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he did, which can be downloaded here. For the past four years, he has been researching
aspects of sustainability. Prior to that time, he worked for 30 years as an executive and
consultant in Information Technology.

Abstract

During the pre-recession years of the 21st century, we experienced wide-ranging nonrenewable
natural resource (NNR) scarcity on a global scale for the first time. Supplies associated with an
overwhelming majority of the global energy resources, metals, and minerals that enable our
industrialized way of life failed to keep pace with increasing global demand during the 2000-2008
period, resulting in global NNR supply shortfalls.

Global NNR scarcity will intensify going forward, as global economic activity levels, economic
growth rates, and corresponding NNR demand return to their pre-recession levels; and global
NNR supply levels continue to approach and reach their geological limits. The debilitating societal
effects associated with global NNR scarcity, which we experienced to a limited degree during the
Great Recession, will also intensify going forward, as temporary global NNR supply shortfalls
become permanent.

The Global Nonrenewable Natural Resource Scarcity Assessment quantifies the scope associated
with global NNR scarcity, both prior to the Great Recession and going forward, by analyzing
global production (extraction) data, price data, and reserve base estimates associated with a
broad array of energy resources, metals, and minerals.

The salient findings associated with the assessment: 50 of the 57 analyzed NNRs (88%)
experienced global scarcity during the 2000-2008 period; 23 of the 26 analyzed NNRs (88%) will
likely experience permanent global supply shortfalls by the year 2030.

At the end of the day, we are not about to “run out” of any NNR; we are about to run “critically
short” of many. This reality will have a devastating impact on our industrial lifestyle paradigm.

Introduction

Nonrenewable Natural Resources—the Enablers of Industrialization
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Our industrial® lifestyle paradigm is enabled by nonrenewable natural resources (NNRs)—energy
resources, metals, and minerals. Both the support infrastructure within industrialized nations and
the raw material inputs into industrialized economies consist almost entirely of NNRs; NNRs are
the primary sources of the tremendous wealth surpluses required to perpetuate industrialized
societies.

As a case in point, the percentage of NNR inputs into the US economy increased from less than
10% in the year 1800, which corresponds roughly with the inception of the American industrial
revolution, to approximately 95% today.2>3 Between 1800 and today, America’s total annual
NNR utilization level increased from approximately 4 million tons to nearly 7 billion tons—an

increase of over 1700 times!4

In the absence of enormous and ever-increasing NNR supplies, the 1.2 billion people® who
currently enjoy an industrialized way of life will cease to do so; and the billions of people aspiring
to an industrialized way of life will fail to realize their goal.

NNR Scarcity

As their name implies, NNRs are finite—they are not replenished by Nature;® and they are scarce
—economically viable NNR deposits are rare. Persistent extraction (production) will therefore
deplete recoverable NNR reserves to exhaustion. [Note: the terms NNR “production” and NNR
“extraction” are used interchangeably throughout the paper. Although “extraction” is the proper
term—humans do not produce NNRs—the term “production” has gained wide acceptance within
the NNR extraction industries. ]

The typical NNR depletion cycle” is characterized by:

The NNR Depletion Cycle

NNR Extraction

Level Eeak

Continuously Continuously
More and More Less and Less

Time

Figure 1

a period of “continuously more and more”, as the easily accessible, high quality, low cost resources

are extracted; followed by a “supply peak”,® or maximum attainable extraction level; followed by
a period of “continuously less and less”, as the less accessible, lower quality, higher cost resources
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are extracted.

Since the inception of our industrial revolution, humanity has been the beneficiary of
“continuously more and more” with respect to available NNR supplies. Unfortunately, in the
process of reaping the benefits associated with “continuously more and more”, we have been
eliminating—persistently and systematically—the very natural resources upon which our
industrialized way of life depends.

Increasingly, global NNR supplies are transitioning from “continuously more and more” to
“continuously less and less”, as they peak and go into terminal decline. As a result, NNRs are
becoming increasingly scarce—ever-tightening global NNR supplies are struggling to keep pace
with ever-increasing global demand.

The Analyses

The following Global Nonrenewable Natural Resource Scarcity Assessment quantifies the
magnitude associated with increasing global NNR scarcity and the probabilities associated with
imminent and permanent global NNR supply shortfalls. The assessment consists of two analyses,
both of which are based on US Geological Survey (USGS) and US Energy Information

Administration (EIA) data.?

e The Global NNR Scarcity Analysis assesses the incidence of global scarcity associated
with each of 57 NNRs during the period of global economic growth (2000-2008) prior to the
Great Recession.

e The Global NNR Supply Shortfall Analysis assesses the probability of a permanent
global supply shortfall associated with each of 26 NNRs between now and the year 2030.

Summary Findings

Global NNR Scarcity Analysis Summary Findings

Fifty (50) of the 57 analyzed NNRs (88%) experienced some level of global scarcity during the
period of global economic growth (2000-2008) that preceded the Great Recession.
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Pre-recession (2000-2008) Global NNR. Scarcity Summary

Extremely Very Moderately Marginally Not
Scarce (6) Scarce (21) Scarce (22) Scarce (1) Scarce (7)
Bromine Aluminum Antimony PGM Arsenic
Gold Bauxite Beryllium Barite
Mercury Cadmium Bismuth Boron
Tantalum Cement Coal Diamond
Tellurium Chromium Cobalt Garnet
Thallium Copper Gallium Lithium
Fluorspar Germanium Nicbium
Magnesium Compounds | Graphite
Molybdenum Gypsum
Natural Gas Indium
Nickel Iron Ore
Nitrogen (Ammonia) Lead
Qil Lime
Phosphate Rock Manganese
Potash Salt
REM Silicon
Rhenium Silver
Selenium Soda Ash
Strontium Tin
Sulfur Vanadium
Tungsten Zinc
Zirconium
Figure 2

Global NNR Supply Shortfall Analysis Summary Findings

Twenty three (23) of the 26 analyzed NNRs (88%) will likely experience a permanent global NNR

supply shortfall by the year 2030.

Permanent Global NNE Supply Shortfall (byv 2030) Probability Summary
Nearly Certain Very High High Low
Probability (3) Probability (8) Probability (10) Probability (3)
Cadmium Cobalt Chromium Bauxite
Gold Lead Coal REM
Mercury Molybdenum Copper Tin
Tellurium PGM Indium
Tungsten Phosphate Rock Iron Ore
Silver Lithium
Titanium Magnesium Compounds
Zinc Natural Gas
Nickel
Qil
Phosphate Rock
Figure 3

Global NNR Scarcity Analysis

The Global NNR Scarcity Analysis is based on US Geological Survey (USGS) and US Energy
Information Administration (EIA) data related to global production and pricing associated with
fifty seven (57) NNRs—energy resources, metals, and minerals.
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Global NNR Scarcity

NNR Scarcity

NNR Supply Aggregate NNR Demand
and Demand :
: -
Aggregate NNR
Suppl
Aggregate NNR PPl
Demand & Supply
Time

Figure 4

In a general sense, NNR scarcity exists when aggregate NNR supply is insufficient to meet
aggregate NNR demand; the result is unfulfilled NNR demand. Ongoing NNR scarcity is
characterized by an increasing NNR price level, which fails to induce sufficient incremental NNR
supply to suppress the price level.

Global NNR Scarcity Analysis Overview

The Global NNR Scarcity Analysis assesses the incidence of global scarcity associated with 57
NNRs during the period of global economic growth (2000-2008) prior to the Great Recession.

Specifically, the analysis compares annual global NNR production data and NNR pricing data'®
from the 20th century with that of the pre-recession 21st century (2000-2008). NNRs
considered “scarce” during the 2000-2008 period are those for which 21st century global NNR
production levels were insufficient to suppress rising 21st century price levels.

NNR scarcity levels are defined by the following NNR production level and price level
combinations:
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ININR Scarcity Level Definitions

NNR Scarcity Corresponding NNR Corresponding NNR
Level Production Level Price Level

NNR production levels decreased during NNR price levels decreased during the
Extremely the 20° century then decreased more 20™ century then increased during the
Scarce rapidly during the 21% cenfury. M'l st | 21% century. MSL

MNNR production levels increased NNF& rice levels decreased during the
Extremely during the Eﬁ:‘ century then decreased | 20" : century then increased during the
Scarce during the 217 century. 208~ 21 21% century Mn

NNR production levels increased NNR price levels increased during the 207
Extremely during the 207 century then decreased | century then increased mare rapidiy during
Scarce during the 21% century. 205~ 214 W 21 Cenllly. ag.gim

Nr\_JnR production levels increased during the NNR price levels decreased during the
Very Scarce | 20" century then increased more slowly 20™ century then increased during the

during the 21 century. it 21* century
20577 ogi~——"T1%

Nr\_JnR production levels increased during the | NNR price levels increased during the 20
Very Scarce 207 century then increased more slowlv century then increased more rapidly during
"y during the 21 century. w‘—“ the 21* century M“

NNR production levels increased during the NNF& price levels decreased during the

Moderately 20" century then increased more rapidly 20™ century then increased during the
Searce during the 21 century. 200~ 215 215t century. EM“

MMR production levels increased during the | NNR price levels increased during the |

Moderately 20™ century tgen increased more rapidly centur‘,f then increased more rapidly during
Scarce during the 21* century. 20th_~21% the 21 century M

NMNR production levels increased during the | NNR price levels increased during the 20™

Marginally 20™ century then increased more rapidly century then increased maore slowly during
Scarce during the 21 i century. z/ﬁﬂ'l/ziﬂ the 21% century M"ﬁ

NNR pmductlon levels increased NNR price levels decreased during the 20™ |
Not Scarce during the 20" century then decreased | century then decreased more rapidly during

during the 21% century. 2 20h~ 21 the 21 century F\ﬂ:

NNR production levels increasad during the | NNR price levels decreased during the v

Not Scarce 2™ century Lhen increased more slowhs centur then derrgasad mare rapidly during
during the 21" cenfury. Mﬂ the ;1 century %\1-&

NNR production levels increased during the | NNR price levels decreased during the 20™
Not Scarce 20™ centu ry then increased more rapidly century then decreased more rapidly during

; ~ 48t B
during the 21™ century. 20th_~"215t the 217 century Nﬂ

NNR production levels increased during the NNF& price levels increased during the

Not Scarce 20" century then increased more rapidly 20™ century then decreased during the
during the 21 centun V. V ! 51 century 2 qst

Figure 5
Global NNR Scarcity Assessment
The following table contains 20th century and 21st century global production trend data and price

trend data for each of the 57 analyzed NNRs. Specifically, it contains the compound annual growth
(decline) rates associated with global NNR production levels and NNR price levels during the 20th
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century and 21st century (2000-2008). The table also notes the level of scarcity experienced by
each NNR during the 2000 to 2008 time period. (See Appendix A: Global NNR Scarcity
Probability Detail.)

Global NNE Scarcity During the 2000-2005 Period

Rate of Annual NNR Froduction Rate of Annual HNR Price Level of
NNR Increase/Decrease(-] Increase/Decrease(-} MNNER
Scarcity
20th Cent Z1st Centu 20th Cent Zist Cent
entury = enfury entury 5 entury {20“0-2&@3]
Aluminum 8.5% B.3% -2. 2% 4.6% Very
Antimony 1e% +.2% -1.1% 17.0% Moderate
Arsenic Z1% 1.5% -1.1% -3.0% Not
Barite 40% 12% -0.4% -1.0% Mot
Bauxite 7.6% 5.3% -1.2% 1.0% 'lul'er'_lil'
Beryllium 3.2% 5.2% -4.4% 7.2% Moderate
Bismuih 6% G D% 12.50% Moderate
Boron 45% -25% 05% 0.8% Mot
Bromine 48% -3.8% -2 8% 3.7% Extreme
Cadmium 7.6% 0.3% 33% 0E% Very
Cement 14.8% 7.2% -0.1% 1.1% Very
Chromium 5.8% 4. 5% -0.4% 17.8% Very
Coal 1.8% £.0% -1.8% 31% Moderate
Cobalt 0% EO0% 3% 11.7% Moderate
Copper 3.3% 2.2% 1.79% 17.6% Very
Diamond {Indus. ) B8.5% 4.2% -168% -5.5% Mot
Fluorspar 3.8% 3.5% 0.0% 5.8% Very
Gallium 6.8% 0.73% -2 7% -1.7% Moderate
Gamet {Indus._) 4.8% 4% -1.2% -1.5% Mot
Germanium 1.3% 5.27% -2.2% 0.5% Moderate
Gold 1.9% -1.3% -0.3% 12.0% Extreme
Graphite 2.4% 3.3% -1.3% 0.8% Moderate
Gypsum 3.2% 4.3% 0.2% I3% Moderate
Indium 58% £2% -B.0% 14.4% Moderate
Iron Ore 5.1% B.4% -0.8% 2.5% Moderate
Lead 18% 12% 08% 11.7% Moderate
Lime 1.8% 11.5% -0.3% 445 Moderate
Lithium 5. 5% 0.E% -3.3% 5.2% Mot
Magnesium Comp. 37% 26% 0.0% 1.3% Very
Manganese 5% 8.1% 0.2% 2.0% Moderate
Mercury -0.8% 4% -1.8% 18.2% Extreme
Molyhdenum 10.0% 5.8% -0.8% 0.6% Very
Matural Gas 5.1% 2.8% 4.3% T4% Very
Mickel 5.1% 2.5% -1.0% o185 Very
Nichium B.6% 11.7% 0.5% £7% Mot
Mitrogen (fixed) 7.3% 10% -13% 12.6% Very
Ol 8.1% 1.4% 0.7% 14.0% Very
Fhosphate Rock 3.8% 1.0% -1.2% 17.0% Very
PGM 4.0% 4.8% 1.5% 0.7% Marginal
Patash 8.8% 37% -2.1% 17.2% Very
REM 4.8% 4.0% 4 5% 119 Very
Rhenium 5.3% 5 8% -4.0% 5.6% Very
Salt 8% 1T% -0.0% 20% Moderate
Selenium 27% 0. 1% -21% 2274 Very
Silicon 2.5% A% 0.2% TT% Moderate
Silver 1.2% 18% -0.9% 18 2% Moderate
Soda Ash 2.9% 3.7% -2 0% 34% Moderate
Strongium B.4% 3.3% 0.2% 25% Very
Sulfur 28% 1.0% -21% 1589 Very
Tantalum 3.3% -3.3% -1.2% 9.8% Extreme
Tellurium 5.7% -3.6% -1.1% 22% Extreme
Thallium 0.7% —+.0% 2.0% 14.9% Extreme
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I EER 3. TS

T LI Moderate
Tungstzn 34% 2 7% -0.3% 18.1% Very
Vanadium 3.5% 4.5% -2 1% 17.5% Moderate
Fine 3.0% 3.2% -0.5% 31% Moderate
Zirconium B 8% 0% B.8% Moderate
Figure 6

Macro Level Global NNR Scarcity Assessment

During the 20th century, global production levels associated with 56 of the 57 analyzed NNRs
(98%) increased annually, while global price levels associated with 45 of the 57 analyzed NNRs
(79%) decreased annually.

Generally increasing global NNR production levels in conjunction with generally decreasing global
NNR price levels indicate relative global NNR abundance during the 20th century. On the whole,
global NNR supplies kept pace with ever-increasing global demand during the 20th century.

During the pre-recession years of the 21st century (2000-2008), annual global production level
growth rates associated with 34 of the 57 analyzed NNRs (59%) decreased in comparison to 20th
century growth rates, or actually went negative; while annual global price level growth rates
associated with 51 of the 57 analyzed NNRs (89%) increased in comparison to 20th century
growth rates.

Generally slowing or declining global NNR production growth in conjunction with generally
increasing global NNR prices indicate increasing NNR scarcity during the early years of the 21st
century—annual global NNR supplies were increasingly unable to keep pace with ever-increasing
global demand.

Global NNR Scarcity Analysis Findings

An overwhelming majority (88%) of the analyzed NNRs—50 out of 57—experienced some level of
global scarcity during the pre-recession years of the 21st century; available global supplies
associated with these NNRs could not keep pace with demand during the 2000-2008 period. At
issue is whether this phenomenon is temporary or permanent.

In some cases, global NNR scarcity during the early 21st century was undoubtedly a temporary
phenomenon. Sufficient additional NNR reserves existed to fulfill global requirements; but they
could not be produced quickly enough to keep pace with ever-increasing demand—possibly due to
geopolitical constraints or to the lack of sufficient capital investment. Remaining supplies
associated with these NNRs will be sufficient to contribute toward the complete restoration of
pre-recession global economic activity levels and growth rates (this time).

In other cases, global NNR scarcity is a permanent condition; available NNR supplies were
physically (geologically) unable to keep pace with ever-increasing demand during the 2000-2008
period. Remaining supplies associated with these NNRs are no longer sufficient to contribute fully
toward pre-recession global economic activity levels and growth rates.

Given that industrialized and industrializing nations will attempt to recover from the Great
Recession as quickly as possible—thereby restoring or exceeding pre-recession economic activity
levels and growth rates—it will soon become evident which NNRs experienced temporary global
scarcity during the early 21st century and which experienced permanent global scarcity.
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It will certainly become evident that an increasing number of NNRs are becoming increasingly
scarcity globally, as ever-tightening global NNR supplies fail increasingly to keep pace with
relentlessly increasing global NNR demand. And while we may recover fully from the Great
Recession, permanent global NNR supply shortfalls will preclude our full recovery from a
subsequent global economic contraction at some point in the not-too-distant future.

Global NNR Shortfall Analysis

The Global NNR Supply Shortfall Analysis is based on US Geological Survey (USGS) and US
Energy Information Administration (EIA) global NNR extraction data and (Verhulst) logistics
curve fitting analyses!! associated with 26 NNRs.

Global NNR Supply Shortfalls

NNR Supply Shortfall

NNR Supply
Level

Figure 7

An NNR supply shortfall occurs when the available NNR supply level is less than the supply level
required to enable a society’s prevailing economic activity level and growth rate. An NNR supply
shortfall can be temporary, permanent, or fatal.

A temporary NNR supply shortfall occurs when the available NNR supply level falls below
the “required” supply level for a finite period of time. Since the available NNR supply level
ultimately recovers to the required level, the society’s pre-shortfall economic activity level and
growth rate are restored.

A permanent NNR supply shortfall occurs when the available NNR supply level falls below
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the “required” supply level forever. Since the available NNR supply level never recovers to the
required level, the society’s pre-shortfall economic activity level and growth rate are not
restored.

A fatal NNR supply shortfall occurs when the available NNR supply level falls below the
“critical” supply level forever. At this point, available NNR supply can no longer enable the
production and provisioning of one or more societal essentials—clean water, food, energy, shelter,
clothing, and infrastructure—at levels sufficient to support the society’s existing population.

Global NNR Supply Shortfall Analysis Overview

The Global NNR Supply Shortfall Analysis assesses the probability of permanent global supply
shortfalls associated with 26 NNRs between now and the year 2030.

Specifically, the analysis compares historic and projected annual global NNR extraction levels
associated with each NNR through the year 2030, with the actual or projected peak extraction
level associated with the NNR. An imminent and permanent global NNR shortfall is considered
probable if the annual global NNR extraction level has already reached its global peak extraction
level, or if the projected annual global NNR extraction level is expected to reach its projected
global peak extraction level by the year 2030.

The probabilities that an NNR will experience a permanent global supply shortfall by the year
2030 are defined as follows:

Nearly Certain Probability: it is very likely that the actual annual global NNR extraction level
reached its geological global peak extraction level prior to the year 2010.

Very High Probability: the actual annual global NNR extraction level exceeded its projected
(Verhulst) global peak extraction level prior to the year 2010.

High Probability: it is very likely that the projected annual global NNR extraction level will
exceed its projected (Verhulst) global peak extraction level between the years 2010 and 2030.

Low Probability: it is very unlikely that the projected annual global NNR extraction level will
exceed its projected (Verhulst) global peak extraction level prior to the year 2030.

Global NNR Supply Shortfall Assessment

The following table contains current (2007/2008) annual global NNR extraction level data, year
2030 global NNR extraction level estimates, and global peak NNR extraction level estimates for

each of the 26 analyzed NNRs.!? The table also notes the probability that each of the 26 NNRs
will experience a permanent global supply shortfall by the year 2030.
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Permanent Global NNE Supply Shortfall Probabilities (bv the Year 2030)

Global NNR Extraction Data and Esfimates Probability of
Current 2000-2008 Projected Peak a Permanent
NNR Annual Annual Projected 2030 Global (Annuall | glopal Supply
Extraction Extraction Annual Extraction NNR Extraction Shortfall by
Lewel Growth Rate Lewsl Lewel the Year 2030
Bauxite 2050 MT £.3% G350 MT 1.400M MT Low
Cadmium 208K MT Global Extraction Has Likely Peaked 21.9K MT Mearly Certain
Chromium B.Gh WIT a.0% 10.5M MT 558 MT High
Coal G, 2008 ST 8.0% 26,300M 5T 11,000M 5T |-||g|-|
Cobalt T1LEK MT 59.0% 4TEM MT TOE MT VEW ngh
Copper 1578 MT 20% EIMMT JOM T High
Gold 23K MT Global Extraction Has Likely Peaked 2.6K MT Nearly Certain
Indium HE8 MT 8.8% 2415 MT B30 MT H|g|'|
Tron Ore 728 MT TA% T5.88 MT OB MT High
Lead 3.8M MT 7 %% B 1M MT 3.AMMT Very High
Lithium 374K MT T.0% SO BT ETE MIT High
Manganese 140 MT 8.1% SEM MT TIMMT High
Mercury 1K MT Global Extraction Has Likely Fzaked I04KMT MNearly Certain
Molybdenum 212K MT 5.8% T33M MT 180K MT "H'IEF}" |-E|gh
Matural Gas 10T GF 2 8% 207T CF 140T CF High
HMickel 188 MT 2.8% 2,801 MT 1.85M MT |-||u|-|
Ol 31.5B bbls 14% 3% 3B bhols 356 boiz High
PGM 504 MT 28% 1481 MT 40 MT Very High
Phosphate Rock 1687 MT 30% 320M MT 15084 T 'Iul'enlr H|gh
REM T2 WIT 0% TOAR T 3.060F Wt Low
Silver 20.8K MT 1.8% K MT 18K MT 'Iul'enlr H|gh
Tellurium <05 MT Global Extraction Has Likely Peaked 212 MT Mearly Certain
Tin TEINT 7% E45H NIT R Low
Titamium 288 MT 8.2% JEM MT BM MT Uer_l,,r HIQE'I-
Tungsten B4 8K MT Global Extraction Has Likely Peaked 66_5H MT MNearly Certain
Zinc 11.3M MT 3.2% | 23M MT 10.3MMT Very High

{1} In cases where the antmal “global extraction level has hkely peaked”, the figune 15 the USGS global “peak-to-date™
MR extracnion (production) level

Figure 8

Twenty three (23) of the 26 analyzed NNRs (88%) will likely experience permanent global NNR
supply shortfalls by the year 2030—available global supplies associated with these NNRs will fail
permanently to meet global NNR demand by that time. Specifically:

Actual annual global extraction levels associated with cadmium, gold, mercury, tellurium,
and tungsten have likely reached their geological global peak extraction levels, and are in
terminal decline worldwide.

The probability that these NNRs will experience permanent global supply shortfalls by the year
2030 is nearly certain, assuming near term recoveries to pre-recession NNR extraction levels
and growth rates, and the continued inability of recycled NNRs to more than offset ever-

tightening newly extracted supplies.!3

Actual annual global extraction levels associated with cobalt, lead, molybdenum, PGM,
phosphate rock, silver, titanium, and zinc exceeded their projected Verhulst global peak
extraction levels prior to the year 2010. Current annual global extraction levels associated with
these NNRs are likely near or at their geological global peak extraction levels.

The probability that these NNRs will experience permanent global supply shortfalls by the year
2030 is very high, assuming near term recoveries to pre-recession NNR extraction levels and
growth rates, and the continued inability of recycled NNRs to more than offset ever-tightening

newly extracted supplies.'3
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Actual annual global extraction levels associated with chromium, coal, copper, indium,
iron ore, lithium, magnesium compounds, natural gas, nickel, oil, and phosphate
rock are expected to exceed their projected Verhulst global peak extraction levels between the
years 2010 and 2030.

The probability that these NNRs will experience permanent global supply shortfalls by the year
2030 is high, assuming near term recoveries to pre-recession NNR extraction levels and growth
rates, and the continued inability of recycled NNRs to more than offset ever-tightening newly

extracted supplies.'3

Actual annual global extraction levels associated with bauxite, rare earth minerals, and tin
are not expected to exceed their projected Verhulst global peak extraction levels prior to the year
2030.

The probability that these NNRs will experience permanent global supply shortfalls by the year
2030 is low, unless future NNR extraction levels and growth rates far exceed pre-recession
extraction levels and growth rates, due to unforeseen increases in global demand.

Note that national and/or regional NNR supply shortfalls should be expected to occur, primarily

for geopolitical reasons,'4 even though global NNR supplies remain at sufficient levels to fully
address global demand.

Global NNR Supply Shortfall Analysis Findings

Fifty (50) of the 57 NNRs (88%) analyzed in the Global NNR Scarcity Analysis experienced global
scarcity—and therefore experienced temporary (at least) global supply shortfalls—during the
2000-2008 period. Twenty three (23) of the 26 NNRs (88%) analyzed in the Global NNR Supply
Shortfall Analysis are likely to experience permanent global supply shortfalls by the year 2030.

Each permanent NNR supply shortfall represents another crack in the foundation of our
globalizing industrial lifestyle paradigm; at issue is which crack or combination of cracks will cause
the structure to collapse?

Permanent global supply shortfalls associated with a single critical NNR or with a very few
secondary NNRs can be sufficient to cause significant lifestyle disruptions—population level
reductions and/or material living standard degradation.

A permanent shortfall in the global supply of oil, for example, would be sufficient to cause
significant local, national, and/or global lifestyle disruptions, or outright global societal collapse; as
would permanent global supply shortfalls associated with 2-3 critical NNRs such as potassium,
phosphate rock, and (fixed) nitrogen; as would concurrent permanent global supply shortfalls
associated with 4-5 secondary NNRs such as the alloys, catalysts, and reagents that enable the

effective use of critical NNRs.19

Given our vulnerability to an ever-increasing number of imminent and permanent global NNR
supply shortfalls, the likelihood that the mix and volume of shortfalls will reach their “critical
mass” is a question of “when”, not “if”.

Implications of Increasing Global NNR Scarcity

Increasing NNR Scarcity
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Available supplies associated with an overwhelming majority of NNRs—including bauxite, copper,
iron ore, magnesium, manganese, nickel, phosphate rock, potash, rare earth metals, tin, and zinc
—have reached their domestic US peak extraction levels, and are in terminal decline.'® Based on
the evidence presented above, available supplies associated with a vast majority of NNRs are
becoming increasingly scarce globally as well.

NNR Supply -
Levels
Economic |
Activity Levels ] :
Pl t_ity —— Continuously Continuously

OopLiation Leve

Living Standards More and More Less and Less

Past Present Future Time

Figure 9

Because global NNR supplies are transitioning from “continuously more and more” to
“continuously less and less”, our global societal wellbeing levels— our economic activity levels,
population levels, and material living standards—are transitioning from “continuously more and
more” to “continuously less and less” as well.

America—an Example of “Advanced” NNR Scarcity

A US NNR Scarcity Analysis was conducted to assess the incidence of NNR scarcity associated
with fifty eight (58) NNRs in the United States.!” The salient findings:

e Annual US production levels associated with 50 of the 58 analyzed NNRs have reached their
geological US peak production levels;

e Twenty five (25) of the 58 analyzed NNRs are no longer being produced in the US at all;

e The US currently imports some quantity of 46 of the 58 analyzed NNRs; and

e For 18 of the 58 analyzed NNRs, the US imports 100% of its current annual utilization level.

America has been able to supplement its continuously decreasing domestic NNR production levels
—thereby forestalling fatal NNR supply shortfalls—by:

e Importing ever-increasing quantities of NNRs from foreign nations;

e Outsourcing US manufacturing operations to foreign offshore locations, thereby utilizing
foreign NNRs; and

e Becoming a net importer of foreign goods and services, thereby utilizing foreign NNRs
throughout the product/service production and provisioning processes.
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Increasing Global NNR Scarcity

So long as 1.2 billion people seek to perpetuate their industrialized lifestyles and billions more
actively aspire to an industrialized way of life, global NNR requirements and demand levels will
increase unabated—while ever-tightening NNR supplies will continue to approach and reach their
global peak levels.

The result of this demand/supply imbalance is a fundamental shift in the relationship among
global NNR demand levels, supply levels, and utilization levels.

Increasing Global NNR Scarcity

NNR Utilization

Historic NNR
Demand &
Supply Lavels

v Future NNR
\  Supply Levels

Past Fre!sent Time

Figure 10

We are evolving from a “demand driven” NNR utilization paradigm in which our NNR utilization
levels are determined by ever-increasing NNR demand, which is always met with ever-increasing
supplies; to a “supply constrained” NNR utilization paradigm in which our NNR utilization levels
will be determined by continuously decreasing NNR supplies, which will fail increasingly to keep
pace with demand.

While the US has been able to rely on foreign NNR sources to offset its continuously decreasing
domestic NNR production levels, the world has no such “safety net”—there is only one earth.

Footnotes

(1) The term “industrial” as used here includes all post-agrarian societal designations such as
“post-industrial”, “advanced”, “modern”, and “developed”; all of which describe human
populations that rely heavily upon nonrenewable natural resources.

(2) Estimated US nonrenewable materials (minerals) as a percentage of total US mineral
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utilization in the year 1800: US per capita mineral use in 1800 was ~1500 Ibs. -

http://www.mii.org/pdfs/Minerals1776vsToday.pdf. Total US energy consumption in 1800 was

47 quadrillion BTUs, all generated from biomass [wood] -
http://www.eia.doe.gov/emeu/aer/txt/stb1701.xls. Given that the energy content of wood
averages ~20 million BTUs per cord -

http://hearth.com/econtent/index.php/articles/heating value wood, ~23.5 million cords of
wood were used that year for “energy generation” purposes alone; this equates to ~4.43
cords/person on average, given an 1800 US population of 5.3 million -
http://www.measuringworth.com/. A cord of hardwood weighs ~5000 Ibs.; a cord of soft wood
weighs ~3000 lbs - http://www.csgnetwork.com/logweight.html; assuming only 3,000 Ibs./cord,
the 4.43 cords/person equates to 13,300 lbs. of energy-related wood use per capita in 1800. The
13,300 lbs. figure does not include wood used for building and construction purposes; nor does it
include agricultural material flows into the economy that year. Even so, the 1,500 Ibs. of mineral
use combined with the 13,300 Ibs. of energy-related wood use produce a total of nearly 15,000
Ibs. of material resources used per person in 1800, of which approximately 90% were renewable.
It can be readily asserted that with the inclusion of “non-energy” wood use and agricultural
material use, well over 90% of the material resources flowing into the US economy in 1800 were
renewable; less than 10% were nonrenewable.

(3) Estimated US nonrenewable materials (minerals) as a percentage of total US mineral
utilization in the year 2007: the 2006 percentage of renewable materials flowing into the US
economy from the Wagner USGS study was ~5% (see “the Mineral Mountain” and pgs. 20-24);
nonrenewables accounted for approximately 95% of the materials flowing into the US economy
that year; “Economic Drivers of Mineral Supply”, Lori Wagner et al., USGS, 2002 -
http://pubs.usgs.gov/of/2002/0f02-335/0f02-335.pdf.

(4) 2008 data from “2008 Mineral Baby”, Mineral Information Institute, 2009 -

http://www.mii.org/pdfs/2009miiMineralsBaby.pdf; 1800 data from “The American Lifestyle”,

pg. 3 (1776 estimate of 1200 pounds per capita extrapolated to 1500 pounds per capita in 1800);

Mineral Information Institute, 2006 - http://www.mii.org/pdfs/Minerals1776vsToday.pdf.

(5) Lawrence Smith estimates that 1.2 billion people currently reside in industrialized countries;
from “Growth and Dispersal: A Planet on the Move”, (The Population Institute), 2006 - .

(6) The term “Nature”, as used here, refers to the inestimable number of physical, chemical,
geological, and biological processes and phenomena that define the physical world in which we
live; neither consciousness nor a physical manifestation is attributed to “Nature”.

(7) Colin Campbell explains the depletion function associated with nonrenewable natural
resources and provides examples pertaining to oil depletion in “The Coming Oil Crisis”, pgs. 95-
97; Colin J. Campbell, Multi-Science Publishing Company & Petroconsultants S.A; 1988.

(8) “Peak” NNR production (extraction) does not imply imminent “exhaustion”. At peak,
approximately half of the ultimately recoverable resource still remains to be extracted. The post-
peak half of the resource is simply increasingly more energy-intensive, resource-intensive, and
financially expensive to extract than the pre-peak half.

(9) Global NNR Scarcity Analysis and Global NNR Supply Shortfall Analysis data sources:

e “Mineral Commodity Summaries 2009”7, USGS, 2009 -
http://minerals.usgs.gov/minerals/pubs/mcs/2009/mecs2009.pdf;
e “Mineral Commodity Summaries (history)”, USGS, 2009 -
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http://minerals.usgs.gov/minerals/pubs/mcs/;

e “Historical Statistics for Mineral and Material Commodities in the United States”, USGS,

2009 - http://minerals.usgs.gov/ds/2005/140/;
e “Estimated Primary Energy Consumption in the United States, Selected Years, 1635-1945",

EIA - http://www.eia.doe.gov/emeu/aer/txt/stb1701.xls;

¢ “Primary Energy Consumption by Source”, 1949-2008”, EIA -
http://www.eia.doe.gov/emeu/aer/txt/ptbo103.html;
e “World Primary Energy Production by Source, 1970-2006” -

http://www.eia.doe.gov/emeu/aer/txt/ptb1101.html;
e “Crude Oil Production and Crude Oil Well Productivity, 1954-2008", EIA -
http://www.eia.doe.gov/emeu/aer/txt/stbo502.xls;

e “Petroleum Overview, 1949-2008", EIA -
http://www.eia.doe.gov/emeu/aer/txt/stbo501.xls
e “Natural Gas Overview, 1949-2008”, EIA -

http://www.eia.doe.gov/emeu/aer/txt/stbo601.xls;

e “Coal Overview, 1949-2008”, EIA - http://www.eia.doe.gov/emeu/aer/txt/stbo701 xls;

e “Crude Oil Domestic First Purchase Prices, 1949-2008, EIA -
http://www.eia.doe.gov/emeu/aer/txt/stbo518.xls;

e “Natural Gas Wellhead, City Gate, and Import Prices, 1949-2008”, EIA -
http://www.eia.doe.gov/emeu/aer/txt/stbo607.xls;

e “Coal Prices, 1949-2008”, EIA - http://www.eia.doe.gov/emeu/aer/txt/stbo708.xls;

e “World Proved Reserves of Oil and Natural Gas, Most Recent Estimates”, EIA, 3 March
2009 (I used arithmetic averages) -
http://www.eia.doe.gov/emeu/international/reserves.html; worldwide coal reserves range
from 662 BST (Rutledge) to 930 BST (EIA)—I took the average;

e “World Energy Use (2003)”, Arthur Smith, 2005 (year 1900 data) -
http://www.altenergyaction.org/mambo/index2.php?
option=com content&do pdf=1&id=11

e “On  American  Sustainability”, pgs. 45-48; Chris Clugston, 2009 -

http://www.wakeupamerika.com/PDFs/On- American-Sustainability.pdf.
e “Minerals Depletion”, Dr. L. David Roper, 2010 -

http://www.roperld.com/science/minerals/minerals.htm.

e “Compound Interest Calculator - http://www.1728.com/compint.htm;

e “The Inflation Calculator” - http://www.westegg.com/inflation/infl.cgi.

(10) All price levels are inflation adjusted to year 2000 USD using “The Inflation Calculator” -

http://www.westegg.com/inflation/infl.cgi.

(11) For an explanation of the Verhulst logistics function and its applicability to projecting NNR

depletion see —  “Depletion  Theory”, Dr. L. David Roper, 1976 -
http://www.roperld.com/science/minerals/DepletTh.pdf and “Verhulst Function for Modeling
Mineral Depletion”, Dr. L. David Roper, 2009 -

http://www.roperld.com/science/minerals/VerhulstFunction.htm.

(12) The projected 2030 annual global NNR extraction level was calculated by extrapolating the
current (2007 or 2008) annual global NNR extraction level out to the year 2030 using the pre-
recession (2000-2008) compound annual growth rate. The projected peak global NNR extraction
level was determined by applying Verhulst logistics modeling (curve fitting) to historic annual
global NNR extraction level data and the USGS global NNR “reserve base” estimate (the larger of
the two USGS estimates of ultimately recoverable resources).
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(13) NNR price levels increased during the pre-recession years of the 215! century, thereby
indicating that “total” global NNR supply, including recycled NNRs, failed to keep pace with total
global NNR demand.

(14) “Continuously Less and Less—the New American Reality, pg. 12, Chris Clugston, 2009 -
http://www.wakeupamerika.com/PDFs/Continuously-Less-and-Less.pdf.

(15) See “Liebig’s Law of the Minimum?”, Wikipedia -
http://en.wikipedia.org/wiki/Rare_earth element.

(16) “Continuously Less and Less—the New American Reality, pgs. 16-19, Chris Clugston, 2009 -
http://www.wakeupamerika.com/PDFs/Continuously-Less-and-Less.pdf.

(17) “Continuously Less and Less—the New American Reality, pgs. 16-25, Chris Clugston, 2009 -
http://www.wakeupamerika.com/PDFs/Continuously-Less-and-Less.pdf

(18) See “Continuously Less and Less—the New American Reality, pgs. 34-36, for a discussion on
America’s impending societal collapse. Conflicts over remaining natural resources, both NNRs and
RNRs, will become increasingly prevalent on both national and international levels. Chris
Clugston, 2009 - http://www.wakeupamerika.com/PDFs/Continuously-Less-and-Less.pdf.

This work is licensed under a Creative Commons Attribution-Share Alike
3.0 United States License.
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