oecd.org/healthstat/life-expectancy-at-birth.htm 
 
The Hill. “One thing Americans can’t deny: The Nation’s Low Life Expectancy.” J. Chamie. 1 December, 2021. 
https://thehill.com/opinion/healthcare/583743-one-thing-americans-cant-deny-the-nations-low-life-
expectancy 
 
153  
154  
155  
156  
157 90% of desktop operating systems are proprietary (Windows or MacOS). https://gs.statcounter.com/os-
market-share/desktop/worldwide 
 
158 Statista. Projected revenue of open source services. 
https://www.statista.com/statistics/270805/projected-revenue-of-open-source-software-since-2008/ 
 
159 Statcounter. Mobile Operating System Market Share Worldwide. September 2021. 
https://gs.statcounter.com/os-market-share/mobile/worldwide/#monthly-202109-202109-bar 
 
160 Top500 supercomputer project. 100% of the top 500 supercomputers run on Linux. 
https://www.top500.org/lists/top500/2020/11/  
 
 



 95 

 
161 Hosting Tribunal. 111+ Linux Statistics. 9 August, 2021. https://hostingtribunal.com/blog/linux-
statistics/ 
 
162 Hosting Tribunal. 111+ Linux Statistics. 9 August, 2021. https://hostingtribunal.com/blog/linux-
statistics/. 66% of web servers, 85%+ of server-side languages, 98%+ of client-side languages and more 
than 50% of all database servers + query languages 
 
163 Nature 509 (7501), 405. M. Khabsa, C. Lee Giles (2014) The Number of Scholarly Documents on the 
Public Web. https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0093949 
 
164 Newman’s Own Foundation. https://newmansown.com/mission/ 
 
165  
166 Habitat for Humanity. “At a time when a safe and healthy home has never been more important, Habitat for 
Humanity serves 5.9 million more people through new or improved housing.” 17 November, 2020. 
https://www.habitat.org/newsroom/2020/time-when-safe-and-healthy-home-has-never-been-more-
important-habitat-humanity-serves 
 
167 Habitat for Humanity. “Apply for a Habitat house.” https://www.habitat.org/housing-help/apply  
 
168 Overview of the largest wealthiest charitable foundations. 
https://en.wikipedia.org/wiki/List_of_wealthiest_charitable_foundations 
 
169 Big Life Foundation. https://biglife.org/ 
 
170  
171 World Health Organization. “Lack of Sanitation for 2.4 Billion People is Undermining Health 
Improvements.” https://www.who.int/news/item/30-06-2015-lack-of-sanitation-for-2-4-billion-people-is-
undermining-health-improvements 
 
U.N. “Water Cooperation facts and figures.” Archived: http://www.unwater.org/water-cooperation-
2013/water-cooperation/facts-and-figures/en/ 
 
172 Unicef. “Water Scarcity: Addressing the glowing lack of available water to meet children’s needs.” 
https://www.unicef.org/wash/water-scarcity 
 
173 World Economic Forum. “Global freshwater demand will exceed supply 40% by 2030, experts warn.” 22 
March, 2023. https://www.weforum.org/agenda/2023/03/global-freshwater-demand-will-exceed-supply-
40-by-2030-experts-warn/ 
 
 NPR. “Billions of people lack access to clean drinking water, U.N. Report finds.” S. Bayram. 22 March, 
2023. https://www.npr.org/2023/03/22/1165464857/billions-of-people-lack-access-to-clean-drinking-water-
u-n-report-finds 
 
United Nations Water Development Report 2023. 
https://www.unesco.org/reports/wwdr/2023/en/download 
 



 96 

 
 
Newsweek Magazine. “The Race to Buy Up the World’s Water.” J. Interlandi. 8 October, 2010. 
http://www.newsweek.com/race-buy-worlds-water-73893 
 
174 Goldman Sachs. “Sustainable Growth: Taking a Deep Dive into Water.” A. Cohen, R. Siu. 8 May, 2013. 
https://www.goldmansachs.com/insights/clean-technology-and-renewables/cohen/report.pdf 
 
175 NASA. “Study: Third of Big Groundwater Basins in Distress.” 16 June, 2015. 
https://www.jpl.nasa.gov/news/news.php?feature=4626 
 
NASA. “Getting at groundwater with gravity.” G. Hicks. Last updated 6 January, 2020. 
https://earthdata.nasa.gov/learn/sensing-our-planet/getting-at-groundwater-with-gravity 
 
176 National Geographic. “If You Think the Water Crisis Can’t Get Worse, Wait Until the Aquifers are 
Drained.” D. Dimick. 21 August, 2014. 
 
New York Times. “Beneath California Crops, Groundwater Crisis Grows.” J. Gillis, M. Richtel. 5 April, 
2015. https://www.nytimes.com/2015/04/06/science/beneath-california-crops-groundwater-crisis-
grows.html?_r=0 
 
177 New York Times. “Beneath California Crops, Groundwater Crisis Grows.” J. Gillis, M. Richtel. 5 April, 
2015. https://www.nytimes.com/2015/04/06/science/beneath-california-crops-groundwater-crisis-
grows.html?_r=0 
  
Washington Post. “California’s Terrifying Climate Forecast: It Could Face Droughts Nearly Every Year.” 
D. Fears. 2 March, 2015. https://www.washingtonpost.com/news/energy-
environment/wp/2015/03/02/californias-terrifying-forecast-in-the-future-it-could-face-droughts-nearly-
every-year/?utm_term=.2c407783c5b8 
 
178 The Mercury News. “Current drought is worst in 1,200 years in California and the American west, new study 
shows.” P. Rogers. 14 February, 2022. https://www.mercurynews.com/2022/02/14/current-drought-is-
worst-in-1200-years-in-california-and-the-american-west-new-study-shows/ 
 
New York Times. “Beneath California Crops, Groundwater Crisis Grows.” J. Gillis, M. Richtel. 5 April, 
2015. https://www.nytimes.com/2015/04/06/science/beneath-california-crops-groundwater-crisis-
grows.html?_r=0 
 
179 New York Times. “Rural Water, Not City Smog, May be China’s Pollution Nightmare.” C. Buckley, V. Piao. 
11 April, 2016. https://www.nytimes.com/2016/04/12/world/asia/china-underground-water-pollution.html 
 
South China Morning Post. “80 per cent of groundwater in China’s major river basins is unsafe for humans, 
study reveals.” https://www.scmp.com/news/china/policies-politics/article/1935314/80-cent-groundwater-
chinas-major-river-basins-unsafe 
 
D. Shemie, K. Vigerstol, M. Quan, et al. “China Urban Water Blueprint.” The Nature Conservancy. 2016. 
 



 97 

 
https://www.nature.org/content/dam/tnc/nature/en/documents/Urban_Water_Blueprint_Region_China.p
df 
 
180 New York Times. “Rural Water, Not City Smog, May be China’s Pollution Nightmare.” C. Buckley, V. Piao. 
11 April, 2016. https://www.nytimes.com/2016/04/12/world/asia/china-underground-water-pollution.html 
 
South China Morning Post. “80 per cent of groundwater in China’s major river basins is unsafe for humans, 
study reveals.” https://www.scmp.com/news/china/policies-politics/article/1935314/80-cent-groundwater-
chinas-major-river-basins-unsafe 
 
D. Shemie, K. Vigerstol, M. Quan, et al. “China Urban Water Blueprint.” The Nature Conservancy. 2016. 
https://www.nature.org/content/dam/tnc/nature/en/documents/Urban_Water_Blueprint_Region_China.p
df 
 
181 NASA. “NASA Satellites Unlock Secret to India’s Vanishing Water.” 12 August, 2009. 
https://www.nasa.gov/topics/earth/features/india_water.html 
 
New York Times. “India’s Water Crisis.” Editorial board. 3 May, 2016. 
https://www.nytimes.com/2016/05/04/opinion/indias-water-crisis.html 
 
The Guardian. “Armed guards at India’s dams as drought grips country.” A. France-Presse. 2 May, 2016. 
https://www.theguardian.com/world/2016/may/02/armed-guards-at-indias-dams-as-drought-grips-
country 
 
182 New York Times. “India’s Water Crisis.” Editorial board. 3 May, 2016. 
https://www.nytimes.com/2016/05/04/opinion/indias-water-crisis.html 
 
The Guardian. “Armed guards at India’s dams as drought grips country.” A. France-Presse. 2 May, 2016. 
https://www.theguardian.com/world/2016/may/02/armed-guards-at-indias-dams-as-drought-grips-
country 
 
 
183 The Times of India. “80% of India’s Surface Water May Be Polluted, Report by International Body Says.” S. 
Deyl. 28 June, 2015. https://timesofindia.indiatimes.com/home/environment/pollution/80-of-Indias-
surface-water-may-be-polluted-report-by-international-body-says/articleshow/47848532.cms 
 
184 The Hindu. “Untreated Sewage Flow is Killing Indian Rivers, Says New Study.” AFP. 6 March, 2013. 
http://www.thehindu.com/todays-paper/tp-in-school/untreated-sewage-flow-is-killing-indian-rivers-
says-new-study/article4480149.ece 
 
185 UNICEF. “Nearly one third of Nigerian children do not have enough water to meet their daily needs.” 
https://www.unicef.org/nigeria/press-releases/nearly-one-third-nigerian-children-do-not-have-enough-
water-meet-their-daily-needs 
 
 
 



 98 

 
186 UNICEF. Indonesia: Nearly 70% of household drinking water sources contaminated by fecal waste. 
https://www.unicef.org/indonesia/press-releases/indonesia-nearly-70-cent-household-drinking-water-
sources-contaminated-faecal-waste 
 
187  
188  
189  
190  
191  
192  
193 NOAA / Drought.gov. “U.S. Gridded Palmer Drought Severity Index (PDSI) from gridMET. 
https://www.drought.gov/data-maps-tools/us-gridded-palmer-drought-severity-index-pdsi-gridmet 
 
194 NCAR & UCAR News Center. “Climate change: Drought may threaten much of globe within 
decades.” 19 October, 2010. http://www.cgd.ucar.edu/cas/adai/news/Dai_Drought_UCAR.htm 
 
195 David I. Armstrong McKay et al, “Exceeding 1.5°C global warming could trigger multiple climate tipping 
points.” Science (2022). DOI: 10.1126/science.abn7950. www.science.org/doi/10.1126/science.abn7950 
 
196 U.N. report: “General facts regarding world fisheries,” 24 May 2010. 
http://www.un.org/depts/los/convention_agreements/reviewconf/FishStocks_EN_A.pdf 
 
197 National Geographic. “Seafood may be gone by 2048, Study Says.” J. Roach. 2 November, 2006. 
https://news.nationalgeographic.com/news/2006/11/061102-seafood-threat.html 
 
World Wildlife Fund. “Sustainable seafood.” https://www.worldwildlife.org/industries/sustainable-seafood 
 
198 United Nations World Food Programme. “2022: A year of unprecedented hunger.” 
https://www.wfp.org/global-hunger-crisis 
 
199 Macrotrends.net. Wheat prices historical chart data. https://www.macrotrends.net/2534/wheat-prices-
historical-chart-data. In August, 2006, the price of wheat was $3.79 per bushel. In August of 2022, prices 
were at $8.55.  
 
200 Macrotrends.net. Soybean prices historical chart data. https://www.macrotrends.net/2531/soybean-
prices-historical-chart-data. In August, 2006, the price of soybeans was $5.43 per bushel. In August, 2022 
it broke $17. 
 
201 Trading Economics. Rice prices historical chart data. https://tradingeconomics.com/commodity/rice. In 
August, 2006, the price of rice was $6.77 per hundredweight. In August, 2022, the price of rice had risen 
to $17.90 
 
202 Columbia University Earth Institute. “Climate change to exacerbate rising food prices.” A. Mazhirov, 
22 March, 2011. 
 
 



 99 

 
203 Oxfam Issue Briefing. “Extreme Weather, Extreme Prices. The costs of feeding a warming world.” 
September 2012. https://blogs.ei.columbia.edu/2011/03/22/climate-change-to-exacerbate-rising-food-
prices/ 
  
https://oxfamilibrary.openrepository.com/bitstream/handle/10546/241131/ib-extreme-weather-extreme-
prices-05092012-en.pdf#p7 
 
204 Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES). “Nature’s 
Dangerous Decline ‘Unprecedented’ Species Extinction Rates ‘Accelerating’.” 6 May, 2019. P. 3. 
 
205 World Economic Forum. “This is why food security matters now more than ever.” 23 November, 2020. 
https://www.weforum.org/agenda/2020/11/food-security-why-it-matters/ 
 
206  
 
207 St. Louis FRED. “Crude oil prices: West Texas Intermediate (WTI).” 
https://fred.stlouisfed.org/series/DCOILWTICO. The price of oil in 1986 was $10.25, which according to 
the CPI is equal to $28.72 as of December, 2023. The current price of oil is $73 per barrel, reaching a 10-
year high of $114.38 per barrel in May of 2022.  
 
208 Energy Information Agency. “EIA projects nearly 50% increase in world energy usage by 2050, led by growth 
in Asia.” 14 September, 2019. https://www.eia.gov/todayinenergy/detail.php?id=41433 
 
209 Energy Information Agency. “EIA projects nearly 50% increase in world energy usage by 2050, led by growth 
in Asia.” 14 September, 2019. https://www.eia.gov/todayinenergy/detail.php?id=41433 
 
210 International Energy Agency “World electricity final consumption by sector, 1974-2019” 
https://www.iea.org/reports/electricity-information-overview/electricity-consumption 
 
211 International Energy Agency “World electricity final consumption by sector, 1974-2019” 
https://www.iea.org/reports/electricity-information-overview/electricity-consumption 
 
See also: Goldman Sachs. “Sustainable Growth: Taking a Deep Dive into Water.” A. Cohen, R. Siu. 8 May, 
2013. https://www.goldmansachs.com/insights/clean-technology-and-renewables/cohen/report.pdf p#3 
 
212 World Wildlife Fund. “Living Planet Report 2018: Aiming Higher” 
https://www.worldwildlife.org/pages/living-planet-report-2018 p54. 
 
213 World Wildlife Fund. “Living Planet Report 2018: Aiming Higher” 
https://www.worldwildlife.org/pages/living-planet-report-2018 p54. 
 
214 World Wildlife Fund. “Living Planet Report 2018: Aiming Higher” 
https://www.worldwildlife.org/pages/living-planet-report-2018 p54. 
 
215 Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES). “Nature’s 
Dangerous Decline ‘Unprecedented’ Species Extinction Rates ‘Accelerating’.” 6 May, 2019. P. 3. 
 



 100 

 
 
216 U.N. Food and Agriculture Organization report. “State of the world’s forests, 2012.” 
http://www.fao.org/docrep/016/i3010e/i3010e.pdf#p23,p25,p28 
 
217 Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES). “Nature’s 
Dangerous Decline ‘Unprecedented’ Species Extinction Rates ‘Accelerating’.” 6 May, 2019. P. 3. 
 
218 World Wildlife Fund. “Living Planet Report 2018: Aiming Higher” p4 
 
219 The Guardian. “Humans just 0.01% of all life but have destroyed 83% of wild mammals – study.”  D. 
Carrington. 21 May, 2018. https://www.theguardian.com/environment/2018/may/21/human-race-just-001-
of-all-life-but-has-destroyed-over-80-of-wild-mammals-study 
 
Proceedings of the National Academy of Sciences of the United States of America. “The Biomass 
Distribution on Earth.” Y. Bar-On, R. Philips, R. Milo. 21 May, 2018. 
https://www.pnas.org/content/115/25/6506 
 
220 Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES). “Nature’s 
Dangerous Decline ‘Unprecedented’ Species Extinction Rates ‘Accelerating’.” 6 May, 2019. P. 3. 
 
The Guardian. “Humans just 0.01% of all life but have destroyed 83% of wild mammals – study.”  D. 
Carrington. 21 May, 2018. https://www.theguardian.com/environment/2018/may/21/human-race-just-001-
of-all-life-but-has-destroyed-over-80-of-wild-mammals-study 
 
Proceedings of the National Academy of Sciences of the United States of America. “The Biomass 
Distribution on Earth.” Y. Bar-On, R. Philips, R. Milo. 21 May, 2018. 
https://www.pnas.org/content/115/25/6506 
 
221 Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES). “Nature’s 
Dangerous Decline ‘Unprecedented’ Species Extinction Rates ‘Accelerating’.” 6 May, 2019. P. 3. 
 
The Guardian. “Humans just 0.01% of all life but have destroyed 83% of wild mammals – study.”  D. 
Carrington. 21 May, 2018. https://www.theguardian.com/environment/2018/may/21/human-race-just-001-
of-all-life-but-has-destroyed-over-80-of-wild-mammals-study 
 
Proceedings of the National Academy of Sciences of the United States of America. “The Biomass 
Distribution on Earth.” Y. Bar-On, R. Philips, R. Milo. 21 May, 2018. 
https://www.pnas.org/content/115/25/6506 
 
222 Background reading on T. Malthus’ Principle of Population: 
https://en.wikipedia.org/wiki/An_Essay_on_the_Principle_of_Population 
 
Background reading on The Limits to Growth: https://en.wikipedia.org/wiki/The_Limits_to_Growth 
 
223 Humanity’s population in 1972 was 3.7 billion, fewer than half of the 7.9 billion people alive today. 
Interactive world population chart provided by Our World In Data. 
 



 101 

 
https://ourworldindata.org/grapher/population?time=earliest..1972 
https://ourworldindata.org/grapher/population?time=earliest..2021 
 
224 Interactive world population chart provided by Our World In Data. 
https://ourworldindata.org/grapher/population?time=earliest..1914 
 
225 As of August 21, 2022, the world population is at 7.969 billion people as per 
https://www.worldometers.info/world-population/ 
 
United Nations. “World population projected to reach 9.8 billion in 2050 and 11.2 billion in 2100,” World 
Population Prospects: The 2017 Revision https://www.un.org/en/desa/world-population-projected-reach-
98-billion-2050-and-112-billion-2100 
 
226 Statista. “The 20 countries with the highest population growth rate in 2021.” 
https://www.statista.com/statistics/264687/countries-with-the-highest-population-growth-rate/ 
 
Asian Development Bank. “How South Asia can continue as world’s fastest growing subregion.” L. Song. 2 
August, 2019. https://www.adb.org/news/op-ed/how-south-asia-can-continue-world-s-fastest-growing-
subregion-lei-lei-song 
 
227 World Economic Forum. “This chart shoes the shift in global purchasing power.” 29 April, 2019. 
https://www.weforum.org/agenda/2019/04/global-purchasing-power-is-moving-south/ 
 
228 United Nations. “World population projected to reach 9.8 billion in 2050 and 11.2 billion in 2100,” World 
Population Prospects: The 2017 Revision https://www.un.org/en/desa/world-population-projected-reach-
98-billion-2050-and-112-billion-2100 
 
229 Fortune Magazine. “One week after Elon Musk talked about an ‘underpopulation crisis,’ the U.N. says the 
world population is set to continue growing until 2100.” T. Bove. 11 July, 2022. 
https://fortune.com/2022/07/11/elon-musk-underpopulation-crisis-un-population-report/ 
 
230 World Wildlife Fund. “Living Planet Report 2018: Aiming Higher” 
https://www.worldwildlife.org/pages/living-planet-report-2018 p54. 
 
231 World Wildlife Fund. “Living Planet Report 2018: Aiming Higher” 
https://www.worldwildlife.org/pages/living-planet-report-2018 p54. 
 
232 World Wildlife Fund. “Living Planet Report 2018: Aiming Higher” 
https://www.worldwildlife.org/pages/living-planet-report-2018 p54. 
 
233 World Wildlife Fund. “Living Planet Report 2018: Aiming Higher” p4 
 
234 The Guardian. “Humans just 0.01% of all life but have destroyed 83% of wild mammals – study.”  D. 
Carrington. 21 May, 2018. https://www.theguardian.com/environment/2018/may/21/human-race-just-001-
of-all-life-but-has-destroyed-over-80-of-wild-mammals-study 
 
 



 102 

 
Proceedings of the National Academy of Sciences of the United States of America. “The Biomass 
Distribution on Earth.” Y. Bar-On, R. Philips, R. Milo. 21 May, 2018. 
https://www.pnas.org/content/115/25/6506 
 
235 Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES). “Nature’s 
Dangerous Decline ‘Unprecedented’ Species Extinction Rates ‘Accelerating’.” 6 May, 2019. P. 3. 
 
The Guardian. “Humans just 0.01% of all life but have destroyed 83% of wild mammals – study.”  D. 
Carrington. 21 May, 2018. https://www.theguardian.com/environment/2018/may/21/human-race-just-001-
of-all-life-but-has-destroyed-over-80-of-wild-mammals-study 
 
Proceedings of the National Academy of Sciences of the United States of America. “The Biomass 
Distribution on Earth.” Y. Bar-On, R. Philips, R. Milo. 21 May, 2018. 
https://www.pnas.org/content/115/25/6506 
 
236 Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES). “Nature’s 
Dangerous Decline ‘Unprecedented’ Species Extinction Rates ‘Accelerating’.” 6 May, 2019. P. 3. 
 
The Guardian. “Humans just 0.01% of all life but have destroyed 83% of wild mammals – study.”  D. 
Carrington. 21 May, 2018. https://www.theguardian.com/environment/2018/may/21/human-race-just-001-
of-all-life-but-has-destroyed-over-80-of-wild-mammals-study 
 
Proceedings of the National Academy of Sciences of the United States of America. “The Biomass 
Distribution on Earth.” Y. Bar-On, R. Philips, R. Milo. 21 May, 2018. 
https://www.pnas.org/content/115/25/6506 
 
237 Unicef. “Water Scarcity: Addressing the glowing lack of available water to meet children’s needs.” 
https://www.unicef.org/wash/water-scarcity 
 
238 Newsweek Magazine. “The Race to Buy Up the World’s Water.” J. Interlandi. 8 October, 2010. 
http://www.newsweek.com/race-buy-worlds-water-73893 
 
239 Y. Cao, A. Hiyoshi, S. Montgomery. “COVID-19 case-fatality rate and demographic and socioeconomic 
influencers: worldwide spatial regression analysis based on country-level data.” BMJ Open 2020;10:e043560. doi: 
10.1136/bmjopen-2020-043560 
 
240  
241 United States Armed Forces Joint Forces Command – “The Joint Operating Environment 2008 - Challenges 
and Implications for the Future Joint Force.” 
https://www.jcs.mil/Portals/36/Documents/Doctrine/concepts/joe_2008.pdf 
 
Klare, Michael T et al. “The public health implications of resource wars.” American journal of public health 
vol. 101,9 (2011): 1615-9. doi:10.2105/AJPH.2011.300267 
 
242 Arms Control Association. “Nuclear Weapons: Who Has What at a Glance.” K. Davenport, D. Kimball. 
January, 2022. https://www.armscontrol.org/factsheets/Nuclearweaponswhohaswhat 
 



 103 

 
 
243 NextCity.org. “There are 10,000 cities on Planet Earth. Half didn’t Exist 40 years ago.” G. Scruggs. 12 
February, 2020. https://nextcity.org/urbanist-news/there-are-10000-cities-on-planet-earth-half-didnt-exist-
40-years-ago 
 
244 Not all nuclear-armed nations use Permissive Action Links. 
https://en.wikipedia.org/wiki/Permissive_Action_Link#Usage_by_other_states 
 
Overview of Permissive Action Links: https://en.wikipedia.org/wiki/Permissive_Action_Link 
245 Arms Control Association. “Nuclear Weapons: Who Has What at a Glance.” K. Davenport, D. Kimball. 
January, 2022. https://www.armscontrol.org/factsheets/Nuclearweaponswhohaswhat 
 
The Center for Arms Control and Non-Proliferation. “Fact Sheet: Ballistic vs. Cruise Missiles.” 
https://armscontrolcenter.org/wp-content/uploads/2017/04/Ballistic-vs.-Cruise-Missiles-Fact-Sheet.pdf 
 
246  
247  


