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KNOCKING





TETRAETHYL LEAD









By Gordon B. Haxel, Sara Boore, and Susan Mayfield from USGS; vectorized by User:michbich -
http://pubs.usgs.gov/fs/2002/fs087-02/, Public Domain, https://commons.wikimedia.org/w/index.php?curid=11215468

Earth’s Crust



Arcones, A., Thielemann, FK. Origin of the elements. Astron Astrophys Rev 31, 1 (2023). https://doi.org/10.1007/s00159-022-00146-x



source: NASA; Hubble Space Telescope image of the Veil Nebula





…the best available science which shows there is no safe 
level of exposure to lead.   

There is no level of exposure to lead that is known to be 
without harmful effects. 

There is no level of exposure to lead that is known to be 
without harmful effects.  

https://www.epa.gov/ground-water-and-drinking-water/basic-information-about-lead-drinking-water 
https://www.who.int/news-room/fact-sheets/detail/lead-poisoning-and-health 
https://www.atsdr.cdc.gov/csem/leadtoxicity/physiological_effects.html



TEL stops knock at 1 part per thousand

Ethanol requires 10%









WILLIAM STANLEY JEVONS

WroteThe Coal Question
(1865), in which he 
observed that increases in 
energy production 
efficiency leads to more, 
not less, consumption.

Jevon’s paradox







2.8 B kg

225 million tons

~2 tons

~8g/ton

~80 ppm

Thought experiment: no electric cars but Pb into gasoline 
to equal Pb emissions just from Cu. 12.5X lower than 
peak concentration but not zero.





SUSTAINABILITY DEFINITION

The process of managing available 
resources, investments and technologies 
to maintain and optimize operations for 
greater safety, reliability, efficiency, and 
environmental and social awareness.



SUSTAINABILITY DEFINITION

Sustainability means meeting our own needs 
without compromising the ability of future 
generations to meet their own needs.

Brundtland Commission



SUSTAINABILITY DEFINITION

Sustainability is the ability to continue a defined 
behavior indefinitely. Environmental sustainability 
is the ability to maintain rates of renewable 
resource harvest, pollution creation, and non-
renewable resource depletion that can be 
continued indefinitely. thwink.org



SUSTAINABILITY DEFINITION

Sustainability is wondrously complicated. Every 
person will give you a slightly different definition 
of sustainability. That’s because sustainability 
really can be applied to almost anything in life.

Arizona State University School of Sustainability



1. The process of managing available resources, 
investments and technologies to maintain and optimize 
operations for greater safety, reliability, efficiency, and 
environmental and social awareness.

2. Meeting our own needs without compromising the ability 
of future generations to meet their own needs.

3. The ability to continue a defined behavior indefinitely. 
4. Wondrously complicated. 

WHAT IS THE BEST DEFINITION?



SUSTAINABILITY DEFINITION

Sustainability means meeting our own needs 
without compromising the ability of future 
generations to meet their own needs.

Brundtland Commission



THREE PILLARS OF SUSTAINABILITY

30

environment
society economy



UN SUSTAINABLE DEVELOPMENT GOALS
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UN SUSTAINABLE DEVELOPMENT GOALS



METAPHOR FOR SUSTAINABILITY



ORDERED



DISORDERED



IS THIS CUP SUSTAINABLE?

How about this one?

Sustainable is not an intrinsic property of a material!
You can’t know by just looking.



LIFE CYCLE ASSESSMENT



SIMPLIFIED CHEMICAL INDUSTRY
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SCALE
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SCALE

Make a cup 
with an 8½” 
square and 
another with a 
4¼” square  



SCALE



SCALE EXAMPLE: WHOLE HOUSE GENERATORS



SCALE EXAMPLE: WHOLE HOUSE GENERATORS



SCALE EXAMPLE: WHOLE HOUSE GENERATORS



SCALE EXAMPLE: WHOLE HOUSE GENERATORS



SCALE ALWAYS WINS

If you are 
moving mass 
around, scale 
reduces cost 
faster than 
experience.  



SIMPLIFIED CHEMICAL INDUSTRY
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MODERN CHEMICAL INDUSTRY
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ROUGH INDUSTRY MASS BALANCE
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CHEMICAL TRANSFORMATION
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ROUGH MASS BALANCE
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IMPLICATIONS
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~



CARBON FOOTPRINT OF INDUSTRY



GLOBAL CO2 EMISSIONS FROM INDUSTRY



OPTIONS FOR CO2



PLAN FOR ZERO EMISSIONS
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490 for all 
Germany 
today

270 for all 
industry



HIDE IT



POTENTIAL SOLUTIONS FOR DIRECT EMISSIONS
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MODERN CHEMICAL INDUSTRY
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GROWING >GDP



THREE KINDS OF POLYETHYLENE



BAD OMEN
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LOTS OF POLYMERS MADE



packaging
39% 



WORLD WITHOUT PACKAGING



OCEAN PLASTIC
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THE PACIFIC GYRE
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SOURCE OF OCEAN PLASTIC
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GYRE CONCENTRATION IN MILK JUGS PER FOOTBALL FIELD



In The Pacific Gyre At Point of Highest Plastic Concentration
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ALTERNATIVES COST MORE

Source: American Chemistry Council TRUCOST report



ALTERNATIVES HAVE HIGHER ENVIRONMENTAL COSTS

Source: American Chemistry Council TRUCOST report



PLASTIC PROVIDES BENEFITS



PLASTIC PROVIDES BENEFITS



U.S. TRASH
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POSSIBLE SOLUTIONS



WHERE DOES PLASTIC GO?



USE LESS WITH MORE EFFICIENT PACKAGING
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2015



Top and Bottom Handles
• Easy handling

Re-Closable Cap
• Precision pouring
• Maximum filling content 

utilization Cubic Shape
• Shelf Stable & 

Maximizes Shipping 
EfficiencyFlexible Design

• Four Print Surfaces
• Superior drop resistance
• Reduce excess head space
• Improved dispensing
• Collapses easily

Space Saving
• Ships and Stores 

Flat when Unfilled



ENABLE RECYCLING





WASTE REDUCTION HIERARCHY



PROVIDE ALTERNATIVES



RECOVER



DISAPPEAR



LINEAR ECONOMY
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CIRCULAR ECONOMY
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SUCCESSFUL CIRCLES
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http://circulareconomy-worldsteel.org/



SUCCESSFUL CIRCLES
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PROBLEMATIC CIRCLES
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ORTHOGONAL AXES
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NOBLE METAL RECYCLING



PLATINUM CATALYST



WHICH IS MOST VALUABLE

~3¢



RECYCLING PRICES

10

14¢ 0.22¢ 0.20¢0.61¢ 0.01¢

~3¢



VALUE OF RECYCLED MATERIALS

source:  RRS from recycling.com and published in November 2015 Resource 
Recycling



GOOD NEWS
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LEGO SEARCHES FOR ABS REPLACEMENT
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WOOD?
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GRANITE
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WHICH IS MORE SUSTAINABLE
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LOTS OF BRICKS

117



CHEMICAL INDUSTRY

Traditional
Feedstocks Non-traditional Feedstocks

60% 40%

(naphtha, NGL)

methane



BIOMASS

$1.20/lb



BIOFEEDSTOCKS



CHEMICAL CHALLENGE



OLEFIN PRODUCTION



SIMPLIFIED CHEMICAL INDUSTRY



SIMPLIFIED CHEMICAL INDUSTRY
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FEEDSTOCKS EVERYWHERE IS A PROBLEM



BIOETHYLENE GLYCOL



MONO ETHYLENE GLYCOL



RECYCLING RATES







Tetraethyl lead alone formed problematic deposits in 
engines. Midgley’s solution was to add organohalides to 
purposely form volatile lead compounds. Halogenated 
organics, like 1,2-dibromoethane and 1,2-dichloroethane, 
became part of  the additive package. Lead would be 
swept out of  the engine, out of  the tailpipe. Midgley 
compounded the bad idea of  placing lead into gasoline by 
ensuring it would be dispersed into the atmosphere. He 
clearly knew of  the chronic impacts of  lead but must 
have believed “the solution to pollution is dilution.”



Effective January 1, 1996, leaded gasoline was banned 
by the Clean Air Act for use in new vehicles other than 
aircraft, racing cars, farm equipment, and marine 
engines.

The UN announced Algeria used the last of  its 
automotive leaded gasoline stockpile on August 30, 2021.







Methylcyclopentadienyl manganese tricarbonyl (MMT) is 
a gasoline octane enhancer produced by the Afton 
Chemical Corporation, formerly known as the Ethyl 
Corporation. MMT is allowed in U.S. gasoline at a level 
equivalent to 1/32 grams per gallon manganese around 
11 ppm
Mn fumes damage the lungs, liver, and kidneys. 
Exposure to manganese dust or fumes can also lead to 
a neurological condition called manganism. 
Manganism’s symptoms, similar to those of  Parkinson’s 
disease, may include the following: trembling, stiffness, 
slow motor movement and potentially severe 
depression, anxiety and hostility.
54-year-old man who developed seizures and altered 
mental status after drinking 12 oz. of  MMT-containing 
NOS Octane Booster Racing Formula.  Intubated but 
lived.
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