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Gold, 6000 BCE Copper, 4200 BCE Silver, 4000 BCE Tin, 1750 BCE

Lead, 3500 BCE Mercury, 750 BCEIron, 1500 BCE

These seven “Metals of Antiquity”were critical for the 

development of human civilization.

“Men know how to mine silver and refine gold, to dig iron 

from the earth and melt copper from stone“ (Job 28:1-2)

An historical perspective on resources



Where are we as a society? 
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global population, 
economic activity 
and prosperity 
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Life Expectancy



Maternal Mortality, 1751-2013



Child Mortality, 1751-2013



World Population Living in Extreme Poverty
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Resources consumption and discretionary (“free”) time

Access to 
electricity
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Resources consumption and discretionary (“free”) time

Housework

Access to 
electricity



Inventions and discretionary time, 1890-2015



Weekly work hours, 1870-2000



Leisure time in the U.S., 1965-2015



With manual labor and manual tools, it took 25 men a full day (dawn to dusk) 
to harvest and thresh a ton of grain, compared to one person on a GPS-
guided, air conditioned, lumbar-seat-heated combine (the big green 
tractor) that does this in 6 minutes.
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Since 1900, 
global population 
and economic 
activity have 
increased 
significantly,
along with fossil 
fuel consumption.
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The positive and negative

consequences of prosperity?





Easter morning, 1900. 
New York City’s Fifth Avenue

Easter morning, 1913. 
New York City’s Fifth Avenue



The Nineteenth Century, 1868

Frank Blackwell Mayer
(b. 1827, Baltimore, 1827; 
d. 1899 Annapolis)

The leather-aproned 
blacksmith was a potent 
American symbol of noble 
handcrafts during the 
increasingly mechanized 19th

century. His tools lie idle, and 
his anvil is nearly covered by 
an open newspaper, that all 
important vehicle for mass 
dissemination of information.







Shanghai 1987



Shanghai 2013



Chinese students enrolled 
in US universities.





USA

 1891: First mining regulations; 

only ventilation

 1910: Bureau of Mines 

established; coal focus; could not 

enter mines

 1941: Congress directed 

inspectors to enter mines

 1952: Federal Coal Mine Safety 

Act; required annual inspections of 

some mines

 1966: amended to require annual 

inspections at all mines

 1977: Mine Safety and Health Act 

(MSHA) 

 2006: Mine Improvement and New 

Emergency Response Act (MINER 

Act); underground mines 

inspected four times annually











Calls for 100% of U.S. primary energy to be replaced with 
renewable energy resources including wind turbines, 

solar panels and grid-scale battery storage,



Progress toward targets.









Share of electricity generation from wind energy 
sources worldwide from 2010 to 2021



Conservative Liberal



https://www.lazard.com/perspective/levelized-cost-of-energy-levelized-cost-of-storage-and-levelized-cost-of-hydrogen/





What resources are required to 

achieve carbon neutrality? 



How much land is needed for 100% renewable energy? 

Includes all vehicle miles driven, heating, 

air conditioning, hot water, #electrifyeverything

Utility scale solar

Utility scale wind
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Metals come from mines.













We must rapidly increase the

permitting process for metals resources.  



End-of-life recycling rates, global. 





Energy resources, identities, economics


