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Abstract 

Easy energy refers to the current oil, coal, and natural gas energy sources 

that provide about 86% of the U.S.ȭÓ and the ×ÏÒÌÄȭÓ ÅÎÅÒÇÙȢ An increasing 

average world per capita demand for easy energy combined with a growing 

U.S. and world population will exhaust recoverable resources of easy energy 

ÔÈÉÓ ÃÅÎÔÕÒÙȟ ÐÒÏÂÁÂÌÙ ×ÉÔÈÉÎ ÔÈÅ ÌÉÆÅÔÉÍÅ ÏÆ ÔÏÄÁÙȭÓ ÙÏÕÎÇ ÃÈÉÌÄÒÅÎȢ Current 

sustainable nuclear and renewable energy sources provide only about 14% of 

ÔÈÅ ×ÏÒÌÄȭÓ ÅÌÅÃÔÒÉÃÉÔÙ ÁÎÄ ÍÏÄÅÒÎ Æuel needs. To meet the ×ÏÒÌÄȭÓ projected 

3X increase in energy needs by 2100, ÉÆ ÎÏÔ ÄÅÃÁÄÅÓ ÅÁÒÌÉÅÒȟ ÔÏÄÁÙȭÓ ÓÕÓÔÁÉÎÁÂÌÅ 

energy production must expand by a factor of over 24X. 4ÈÉÓ ÐÁÐÅÒȭÓ 

assessment of the energy production potential of conventional nuclear, 

geothermal, wind, ground solar electric, and land biomass finds that these 

will ÆÁÌÌ ÓÉÇÎÉÆÉÃÁÎÔÌÙ ÓÈÏÒÔ ÏÆ ÂÏÔÈ ÔÈÅ 5Ȣ3ȢȭÓ ÏÒ ÔÈÅ ×ÏÒÌÄȭÓ ΰίήή ÓÕÓÔÁÉÎÁÂÌÅ 

energy needs. To fill the substantial sustainable energy shortfall that will 

emerge by 2100 as the era of easy energy ends, space solar power and algae 

biodieselɂabsent the extensive use of advanced nuclear energy and/or 

undersea methane hydratesɂwill need to be substantially developed. Space 

solar power will be needed ÔÏ ÓÕÐÐÌÙ ÍÏÓÔ ÏÆ ÔÈÅ 5Ȣ3ȢȭÓ ÁÎÄ ÔÈÅ ×ÏÒÌÄȭÓ 

dispatchable electrical power generation capacity while hydrogen produced 

with off-peak space solar power electricity and algae biodiesel will be needed 

to fill the fuels shortfall. 
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The End of Easy Energy and What to Do About It  

James Michael Snead, P.E. 

Introduction  

Food, shelter, water, security, and energy are fundamental human needs. The primary 

benefit of human civilization, and a principle  purpose of government, is to organize 

human efforts to reliably supply these fundamental needs.  

On-demand energy in the form of electricity and modern fuels is the lifeblood of 

modern civilization. It amplifies  human efforts enabling humans to produce more, travel 

farther, communicate more broadly and quickly, and live at a higher standard of living 

than is possible through  human efforts alone. Temporarily disrupt the supply of energy 

and the technological clockwork of modern civilization quickly grinds to a halt. Put forth 

the prospect of the long-term disruption of energy supplies and the consequences are 

deemed so undesirable that nations will go to war to secure their energy supplies.  

Today, at the beginning of th e 21st century, the world is beginning the fifth , and likely 

final , century of easy non-ÒÅÎÅ×ÁÂÌÅ ÅÎÅÒÇÙȢ "ÅÇÉÎÎÉÎÇ ÉÎ %ÕÒÏÐÅ ÉÎ ÔÈÅ ÅÁÒÌÙ ΫΰΪΪȭÓȟ ÔÈÅ 

growth of civilization ɂin particular, the concentration of population in ur ban areas in 

cold climatesɂoutstripped the affordable renewable energy supply of wood. Coal, 

recognized from the beginning as a non-renewable resource, began to be mined to fill the 

gap between consumer demand and affordable renewable energy supplies. Technology 

advancement in mining, especially the introduction of the first steam engines to pump 

water from deep mines, provided coal producers with a production cost advantage over 

wood harvesting. As a result, tÈÅ ÅÒÁ ÏÆ ȰÅÁÓÙ,ȱ ÎÏÎ-renewable energy began, expanding to 

include oil and natural gas in the mid-ΫβΪΪȭÓȢ   

The benefits of easy energy are all around us. Easy energy has literally powered the 

rise of modern civilization by increasing human productivity and, especially, freeing a 

large percentage of the population from the toil of pre-modern agriculture and primitive 

biomass energy recovery (e.g., chopping wood and gathering fallen dead wood). Those 

ÎÁÔÉÏÎÓ ÔÈÁÔ ÈÁÖÅ ÐÒÅÖÁÉÌÅÄ ÉÎ ÔÈÅ ÕÓÅ ÏÆ ÅÁÓÙ ÅÎÅÒÇÙ ÁÒÅ ÔÏÄÁÙȭÓ ÌÅÁÄÉÎÇ ÎÁÔÉÏÎÓȢ 

Developing nations, containing billions of people still living in energy impoverishment , 

clearly recognize the linkage between modern energy availability and economic 

development. Quite understandably, they are increasing their supplies of easy energy to 

stimulate economic development, raise their  standard of living, and increase the social 

and political stability of their  nations. 
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The readily apparent consequence of this on-going expansion of modern civilization is 

that the world×ÉÄÅ ÄÅÍÁÎÄ ÆÏÒ ÅÁÓÙ ÅÎÅÒÇÙ ÉÓ ÏÕÔÓÔÒÉÐÐÉÎÇ ÔÈÅ ÒÅÓÏÕÒÃÅÓ ÏÆ ÎÁÔÕÒÅȭÓ ÇÉÆÔÓ 

of oil, coal, and natural gas, just as happened with wood four centuries earlier. 

Consequently, these non-renewable energy resources will likely be exhausted this 

centuryɂperhaps withÉÎ ÔÈÅ ÌÉÆÅÔÉÍÅ ÏÆ ÔÏÄÁÙȭÓ ÙÏÕÎÇ ÁÄÕÌÔÓȟ ÃÅÒÔÁÉÎÌÙ ×ÉÔÈÉÎ ÔÈÅ ÌÉÆÅÔÉÍÅ 

ÏÆ ÔÏÄÁÙȭÓ ÙÏÕÎÇ children.  

Having foreknowledge of this coming end of easy energy, what path should the United 

States and the world prepare to follow? Should a primary reliance on non-renewable easy 

energy be blindly followed without any substantial and determined investment in 

developing replacement sources of sustainable energy? We have comparable sustainable 

objectives for food, water, housing, and security. Why not for energy?   

4ÈÉÓ ÐÁÐÅÒȭÓ ÅØÐÌÏÒÁÔÉÏÎ ÏÆ our shared energy future is based on the presumption that 

the United States and most other nations desire assured, sustainable energy supplies 

with, if possible, substantial energy independence. Delving into  the specifics necessary to 

understand the implications of what it will take to achieve this desired energy future, this 

paper aims to identify what sustainable energy production resources will be needed. For 

ÔÈÅ 5ÎÉÔÅÄ 3ÔÁÔÅÓȟ ÔÈÉÓ ÐÁÐÅÒȭÓ ÏÂÊÅÃÔÉÖÅ ÉÓ ÔÏ ÅÓÔÉÍÁÔÅ ÔÈÅ ÔÙÐÅ ÁÎÄ ÓÃÁÌÅ ÏÆ ÓÕÓÔÁÉÎÁÂÌÅ 

energy infrastructure needed to provide ÒÏÕÇÈÌÙ ÔÏÄÁÙȭÓ ÐÅÒ ÃÁÐÉÔÁ ÅÎÅÒÇÙ ÃÏÎÓÕÍÐÔÉÏÎ ÉÎ 

2100. For the world, the corresponding objective is to estimate the scale of the sustainable 

energy infrastructure required to provide, by 2100, the ×ÏÒÌÄȭÓ ÐÏÐÕÌÁÔÉÏÎ of 10 billion 

with a ȰÍÉÄÄÌÅ ÃÌÁÓÓȱ per capita energy use comparable to that of Japan, South Korea, and 

Western Europe.   

In the words of futurist Joel Arthur Barker, this paper is a scouting expedition to 

explore the terrain of the U.S.ȭÓ and the ×ÏÒÌÄȭÓ ÅÎÅÒÇÙ supply futures. The report coming 

back is that ÔÈÅ ×ÏÒÌÄȭÓ forthcoming transformation to a sustainable energy future is, for 

the United States, an opportunity comparable to the opening of the American west in the 

ΫβΪΪȭÓȢ )Î terms of the scale of investment, new business formation, jobs creation, 

technology advancement, and intellectual property development, transitioning to 

sustainable energy will be the massive technological and economic powerhouse of the 21st 

century. Wisely understanding and acting on this opportunity without hesitation should 

be the strongly-held expectation of all Americans and the clear objective of the energy 

policy and programs of the next presidential administration. Failing to understand and 

ÁÃÔ ×ÉÌÌ ÃÒÅÁÔÅ Á ÄÉÓÁÓÔÅÒ ×ÈÅÒÅ ÔÈÅ 5Ȣ3Ȣ ÌÉÔÅÒÁÌÌÙ ÆÁÌÌÓ ÂÅÈÉÎÄ ÔÈÅ ȰÐÏ×ÅÒ ÃÕÒÖÅȱ ÏÆ ÔÈÅ 

supply of energy needed to sustain a reasonable standard of livin g and its role as a great 

nation. 
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Organization of This Paper  

 Preface 

 Executive summary: TÈÉÓ ÐÁÐÅÒȭÓ ËÅÙ ÆÁÃÔÓȟ ÆÉÎÄÉÎÇÓȟ ÁÎÄ ÃÏÎÃÌÕÓÉÏÎÓȢ 

 Main paper addresses: 

o The United Statesȭ and the ×ÏÒÌÄȭÓ ÆÕÔÕÒÅ ÅÎÅÒÇÙ ÎÅÅÄÓ ÔÈÒÏÕÇÈ ÔÈÅ ÅÎÄ ÏÆ 

the 21st century; 

o The exhaustion of affordable and sufficient oil, coal, and natural gas 

supplies this century; 

o The importance and limitations of energy conservation improvements on 

ÔÈÅ ×ÏÒÌÄȭÓ ÆÕÔÕÒÅ ÅÎÅÒÇÙ ÎÅÅÄÓȠ 

o The potential  of nuclear and conventional terrestrial renewable energy 

sources to satisfy the United Statesȭ and the ×ÏÒÌÄȭÓ ÉÎÃÒÅÁÓÉÎÇ ÅÎÅÒÇÙ ÎÅÅÄÓ 

once oil, coal, and natural gas are no longer available later this century; and, 

o The potential of space solar power and algae biodiesel to fill the gap in 

needed energy supplies not able to be practically met with nuclear and 

conventional terrestrial renewable energy sources. 

 Appendix 1: Develops the estimates, used in the main paper, of the potential of 

nuclear and conventional terrestrial renewables to meet the United Statesȭ and the 

×ÏÒÌÄȭÓ άΫst century energy needs with sustainable energy. 

 Appendix 2: Provides an introduction to space solar power, describing how it may 

become the predominate United States and world source of baseload electrical 

power as well as providing a substantial portion of the United Statesȭ and the 

×ÏÒÌÄȭÓ ÎÅÅÄÅÄ ÓÕÓÔÁÉÎÁÂÌÅ ÆÕÅÌÓȢ  

 Author information  

 Endnotes: Provides references, additional comments, and supporting calculations 

of the key numerical values used in this paper. 
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Preface 

This paper focuses on assessing the energy supply situation for the United States and the 

world in 2100, the end of this century. This has been done to establish a long-term 

planning horizon where the reader may be comfortable with accepting the argument that 

the United Statesȭ and the ×ÏÒÌÄȭÓ ÅÎÅÒÇÙ ÓÕÐÐÌÙ ÓÉÔÕÁÔÉÏÎs could and, probably, must be 

significantly different than they are  today. However, the reader is cautioned that, from 

ÔÈÅ ÐÅÒÓÐÅÃÔÉÖÅ ÏÆ ÔÒÁÎÓÉÔÉÏÎÉÎÇ ÆÒÏÍ ÔÏÄÁÙȭÓ ÓÕÂÓÔÁÎÔÉÁÌ ÕÓÅ ÏÆ non-renewable oil, coal, 

and natural gas to a future substantial use of sustainable energy sources, the necessity 

and timeline for this transition will be driven by consumer demand and the rate of 

depletion of the identified and developed reserves of oil, coal, and natural gas. Hence, by 

2100, the United States and the world may have already been decades into the new era of 

substantial sustainable energy useɂnot by choice as much as by necessity. 

The proper reader perspective, therefore, is to not become comfortable with the 

notion that we have over 90 years to solve the immense challenges inherent in the 

transition to sustainable energy sources. Therefore, wÈÅÎÅÖÅÒ ȰάΫΪΪȱ ÉÓ ÍÅÎÔÉÏÎÅÄ ×ÉÔÈ 

respect to projecting the U.S.ȭÓ and the ×ÏÒÌÄȭÓ ÎÅÅÄÅÄ ÅÎÅÒÇÙ ÓÕÐÐlies, the reader should 

ÁÄÄ ÔÈÅ ÃÁÖÅÁÔ ȰÏÒ ÐÅÒÈÁÐÓ ÍÕÃÈ ÓÏÏÎÅÒȱ ÔÏ ÍÁÉÎÔÁÉÎ ÔÈÅ ÃÏÒÒÅÃÔ ÐÅÒÓÐÅÃÔÉÖÅȢ  

One way to appreciate the challenges ahead is in terms of harvesting energy where the 

planting-harvesting cycle for significant new sustainable energy sources is 20-30 years 

long (e.g., building 500 new nuclear power plants). The United States and the world may 

only have three energy harvest cyclesɂperhaps fewerɂto make the successful transition  

to sustainable energy. Time is precious and is not to be wasted. 
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Executive Summary  

Key findings 

1. By 2100, the number of people actually using  electricity and moder n fuels will 

more than double . /Æ ÔÈÅ ×ÏÒÌÄȭÓ ÃÕÒÒÅÎÔ 6.6 billion people, 2.4 billion do not have 

access to modern fuels and 1.6 billion do not have access to electricity. As a result, a 

ÓÕÂÓÔÁÎÔÉÁÌ ÐÅÒÃÅÎÔÁÇÅ ÏÆ ÔÈÅ ×ÏÒÌÄȭÓ ÐÏÐÕÌÁÔÉÏÎ lives in a state of energy deprivation 

that substantially impacts health, individual economic opportunity, social and 

political stability, and world security.  By 2100, tÈÅ ×ÏÒÌÄȭÓ ÐÏÐÕÌÁÔÉÏÎ ÉÓ ÐÒÏÊÅÃÔÅÄ ÔÏ 

climb another 3.4 billion to roughly 10 billion. This means that by 2100, an additional 

5-6 billion people, not using modern fuels and electricity today, must be provided 

with assured, affordable, and sufficient energy supplies if ÔÈÅ ×ÏÒÌÄȭÓ ÃÕÒÒÅÎÔ energy 

insecurity is to be substantially eliminated. 

2. By 2100, to meet reasonable energy needs, the total world ȭÓ energy production 

of electricity and modern fuels must increase by a factor of about 3.4 X while 

that of the Un ited States must increase by a factor of 1.6X . The annual per capita 

total energy consumption of Japan, South Korea, and Europe averages about 30 barrels 

of oil equivalent or BOE. Further energy conservation may reduce this to about 27 

BOE per year. This value is used in this paper as a level of energy consumption needed 

for a modern standard of living and a stable political and economic environment 

outside the United States. By 2100, should the non-U.S. world population achieve this 

ÍÏÄÅÒÎ ȰÍÉÄÄÌÅ ÃÌÁÓÓȱ standard of living, the world will require an annual energy 

supply of around 280 billion BOE. In 2006ȟ ÔÈÅ ×ÏÒÌÄȭÓ electricity and modern fuels 

energy supply was about 81 billion BOE. Hence, by 2100, the world will need on the 

order of 3.4X more energy than was being produced in 2006. In the United States, a 

near doubling of the population by 2100, even with a 20% reduction in per capita 

energy use, will require a 1.6X increase in U.S. energy needs.  

3. If oil, coal, and natural gas remain the predominant sour ce of energy, both 

known and expected newly discovered  reserves will be exhausted by 2100 , if 

not far earlier . Of the 81 billion BOE produced each year from all energy sources, 

86% or 70 billion BOE comes from non-renewable oil, coal, and natural gas. At this 

percentage, by 2100, the world would need about 240 billion BOE from oil, coal, and 

natural gas. With an annual average of about 155 billion BOE through the end of the 

century, the world would need about 14,100 billion BOE of oil, coal, and natural gas to 

reach the end of the century. Current proved recoverable reserves of oil, coal, and 

natural gas total only about 6,000 billion BOE. Expert estimates of additional 

recoverable reserves optimistically add  another 6,000 billion BOEɂfor example, 
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including nearly 3,000 billion BOE from all oil from oil shaleɂfor a combined total of 

around 12,000 billion BOE.* With increasing world energy consumption and if oil, 

ÃÏÁÌȟ ÁÎÄ ÎÁÔÕÒÁÌ ÇÁÓ ÃÏÎÔÉÎÕÅ ÔÏ ÐÒÏÖÉÄÅ ÍÏÓÔ ÏÆ ÔÈÅ ×ÏÒÌÄȭÓ ÅÎÅÒÇÙ, known and new 

reserves of oil, coal, and natural gas will be exhausted by the end of the century, if not 

much earlier. 

4. To transform the world to primarily 

sustainable energy by 2100 to replace oil, 

coal, and natural gas, current sustainable 

energy sources must be scaled up from 

to day by a factor of 24 . By the end of the 

centuryɂperhaps decades earlierɂthe world 

will need to obtain almost all of its energy from 

sustainable energy sources: nuclear and 

renewables. Today, the equivalent of about 11 

billion BOE comes from sustainable energy 

sources. By 2100, the world must increase the production capacity of sustainable 

energy sources by a factor of about 24 to provide the equivalent of 280 billion BOE. 

The two primary sources of sustainable energy today are nuclear and hydroelectric. 

Today, the world has the sustainable energy equivalent of about 350 1-GWe (gigawatt-

electric) nuclear power plants and 375 2-GWe Hoover Dams. 4Ï ÍÅÅÔ ÔÈÅ ×ÏÒÌÄȭÓ άΫΪΪ 

need for 280 billion BOE of energy production, every four years through the end of the 

century, the world must add this amount of sustainable energy production in the form 

of nuclear, hydroelectric, geothermal, wind, solar, and biomass. 

5.  Terrestrial sources of sustainable 

dispatchable electrical power generation 

will fall significantly short of U.S. and world 

needs by 2100 and, even, current U.S. needs . 

Energy is supplied in two primary forms: 

dispatchable electrical power to meet 

consumer needs for electricity and modern 

fuels to power transportation and other 

systems operating off the electrical power grid. 

By 2100, the world will need about 18,000 GWe 

of dispatchable electrical power generation 

capacity, compared with about 4,000 GWe 

                                                             
* Methane hydrates are not included in this estimate for reasons discussed in the paper. 
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Wind
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today, with almost all generated by 

sustainable sources.* To assess the potential of 

nuclear fission and terrestrial renewables for 

meeting this world  need, the addition of 1,400  

1-GWe conventional nuclear fission reactorsɜ, 

the construction of the  equivalent of 1,400 2-

GWe Hoover Dams for added hydroelectric 

power generation, the addition of 1,900 GWe of 

geothermal electric power generation, and the 

expansion of wind-generated electrical power to 

11 million commercial wind turbines, covering 

1.74 million sq. mi. , would only be able to 

supply about 47Г ÏÆ ÔÈÅ ×ÏÒÌÄȭÓ άΫΪΪ ÎÅÅÄ ÆÏÒ 

dispatchable electrical power generation capacity.ɝ For the United States, only about 

30% of the needed 2100 dispatchable electrical power generation capacity could be 

provided by these sustainable sources. By 2100, the U.S. and the world would be left 

with a dispatchable electrical power generation shortfall  of 70% and 53%, respectively, 

with respect to this paperȭÓ projection of the 2100 needs. Further, for the United 

States, the projected 2100 sustainable generation capacity would only provide about 

one-half of the current installed generation capacity that relies substantially on non-

renewable coal and natural gas.  

6. Expanded conventional renewable sources 

of sustainable fuels ɂhydro gen, alcohol, 

bio -methane , and bio -solids ɂwill not be 

able to meet the U.S. ȭÓ or the ×ÏÒÌÄȭÓ 2100 

needs for sustainable fuels.  To assess the 

potential for conventional renewable sources of 

sustainable fuel for the entire world  in 2100, 

hydrogen production from the electricity 

generated by nearly 600,000 sq. mi. of ground 

                                                             
* Stable electrical power grid operations require sufficient dispatchable power generation capacity to meet, 
at any time, peak consumer demand plus a modest reserve margin. Only generation systems that have a 
high assurance of being available to deliver power on demand (e.g., nuclear, hydroelectric, geothermal, and 
carbon-fired generators) are considered dispatchable. 
ɜ The addition of 1,400 conventional nuclear fission reactors is consistent with projections of available land 
resources of uranium fuel, without using breeder reactors, lasting upwards of 150 years. The significant use 
of uranium extracted from seawater is not assumed. 
ɝ
 As discussed later in this paper, the variability of wind -generated electrical power is assumed to severely 

limit its ability to provide dispatchable electrical power. Most wind -generated electrical power is assumed 
to be used to produce hydrogen fuel. 
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solar photovoltaic systems, hydrogen production from over 80% of the electrical 

power generated by 11 million wind turbines, and biofuels produced from 13,000 

ÍÉÌÌÉÏÎ ÔÏÎÓ ÏÆ ÌÁÎÄ ÂÉÏÍÁÓÓ ÆÒÏÍ ÔÈÅ ×ÏÒÌÄȭÓ ÃÒÏÐÌÁÎÄÓ ÁÎÄ ÁÃÃÅÓÓÉÂÌÅ ÆÏÒÅÓÔÌÁÎÄÓ 

would only be able to supply about 37% ÏÆ ÔÈÅ ×ÏÒÌÄȭÓ άΫΪΪ ÎÅÅÄ ÆÏÒ ÓÕÓÔÁÉÎÁÂÌÅ ÆÕÅÌÓȢ 

For the United States, by 2100, the situation is about the same with only about 39% of 

the 2100 needed fuels production capable of being provided from these conventional 

sustainable energy sources. As with sustainable electrical power generation, 

conventional sustainable U.S. fuels production at projected 2100 levels would fall well 

short of meeting current U.S. needs for fuel. 

7. Closing the U.S. ȭÓ and the world ȭÓ ÓÉÇÎÉÆÉÃÁÎÔ ÓÈÏÒÔÆÁÌÌs in dispatchable 

electrical power will require substantial additional generation capa city  that 

can only be addressed through the use of space solar power.  Because of the 

substantial shortfall  in needed 2100 fuels production, producing even more 

sustainable fuels to burn as a replacement for oil, coal, and natural gas to generate the 

needed additional electrical power is not practical. As a result, additional baseload 

electrical power generation capacity must be developed. The remaining potential 

sources of dispatchable electrical power generation are advanced nuclear energy and 

space solar power. While advanced nuclear energy certainly holds the promise to help 

fill this gap, fulfilling its promise has significant challenges to first overcome. 

Demonstrated safety; waste disposal; nuclear proliferation; fuel availability; and, for 

fusion and some fission approaches, required 

further technology development limit the 

ability to project sign ificant growth in 

advanced nuclear electrical power generation. 

Space solar power (SSP)ɂinvolving the use of 

extremely large space platforms (20,000 or 

more tons each) in geostationary orbit  (GEO) 

to convert sunlight into e lectrical power and 

transmit  this power to large ground 

receiversɂprovides the remaining large-scale 

baseload alternative. Relying on SSP would 

require 1,854 5-GWe SSP systems to eliminate 

the ×ÏÒÌÄȭÓ shortfall in  needed 2100 

dispatchable electrical power generation 

capacity. Of these, 244 SSP systems would be used to eliminate the U.S. shortfall in 

needed 2100 dispatchable electrical power generation capacity. The following two 

ÃÈÁÒÔÓ ÓÕÍÍÁÒÉÚÅ ÔÈÉÓ ÐÁÐÅÒȭÓ ÐÒÏÊÅÃÔÉÏÎ ÏÆ ÔÈÅ ÐÏÔÅÎÔÉÁÌ ÃÏÎÔÒÉÂÕÔÉÏÎ ÏÆ 330 ÉÎ 

SSP platforms in GEO transmit power to large 
ground receiving antennas, covering about 70 
sq. mi. each, where the transmitted power is 
collected and then fed to utility power grids. 



The End of Easy Energy and What to Do About It 

10 
 

30.40%

69.60%

Projected U.S. sustainable, 
dispatchable electrical power 

generation sources meeting 2100 
needs

Terrestrial 
sustainable

244 SSP 
platforms

47.20%

52.80%

Projected world sustainable, 
dispatchable electrical power 

generation sources meeting 2100 
needs

Terrestrial 
sustainable

1,854 SSP 
platforms

38.60%

24.30%

37.10%

Projected U.S. sustainable fuel 
production meeting 2100 needs

Conventional 
sustainables

SSP C-E 
biodiesel + 
hydrogen
Open-pond 
algae biodiesel

37.30%

18.50%

44.20%

Projected world sustainable fuel 
production meeting 2100 needs

Conventional 
sustainables

SSP C-E 
biodiesel + 
hydrogen
Open-pond 
algae biodiesel

ÍÅÅÔÉÎÇ ÔÈÅ 5Ȣ3ȢȭÓ ÁÎÄ ÔÈÅ ×ÏÒÌÄȭÓ ÄÉÓÐÁÔÃÈÁÂÌÅ ÅÌÅÃÔÒÉÃÁÌ ÐÏ×ÅÒ ÇÅÎÅÒÁÔÉÏÎ ÎÅÅÄÓ ÉÎ 

2100. 

 

8. In addition to eliminating the  dispatchab le electrical power  generation  

shortfall , SSP could , with algae biodiesel, eliminate  the sustainable fuels 

production shortfall . Excess SSP electrical power can be used, when demand is less 

than the SSP generation capacity, to electrolyze water to produce hydrogen. Closed-

environment algae biodiesel production, done on the land under each SSP receiving 

antenna, combined with SSP hydrogen production can provide 24% and 19% of the 

United Statesȭ ÁÎÄ ÔÈÅ ×ÏÒÌÄȭÓ άΫΪΪ needed fuels production, respectively. The 

remaining fuels gap would be closed by warm-climate, open-pond algae biodiesel 

production. These two forms of sustainable fuels productionɂSSP hydrogen and algae 

biodieselɂwould provide slightly more that 6 0% of this paperȭs projection of the 

U.S.ȭÓ and the worldȭÓ 2100 needs for sustainable fuel production , as seen in the two 

charts below. 
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9. Recognizing that  the dedicated  land area required in the United States to 

install the needed renewa ble energy production systems will be  substantial, 

SSP provides one of the hi ghest efficiencies  in terms of renewable energy 

production capacity per sq. mi.  of all the renewable alternatives.  In the United 

States, 375,000 sq. mi.ɂabout 12% of the continental United Statesɂwould be 

directly placed into use for renewable energy generation to meet this ÐÁÐÅÒȭÓ 

projection  of 2100 energy needs. (For comparison, the U.S. arable and permanent 

cropland totals 680,000 sq. mi.) This land would be 100% covered with wind farms, 

ground solar photovoltaic systems, SSP receiving antennas, and open-pond algae 

biodiesel ponds. Of these four renewable energy options, SSP is one of the most land 

use efficient. The 244 SSP receiving antennas would require only about 20,000 sq. mi. 

or about 0.6% of the continental U.S., while providing nearly 70% of the dispatchable 

electrical power generation capacity and about 24% of the sustainable fuels 

production capacity by 2100. 

Key conclusions 

1. "ÁÓÅÄ ÏÎ ÔÈÉÓ ÁÓÓÅÓÓÍÅÎÔȭÓ ÆÉÎÄÉÎÇÓȟ Á ÓÏÕÎÄ 5Ȣ3Ȣ ÅÎÅÒÇÙ ÐÏÌÉÃÙ ÁÎÄ ÉÍÐÌÅÍÅÎÔÁÔÉÏÎ 

strategy should emphasize: 

 Finding and producing more oil, coal, and natural gas to meet growing demand in 

order to minimize energy scarcity and price escalation during the generations-long 

transition to sustainable energy supplies; 

 Adopting prudent energy conservation improvements to reduce the per capita 

energy needs of the United States, as well as the rest of the world, without 

involuntarily redu cing the standard of living; 

 Aggressively transitioning to conventional nuclear and terrestrial renewable 

energy sources to supplement and then replace oil, coal, and natural gas resources 

to avoid dramatic reductions in available per capita energy as non-renewable 

energy sources are exhausted this century; and, 

 Aggressively developing advanced nuclear energy, space solar power energy, and 

open-pond/closed-environment algae biodiesel production to fill the substantial 

projected shortfalls in sustainable electrical power generation and fuels production 

that will develop even with optimistic levels of conventional nuclear and terrestrial 

renewable energy use. 

2. While it is certainly easy to be disillusioned by these findings, this need not and 

should not be the case, especially in the United States. The world and the United 

States have successfully undergone a comparable transition in energy sources when 
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wood was no longer sufficient to meet the growing needs of a rapidly industrializing 

world. When the transition to coal started in earnest in the 17th century, steam power, 

electrical power, internal combustion, and nuclear energy where yet-to-be-invented 

new forms of energy conversion that now power the world. For about four centuries, 

technological development, economic investment, and industrial expansionɂ 

undertaken to realize ÔÈÅ ÐÏÔÅÎÔÉÁÌ ÏÆ  ȰÅÁÓÙ ÅÎÅÒÇÙȱɂhave been a foundation of the 

×ÏÒÌÄȭÓ ÇÒowing standard of living and the emergence of the United States as a great 

power. Now, recognizing that the end of easy energy is at hand, the United States 

needs to aggressively move to expand existing sources of sustainable energy and 

develop and implement new sources to foster continued technological development, 

economic investment, and industrial expansion in the United States during the 

remainder of this century. It is critical  that the United States take a leadership 

position in the development of space solar power as this may become the dominant 

electrical power generation capability for the world.  
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1 - Understanding t he WÏÒÌÄȭÓ Future Energy Needs 

Section focus 

 Identify current and future United States and world per capita and total energy 

needs. 

 Assess known and expected future resources of oil, coal, and natural gas and 

evaluate how long these will last given the expected increase in world energy 

demands. 

 Summarize the energy supply challenges that must be faced this century. 

Current per capita energy use  

An assured and affordable energy supply is one of the foundation blocks of modern 

civilization. William J. Bernstein, in The Birth of Plenty: How the Prosperity of the Modern 

World was Created, 1 describes how the nexus of property rights; rising publi c confidence 

in capital markets; the emergence of the scientific method leading to increased 

technological innovation;  and, improved industrial production, transportation , and 

communication brought about by coal-fired steam power fundamentally changed the 

nature of western civilization. This transformation started in England in the late ΫαΪΪȭÓ, 

then spread to the United States and Europe iÎ ÔÈÅ ÅÁÒÌÙ ΫβΪΪȭÓ and to Japan in the late 

ΫβΪΪȭÓ. Today, it  is most noticeably spreading in China and India. The coming decades will 

likely see the completion of the global transformation of national economies, especially in 

Africa, provided that the world has sufficient and affordable energy. 

Per capita energy use is important because it represents a fundamental measure of 

national economic success. It reflects the average energy directly used by individuals, 

such as buying gasoline and heating homes, combined with the energy the nation 

consumes per person in producing its goods and providing its services. Three measures of 

per capita energy useful for U.S. and world energy planning are:  

 Each American and Canadian consumes the energy of about 59 barrels of oil 

equivalent (BOE) per year from all sources: oil, coal, natural gas, nuclear, 

hydroelectric, biomass, and other renewables.2 While several small countries have 

a higher per capita energy use, the United States and Canada, with about 340 

million people, have the highest per capita energy use among large countries.  

 In Japan, South Korea, and much of Western Europe, each person uses about 30 

BOE per year.3 This provides a standard of living generally comparable to the 

United States and Canada, in terms of products, services, transportation, and 

communications, while using only about half as much energy as does the average 
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American and Canadian. Smaller homes, 

increased urban living, reduced travel 

distances, increased car fuel efficiency, 

and the expanded use of mass transit 

account for much of this difference.  

 For the non-U.S. world population of 6.2 

billion ɂincluding Canada, South Korea, 

Japan, Western Europeɂthe average per 

capita energy use is the equivalent of only 

10 BOE per year.4 Largely, this is because, 

according to the United Nations, 2.4 

billion people lack modern fuels and 1.6 billion have no access to electricity.5 As a 

consequence, mÕÃÈ ÏÆ ÔÈÅ ×ÏÒÌÄȭÓ population still lives in a condition of energy 

poverty that human desire and effort are earnestly seeking to change this century, 

as seen in China and India. 

 

 

4ÏÄÁÙȭÓ energy use 

Currently , the entire world consumes the thermal 

energy equivalent of burning about 223 million 

BOE each day or 81 billion BOE each year.6 

About 86%, for a combined total of about 70 

billion  BOE per year , is provided by oil, coal, and 

natural gas. 7  

For the United States, with about 4.6% of 

ÔÈÅ ×ÏÒÌÄȭÓ ÐÏÐÕÌÁÔÉÏÎȟ Americans use about 

21% ÏÆ ÔÈÅ ×ÏÒÌÄȭÓ annual energy production .8  
2006 energy use (billion BOE/yr) 
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In 2006, this was about 17 billion BOE.9 In terms of type of energy, about 85% of 

!ÍÅÒÉÃÁȭÓ energy now comes from oil, coal, and natural gas.10  

Setting a target per capita energy standard for developing nations  

The energy used per capita in Japan, South Korea, and Western Europeɂabout 30 BOE 

per yearɂcan be viewed as ÔÈÅ ȰÇÏÌÄȱ ÓÔÁÎÄÁÒÄ ÆÏÒ ÄÅÖÅÌÏÐÉÎÇ ÎÁÔÉÏÎÓ. These developing 

nations understand that this level of per capita energy supply provides sufficient energy 

for sustained economic development and the accompanying social progress and political 

stability related to achieving an acceptable middle class standard of living. Hence, for 

planning future world energy needs and supplies, it is reasonable to assume that the 

×ÏÒÌÄȭÓ ÐÏÐÕÌÁÔÉÏÎ and political leadership will desire to achieve this energy ȰÇÏÌÄȱ 

standard as soon as is practicable. For the purpose of this paper, it is assumed that 

ÁÃÈÉÅÖÉÎÇ ÔÈÉÓ ȰÇÏÌÄȱ ÓÔÁÎÄÁÒÄ ÉÓ ÁÃÃÏÍÐÌÉÓÈÅÄ ×ÏÒÌÄ×ÉÄÅ ÂÙ άΫΪΪȢ 

End of the century world energy needs  

Toward the end of the 21st century, the wÏÒÌÄȭÓ 

total population is projected to reach 10 billion. 

With a little simple calculation, t en billon people 

ÃÏÎÓÕÍÉÎÇ ÔÈÅ ȰÇÏÌÄȱ ÓÔÁÎÄÁÒÄ ÏÆ 30 BOE per 

capita per year will require  300 billion BOE per 

year. 11 Recalling that the current world energy 

production is about 81 billion BOE per year, 

toward the end of this century the world could  

need 3.7 times (3.7X) the energy being produced 

today.12  

As discussed in greater detail later, by the end of the century if not sooner, all of the 

reserves of oil, coal, and natural gas will be economically exhausted. Focusing just on 

sustainable energy production, ÉÎ άΪΪΰ ÔÈÅ ×ÏÒÌÄȭÓ 

nuclear and renewable energy production totaled 

a little over 11 billion BOE.13 By 2100, if not earlier , 

the world wil l need a sustainable energy 

production capacity 26 times larger (26X) than 

existed in 2006.14 In simple terms, during each 

American presidential administration ( every four 

years) throughout the remainder of this century, 

the world must add the equivalent of the 

sustainable energy production capacity provided 

by ÔÏÄÁÙȭÓ nuclear, geothermal, hydroelectric, 

Current and future world energy needs 

(billion BOE/yr) 
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wind, ground solar, and biomassɂroughly the equivalent of adding nearly 800 1-GWe 

nuclear reactors every four years.15 

While the 3.7X increase in needed energy production capacity by the end of the 

century is very large, the annual percentage increase in world energy consumption, due to 

both an increasing population and increasing standard of living, is a modest 1.4%.16 This 

is not an unreasonable energy growth rate that would be considered consistent with long-

term moderate economic growth.  

(Note: It is important to recognize that th is 1.4% world energy growth rate is the 

calculated value necessary ÔÏ ÒÅÁÃÈ ÔÈÅ ȰÇÏÌÄȱ ÓÔÁÎÄÁÒÄ ÂÙ άΫΪΪȢ The current U.S. Energy 

Inform ation Administration  (EIA) projection of world energy growth through 2030 shows 

a 1.7% annual growth rate.17 This projection, done prior to the global economic problems 

of 2008, is probably attributable to the recent rapid economic growth in China and India. 

Hence, it is quite possible that, once worldwide economic stability is reestablished, the 

needed transformation to nearly 100% sustainable energy sources could come earlier than 

the year 2100 baselined in this paper. This is a point to keep in mind when the required 

build rates of new sustainable energy infrastructure are discussed later in the paper.) 

End of the century United States energy needs 

Due to immigration and the expanded family size of new immigrants, the population of 

the United States is projected to grow to approximately 561 million by the end of the 

century, representing an 88% population increase from today.18 To maintain the current 

U.S. per capita energy consumption of 59 BOE per year, the United States will require 33 

billon BOE per year by 2100, up from 17 billion BOE per year today.19  

Depletion of oil, coal, and natural gas resources  

More than a century of generally ample supplies of oil, coal, and natural gas have led the 

American public to expect, until recently, that these resources would continue to meet 

the majority of the United Statesȭ and the ×ÏÒÌÄȭÓ energy needs far into the future. 

Conventional wisdom had long held that as more energy was needed, commercial oil, 

coal, and natural gas production could easily expand to meet the increased demands, as 

had happened for more than a century.  

The rapid rise of world oil prices in 2007-2008, in part reflecting shortfalls in the 

ability of global oil production to meet increased demands, has helped to clarify the 

American ÐÕÂÌÉÃȭÓ ÁÐÐÒÅÃÉÁÔÉÏÎ ÏÆ the risks inherent in the long-term continued reliance 

on non-renewable and non-U.S. energy sources. The urgency with which the United 

States and the world must undertake the transition to sustainable energy sources will be 

largely driven by how long sufficient quantities of oil, coal, and natural gas can be 
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affordably produced to meet the ×ÏÒÌÄȭÓ growing energy appetite. Using publicly available 

estimates of the known and potential additional recoverable reserves of oil, coal, and 

natural gas, a ballpark estimate can be made of when the world would effectively exhaust 

these non-renewable energy sources.  

(Note: In this paper, natural gas refers to natural gas from all current sources, 

including syngas from underground coal gasification, but excludes natural gas found as 

frozen methane hydrates under the ocean and methane recovered from coal mines. 

Frozen methane hydrates, while apparently widespread, have not yet been shown to be 

economically producible or environmentally acceptable.20 Methane recovery from coal 

mines has also not yet been shown to be commercially practical.21) 

ü World  oil, coal, and natural gas  reserves 

The World Energy Council (WEC), comprised of formal representation by most nations, 

was formed in the 1930ȭÓ ÔÏ ÅÓÔÉÍÁÔÅ ÔÈÅ future worldwide availability of oil, coal, and 

natural gas resources. Every three years, it updates its Survey of World Energy Resources 

to provide a widely used source of global energy statistics on virtually all forms of current 

and emerging industrial energy production.22  

For oil, coal, and natural gas, the survey includes proved recoverable reserves, as well as 

estimated additional reserves recoverable. For the following estimates of the exhaustion of 

ÔÈÅ ×ÏÒÌÄȭÓ ÏÉÌȟ ÃÏÁÌȟ ÁÎÄ Îatural gas resources, these WEC survey definitions are used: 

 Proved amount in place is the resource remaining in known natural reservoirs that 

has been carefully measured and assessed as exploitable under present and 

expected local economic conditions with  existing available technology. 

 Proved recoverable reserves are the quantity within the proved amount in place 

that can be recovered in the future under present and expected local economic 

conditions with existing available technology. 

 Estimated additional amount in place is the resource additional to the proved 

amount in place that is of foreseeable economic interest. 

 Estimated additional reserves recoverable are the quantity within the estimated 

additional amount in place that geological and engineering information indicates 

with reasonable certainty might be recovered in the future. 

(Note: It is important to recognize that cumulative estimates of oil, coal, and natural 

gas resources must be taken as representative numbers. Some countries, such as the 

Unit ed States, take special efforts to make public their reserve estimates so that public 

policy formulation can be effectively undertaken. Some countries, especially where the 

energy enterprises are government owned, only release partially resource estimates. 
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Other less developed countries may not have the resources to develop estimates of the 

quality comparable to those in the United States. It is also recognized that the above 

definitions may not be uniformly applied in all countries reflecting, for example,  different 

levels of technology and local economic conditions. The implication of this uncertainty is 

discussed at the conclusion of this analysis of the depletion of these energy resources.) 

ü Depletion of affordable  oil  reserves 

Using WEC 2005 data for oil , including oil shale, 

proved recoverable reserves and estimated 

additional reserves recoverable from all global 

sources total  4,972 billion barrels .23 The 

breakdown is 1,521 billion  barrels of proved 

recoverable reserves (what is known today);24 625 

billion barrels of additional reserves recoverable 

(what experts believe can be found and 

recovered);25 and, very optimistically, 2,826 

billion barrels of oil shale.26 Of this total , about 

31% is in proved recoverable reserves known 

today; the balance of 69% is projected future resources yet to be discovered and, especially 

for oil shale, commercially produced with acceptable environmental impact.27 

In 2006, oil production of about 30 billion barrels per yearɂabout 82 million barrels 

per dayɂprovided 37% oÆ ÔÈÅ ×ÏÒÌÄȭÓ ÔÏÔÁÌ ÅÎÅÒÇÙ.28 For this ballpark estimate of when 

oil could be exhausted if current usage patterns remain unchanged, a sufficient supply of 

ÏÉÌ ÉÓ ÁÓÓÕÍÅÄ ÔÏ ÃÏÎÔÉÎÕÅ ÔÏ ÐÒÏÖÉÄÅ ÔÈÉÓ ÐÅÒÃÅÎÔÁÇÅ ÏÆ ÔÈÅ ×ÏÒÌÄȭÓ ÔÏÔÁÌ ÅÎÅÒÇÙ ÓÕÐÐÌÙȢ 

Applying this percentage to the ×ÏÒÌÄȭÓ projected 

total 2100 energy need of 300 billion BOE per year 

translates into a 2100 demand for 110 billion barrels 

of oil per year or about 302 million barrels per 

day.29 The 2006-2100 average is 70 billion barrels  

per year or 192 million barrels per day. 30  

Recognizing that the estimate of 4,972 billion barrels of oil represents an optimistic 

upper bound of what is likely to be recovered, at the average demand of 70 billion barrels 

per year through 2100, all accessible reserves of oil would be depleted in about 71 years. 

With 2005 as the baseline, by 2076 conventional oil  will  no longer be a major world 

energy source. And, to be clear, this includes the nearly 3 trillion  barrels that some very 

optimistically estimate could be recovered from oil shale. 

4,972 billion barrels (oil) ÷ 70 billion barrels per year (2006-2100 avg.) = 71 years of supply 
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What would happen if significant additional oil resources were not developed or made 

availableɂfor example, if oil shale was not exploited, if additional offshore oil recovery 

was not permitted, or if totalitarian governments in control of large reserves significantly 

constrained production? What would happen if oil demand stopped increasing due to 

escalating prices and held constant at άΪΪΰȭÓ 30 billion barrels per year? The proved 

reserves of 1,521 billion barrels of oil would last only about 51 years from 2005ɂuntil 

about 2056ɂat current usage rates.  

1,521 billion barrels (oil) ÷ 30 billion barrels per year (2006 usage) = 51 years of supply 

ü Depletion of affordable coal and natural gas  reserves 

Using the same ballpark methodology, the year of depletion of coal and natural gas 

resources can be estimated. The starting point is to note that coal and natural gas provide 

about 49Г ÏÆ ÔÈÅ ×ÏÒÌÄȭÓ Ånergy.31 Today, this is equivalent to 40 billion BOE per year.32 

Again, assuming sufficient supplies, this demand is 

assumed to grow to 148 billion BOE per year by 

2100.33 The 2006-2100 average is about 94 billion 

BOE per year.34 

The estimate for total worldwi de potentially 

recoverable coal and natural gasɂexpressed in 

terms of barrels of oil equivalentɂis equal to 7,049 

billion  BOE.35 The breakdown is: 3,307 billion BOE of proved recoverable reserves of all 

types of coal,36 1,105 billion BOE of proved recoverable reserves of natural gas,37 716 billion 

BOE of additional reserves recoverable of coal,38 1,007 billion BOE of additional 

technically recoverable reserves of natural gas,39 and 914 billion BOE of syngas produced 

by underground coal gasification.40 Of the total, 

about 63% is in proved recoverable reserves known 

today; the balance of 37% is projected future 

undiscovered resources.41 

At an average rate of desired consumption of 

94 billion BOE per year, assuming adequate and 

affordable supplies and all of the additional coal 

and natural gas is recovered, the woÒÌÄȭÓ ÔÏÔÁÌ coal 

and natural gas reserves would last only about 75 

years from 2005ɂuntil about 2080.  

7,049 billion BOE (coal & gas) ÷ 94 billion BOE per year (2006-2100 avg.) = 75 years of supply 
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ü Depletion of combined oil, coal, and natual gas reserves 

Oil, coal, and natural gas resources total 12 trillion 

BOE.42 Of this total , about 5.9 trillion BOE or 4 9% 

is in proved recoverable reserves.43 The balance of 

6.1 trillion BOE, or 51%, is in yet-to-be discovered 

or commercially-exploited reserves. (Note: The 

additional 6.1 trillion BOE should be viewed as an 

optimistic upper bound for additional reserves 

recoverableɂnot necessarily an estimate suitable 

for energy policy planning purposes.)  

If oil, coal, and natural gas are assumed to 

continue to provide 86Г ÏÆ ÔÈÅ ×ÏÒÌÄȭÓ ÅÎÅÒÇÙ ÎÅÅÄÓ ÔÈÒÏÕÇÈ άΫΪΪȟ ÔÈÅ άΪΪΰ-2100 average 

usage would be 164 billion BOE per year.44 Recognizing that the increasing substitution  of 

these fuels for oil will increase their rate of use, the optimistic upper bound estimate is 

that the total oil, coal, and natural gas resources would last about 73 yearsɂuntil about 

2078. 

12,021 billion BOE ÷ 164 billion BOE per year (2006-2100 avg.) = 73 years of supply 

The 6.1 trillion BOE of expected additional oil, coal, and natural gas reserves is noted 

to represent an optimistic upper bound. The Arctic National Wildlife Reserve (ANWR) is 

estimated to hold upwards of 11 billion barrels of recoverable oil.45 To put the level of 

optimism contained in the preceding depletion estimate into perspective, additional 

proved reserves of oil, coal, and natural gas, comparable in size to ANWR, would need to 

be announced each month for 46 years to reach the 6.1 trillion BOE of additional reserves 

included in the preceding depletion estimate. 

ü Depletion estimate sensitivity  

As noted earlier, there is uncertainty in the accuracy of the estimates of the additi onal 

reserves recoverable. Hence, it is useful to perform a limited sensitivity analysis of the 

depletion estimate made above. 

The 12 trillion BOE total of proved reserves and additional resources includes 6.1 

trillion BOE of yet -to-be discovered resources and oil from oil shale. Assume a further 

+50%, or 3 trillion BOE, increase due to, for example, highly inaccurate current estimates 

of reserves in developing countries. This would only add about 20 additional years. Thus, 

it appears that even under the most optimistic circumstances, by the end of the century 

the world will still need to have transitioned to sustainable energy sources. 

 +50% case: 15,000 billion BOE ÷ 164 billion BOE per year (2006-2100 avg.) = 92 years of supply 
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ü Concluding comments on the depletion of oil, coal, and natural gas  

A reasonable criticism of this simple depletion analysis is that significant amounts of oil, 

coal, and natural gas will always remain underground. For example, even enhanced oil 

and natural gas recovery methods leave about one-third of the oil and natural gas in the 

ground. Underground coal gasification, already included in these depletion estimates, is 

an example of how improved technologies can open currently inaccessible energy 

resources to commercial production . 

While such criticism has merit, the value of the simple depletion analysis, when based 

on clearly optimistic estimates of the recoverable resources, is that it helps to dissuade a 

casual dismissal of the clear need to address the United Statesȭ ÁÎÄ the ×ÏÒÌÄȭÓ needs to 

transition rapidly to sustainable energy sources. Estimating the year when oil, coal, and 

natural gas will no longer be affordable, at least to the average energy consumer, ȰÒÅÄ 

ÆÌÁÇÓȱ ÔÈÅ ÏÂÖÉÏÕÓ ÑÕÅÓÔÉÏÎ ÏÆ ×ÈÁÔ ÔÈÅÎȩ )Ó ÉÔ ÒÅÁÌÌÙ ÐÏÓÓÉÂÌÅ ÔÈÁÔ ÔÈÅ ×ÏÒÌÄ ÃÏÕÌÄ ÌÉÔÅÒÁÌÌÙ 

run out of electricity and modern fuels? (Remember, today 2.4 billion people cannot 

afford modern fuels and 1.6 billion do not have access to electricity.) For the next 

American president, the key policy question becomes what 

needs to be done nowɂin terms of energy policy, 

spending priorities, and implementation strategy and 

plansɂto avoid this catastrophe? Addressing these 

important questions starts with the recognition that oil, 

coal, and natural gas are exhaustible and the 5ÎÉÔÅÄ 3ÔÁÔÅÓȭ 

and the ×ÏÒÌÄȭÓ ÒÁÐÉÄÌÙ ÇÒÏ×ÉÎÇ ÁÐÐÅÔÉÔÅs for energy will 

likely exhaust these gifts of nature in the coming 

decadesɂÐÒÏÂÁÂÌÙ ×ÉÔÈÉÎ ÔÈÅ ÌÉÆÅÔÉÍÅ ÏÆ ÔÏÄÁÙȭÓ ÙÏÕÎÇ 

children. 

21st century energy challenges in a nutshell  

From this assessment of future world energy needs and the limitations of non-renewable 

energy sources, the following conclusions are reached: 

 Recognizing that good economic conditions will  accelerate the increase in per 

capita energy consumption and poor economic conditions will retard the rate of 

increase, the world will need, without energy conservation, up to 3.7X todÁÙȭÓ 

energy production by 2100 to meet the standard of living expectations of both the 

developed and developing nations; 

 4ÈÅ ×ÏÒÌÄȭÓ ÉÎÃÒÅÁÓÉÎÇ ÅÎÅÒÇÙ ÎÅÅÄÓ ×ÉÌÌ ÅØÈÁÕÓÔ ÔÈÅ proved recoverable reserves of 

oil, coal, and natural gas about mid-century; 

Copyright © Nova Development. 
(Used with permission.) 



The End of Easy Energy and What to Do About It 

26 
 

Providing adequate and affordable energy, while transitioning from non-
ǊŜƴŜǿŀōƭŜ ǘƻ ǎǳǎǘŀƛƴŀōƭŜ ŜƴŜǊƎȅ ǎƻǳǊŎŜǎΣ ƛǎ !ƳŜǊƛŎŀΩǎ нмst century energy 
challenge that must be solved to, literally, keep the lights on. 

 

 Expanding the proved recoverable reserves of oil, coal, and natural gas through 

increased exploration and the use of new recovery technologies will help to 

smooth the transition to sustainable energy sources by the end of the century; and, 

 By the end of the century, the world will need to have expanded its sustainable 

energy production by a factor of about 26 (26X)ɂrequiring the addition of ÔÏÄÁÙȭÓ 

nuclear and renewable energy production capacity every 4 years. 

In a nutshell, these are  the 21st ÃÅÎÔÕÒÙȭÓ energy supply challenges  that an 

effect ive U.S. energy policy and its implementation  must address : 

 Find and produce more oil, coal,  and nat ural gas to meet growing demand  

in order to minimize energy scarcity  and price escalation  during the 

decades-long transition  to sustainable energy supplies;  

 Adopt prudent energy conservation improvements to reduce the per capita 

energy needs of the United States , as well as the rest of the world , without 

involuntarily reducing  the standard of living;  and , 

 Aggressively t ransition to sustainable energy sources to supplement and 

then fully repla ce oil, coal,  and natural gas resources  as soon as is practical.  

 
























































































































































