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Many Approaches

Circular Economy



1998

Green Chemistry
is the utilization of a set 

of principles that 
reduces or eliminates 

the use or generation of 
hazardous substances in 
the design, manufacture 

and application of 
chemical products.



12. Inherently Safer Chemistry for Accident Prevention. Substance and the form of a substance used in a chemical 
process should be chosen to minimize the potential for chemical accidents, including releases, explosions, and fires.

The Twelve Principles of Green Chemistry

11. Real-time Analysis for Pollution Prevention. Analytical methodologies need to be further developed to allow 
for real-time in-process monitoring and control prior to the formation of hazardous substances.

10. Design for Degradation. Chemical products should be designed so that at the end of their function they do not 
persist in the environment and instead break down into innocuous degradation products.

9. Catalysis. Catalytic reagents (as selective as possible) are superior to stoichiometric reagents.

8. Reduce Derivatives. Unnecessary derivatization (blocking group, protection/deprotection, temporary 
modification of physical/chemical processes) should be avoided whenever possible .

7. Use of Renewable Feedstocks. A raw material or feedstock should be renewable rather than depleting 
whenever technically and economically practical. 

6. Design for Energy Efficiency. Energy requirements should be recognized for their environmental and economic 
impacts and should be minimized.  Synthetic methods should be conducted at ambient temperature and pressure.

5. Safer Solvents and Auxiliaries. The use of auxiliary substances (solvents, separation agents, etc.) should be made 
unnecessary whenever possible and, when used, innocuous.

4. Designing Safer Chemicals. Chemical products should be designed to preserve efficacy of the function while 
reducing toxicity.

3. Less Hazardous Chemical Synthesis. Whenever practicable, synthetic methodologies should be designed to use 
and generate substances that possess little or no toxicity to human health and the environment.

2. Atom Economy. Synthetic methods should be designed to maximize the incorporation of all materials used in 
the process into the final product.

1. Prevention. It is better to prevent waste than to treat or clean up waste after it is formed.
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Molecules

Molecule 1
Molecule 2
Molecule 3
Molecule 4
Molecule 5
Molecule 6
Molecule 7
Molecule 8
Molecule 9

Molecule 10
Molecule 11
Molecule 12
Molecule 13
Molecule 14
Molecule 15
Molecule 16
Molecule 17
Molecule 18
Molecule 19
Molecule 20
Molecule 21
Molecule 22
Molecule 23
Molecule 24
Molecule 25
Molecule 26
Molecule 27
Molecule 28
Molecule 29
Molecule 30
Molecule 31
Molecule 32
Molecule 33
Molecule 34
Molecule 35
Molecule 36
Molecule 37
Molecule 38
Molecule 39
Molecule 40
Molecule 41
Molecule 42
Molecule 43
Molecule 44
Molecule 45
Molecule 46
Molecule 47
Molecule 48

Infinite
molecules

Products

Cosmetics 1
Cosmetics 2
Cosmetics 3
Cosmetics 4
Cosmetics 5
Cosmetics 6
Electronics 1
Electronics 2
Electronics 3
Electronics 4
Electronics 5
Electronics 6

Energy 1
Energy 2
Energy 3
Energy 4
Energy 5
Energy 6
Materials 1
Materials 2
Materials 3
Materials 4
Materials 5
Materials 6
Personal Care 1
Personal Care 2
Personal Care 3
Personal Care 4
Personal Care 5
Personal Care 6
Pharma 1
Pharma 2
Pharma 3
Pharma 4
Pharma 5
Pharma 6
Construction 1
Construction 2
Construction 3
Construction 4
Construction 5
Construction 6

Ag 1
Ag 2
Ag 3
Ag 4
Ag 5
Ag 6

Infinite
Products

Molecular
Mechanisms

Bond Rotation Barrier

Van Der Waals Surface Area

Molecular Topography

Hydrogen bonding potential

HOMO/LUMO Energies

Stabilization of cation

Aromatization Potential

Enthalpy of formation

Molecular Mechanism

An intramolecular process 
within a single molecule or 

within a polymer that 
occurs under 1nM of 

through-molecule distance.

Materials
Mechanisms

Polymer Crystallinity

Polymer chain mobility

Young’s modulus

Hanson Parameters

Joule-Thomson Coefficient

Intermolecular Bond Energy

Enzyme Active Site Binding

Molecular Mobility

Materials Mechanism

An intermolecular process 
between more than one 

molecules, or an intramolecular 
process within a polymer that 
occurs over 1nM of through-

molecule distance.

Materials
Properties

Color

Flexibility

Hardness

Repellency

Flammability

Toxicity

Bioactivity

Thermal Conductivity

Materials Property

A quantifiable consequence 
of molecular and materials 
mechanisms that has direct 

relationship to a 
performance characteristic 

of a product.

The Islands of Innovation

Computation
& Intuition

Computation
& Intuition

Computation
& Intuition

Computation
& Intuition



JP 1999/508381
EP 0820607
DE 69701493
CA 2212884
WO 1997/29405
US 5,705,312
JP 1997/505634
EP 0767932
DE 69609136
CA 2189459
WO 1996/34315
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TW 2011/07464
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CA 2510162
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US 10,245,867
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CN 10499485
CA 2886749
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TW 1558818

WO 2015/148880
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ES 2778038
EP 3068762
CN 105899519
CA 2930290
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WO 2015/070177
US 11,266,686
US 9,522,102
ZA 2016/03186
NZ 719935
KR 1020/160068958
JP 2016/533376
IN 2016/37015550
IL 245082
EP 3057561
CN 105792797
BR 1020/14025546
AU 2014/337395
WO 2015/057254
US 8,828,100
EP 3041840
AU 2014/315422

JP 6908805
IL 259674
EP 3374354
CN 108699019
CA 3005212
AU 2016/353004
WO 2017/083488
US 10,590,100
WO 2017/058748
US 62/234,198
MX 2017/015081
JP 6948707
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CA 2986427
AU 2016/267104
WO 2016/191521
US 11,535,019
US 11,702,433
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US 9,932,424
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US 10,174,059
US 10,584,137
US 10,208,070
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EP 3204450
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US 9,409,933
WO 2015/196134
US 62/015,154
US 9,889,103
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US 11,021,641
MX 2019/000555
IN 395519
IL 264231
EP 3484978
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EP 3475324
CN 109790248
AU 2017/289153
WO 2018/005430
US 2020/0181317
JP 2019/531869
EP 3474975
CN 109996599
AU 2017/281523
WO 2017/223413
US 2019/0152993
JP 2019/527250
EP 3475387
CN 109790451
AU 2017/281784
WO 2017/223397
US 11,352,554
MX 2018/008138
KR 1020/180123010
JP 6927998
EP 3397237
CL 2018/001800
BR 11/2018/013359
AU 2016/379964
AR 107239
WO 2017/112999
US 10,500,149
EP 3621945
WO 2018/208709
US 11,286,233

WO 2020/061266
US 2020/0395492
US 2022/0235021
KR 10/2021/0034611
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EP 3820465
CN 112912073
CA 3106199
AU 2019/300873
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US 11,664,171
US 11,286,244
EP 3621957
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WO 2018/204565
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345 Patents and Patent Applications
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NutJobs

Composites
From waste

Almond 
Shells

2013
Appvion
BPA Free 
Thermal 
Recording

2012
NBD Nano

Henkel
Chemical 
Resistant 
Coatings

2018
Chemtura
Lanxess

High Density
Brine Fluids

2018
Nike

Debondable
Adhesives

2011
ATMI

Entegris
e-waste
Metal  

Recovery

2021
Givaudan
Fragrance

Encapsulation

2015
Solazyme
Algae based

Wood 
Products

2015
Natura

Biopolymers in Hair 
Coloring

2010
John Masters

Enzymatic 
Hair Color

2010
ATMI

Entegris
Fluoride Free

Semiconductor
Processing

2015
Naucity
Pharma

Synthesis of NACA

2019
Covestro
Alternative

Polyurethane
Crosslinking

2013
Empire

Fire
Retardants

2011
ONE SUN

Replenishable
Photovoltaics

ONCOCHELL

2017
Oncochell
Anticancer

Agents

Companies with Licensed/Assigned Inventions (Publicly Viewable)

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiomIvg_afhAhViU98KHR6BASkQjRx6BAgBEAQ&url=http://www.appvion.com/en-us/products/thermal/Documents/Thermal/Therm_Catalog.pdf&psig=AOvVaw0kmDMmR-KuyCjpYGGdxNPG&ust=1553970599525600
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiomIvg_afhAhViU98KHR6BASkQjRx6BAgBEAQ&url=http://www.appvion.com/en-us/products/thermal/Documents/Thermal/Therm_Catalog.pdf&psig=AOvVaw0kmDMmR-KuyCjpYGGdxNPG&ust=1553970599525600
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjv2dqh_afhAhUFmeAKHZRABNMQjRx6BAgBEAQ&url=/url?sa%3Di%26rct%3Dj%26q%3D%26esrc%3Ds%26source%3Dimages%26cd%3D%26ved%3D%26url%3Dhttp%3A%2F%2Fwww.creonenergy.ru%2Fupload%2Fiblock%2F9fd%2Fkuztmenkov_lanxess.pdf%26psig%3DAOvVaw3G7-VQ1f21lP1mcvznMXxQ%26ust%3D1553970448666346&psig=AOvVaw3G7-VQ1f21lP1mcvznMXxQ&ust=1553970448666346
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjv2dqh_afhAhUFmeAKHZRABNMQjRx6BAgBEAQ&url=/url?sa%3Di%26rct%3Dj%26q%3D%26esrc%3Ds%26source%3Dimages%26cd%3D%26ved%3D%26url%3Dhttp%3A%2F%2Fwww.creonenergy.ru%2Fupload%2Fiblock%2F9fd%2Fkuztmenkov_lanxess.pdf%26psig%3DAOvVaw3G7-VQ1f21lP1mcvznMXxQ%26ust%3D1553970448666346&psig=AOvVaw3G7-VQ1f21lP1mcvznMXxQ&ust=1553970448666346
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Tyrosinase

[THE HAIR HEALING COMPANY]

www.myhairprint.com

US 8,828,100 Granted 2014-09-09, Published 2014-09-09, Filed 2013-10-14
WO 2015/057254 Published 2015-04-23, Filed 2014-01-25
AU 2014/337395 Granted 2019-10-10, Published 2016-05-26, Filed 2014-01-25
BR 10/2014/025546 Published 2015-10-27, Filed 2014-10-14
CN 105792797 Granted 2020-10-16, Published 2016-07-20, Filed 2014-01-25
EP 3057561 Published 2016-08-24, Filed 2014-01-25
IL 245082 Published 2016-06-30, Filed 2016-04-13
JP 6449269 Granted 2019-01-09, Published 2016-10-27, Filed 2014-01-25
KR 102159280 Granted 2020-09-23, Published 2016-06-15, Filed 2014-01-25
ZA 2016/03186 Published 2017-08-20, Filed 2016-05-11
US 9,522,102 Granted 2016-12-20, Published 2016-06-30, Filed 2014-09-09

https://patents.google.com/patent/US8828100B1/
https://patents.google.com/patent/WO2015057254A1/
https://patents.google.com/patent/AU2014337395B2/
https://patents.google.com/patent/BR102014025546A2/
https://patents.google.com/patent/CN105792797B/
https://patents.google.com/patent/EP3057561A4/
https://patents.google.com/patent/IL245082B/
https://patents.google.com/patent/JP6449269B2/
https://patents.google.com/patent/KR102159280B1/
https://patents.google.com/patent/ZA201603186B/
https://patents.google.com/patent/US9522102B2/


Cu ATSM

Increased 
Bioavailability

& BBB Penetration
NCD

ClinicalTrials.gov

U.S. National Institutes of Health

NCT02870634 Motor Neuron DiseasePhase 1

NCT03136809 Amyotrophic Lateral Sclerosis (ALS)Phase 1

NCT03204929 Parkinson DiseasePhase 1

NCT04313166 Phase 2 Amyotrophic Lateral Sclerosis (ALS)

NCT04082832 Phase 3 Amyotrophic Lateral Sclerosis (ALS)

www.colmeddev.com

New Study Uncovers Mechanism of 
CuATSM, ALS Therapy Now in Trials
November 2022

US 11,266,686 Granted 2022-03-08, Published 2016-09-22, Filed 2014-11-10 
WO 2015/070177 Published 2015-05-14, Filed 2014-11-10
AU 2014/346476 Granted 2019-01-24, Published 2016-06-23, Filed 2014-11-10
CA 2930290 Published 2015-05-14, Filed 2014-11-10
CN 105899519 Granted 2021-11-09, Published 2016-08-24, Filed 2014-11-10

EP 3068762 Granted 2019-12-25, Published 2016-09-21, Filed 2014-11-10
ES 2778038 Granted 2020-08-07, Published 2020-08-07, Filed 2014-11-10
IL 245593 Published 2016-06-30, Filed 2016-05-10
JP 6619348 Granted 2019-12-11, Published 2016-12-28, Filed 2014-11-10

Mechanochemistry

https://patents.google.com/patent/US11266686B2/
https://patents.google.com/patent/WO2015070177A2/
https://patents.google.com/patent/AU2014346476B2/
https://patents.google.com/patent/CA2930290A1/
https://patents.google.com/patent/CN105899519B/
https://patents.google.com/patent/EP3068762B1/
https://patents.google.com/patent/ES2778038T3/
https://patents.google.com/patent/IL245593B/
https://patents.google.com/patent/JP6619348B2/


17oF (-8oC) 
>90% Recycled Material

US 9,994,485 Granted 2018-09-15, Published 2016-09-15
WO 2015/070180 Published 2015-05-14, Filed 2014-11-10
AU 2014/346479 Granted 2018-08-02, Published 2016-12-08

US 11,565,971 Published 2018-09-13, Filed 2018-05-14
AU 2018/256540 Granted 2020-02-13, Published 2018-11-22
US 2019/0152850 Published 2019-05-23, Filed 2019-01-24

EP 3107958 Granted 2019-12-25, Published 2016-12-28
ES 2780908 Granted 2020-08-27, Published 2020-08-27
JP 6474085 Granted 2019-02-27, Published 2016-12-01

Monday, November 25, 2013

https://patents.google.com/patent/US9994485B2/
https://patents.google.com/patent/WO2015070180A1/
https://patents.google.com/patent/AU2014346479B2/
https://patents.google.com/patent/AU2018256540B2/
https://patents.google.com/patent/US20190152850A1/
https://patents.google.com/patent/EP3107958B1/
https://patents.google.com/patent/ES2780908T3/
https://patents.google.com/patent/JP6474085B2/


Semiconductor

Chromophore

Electrolyte
www.ambientphotonics.com

US 11,286,244 Granted 2022-03-29, Published 2020-12-17
WO 2020/014195 Published 2020-01-16, Filed 2019-07-09
AU 2019/300873 Published 2021-01-28, Filed 2019-07-09
CA 3106199 Published 2020-01-16, Filed 2019-07-09
CN 112912073 Published 2021-06-04, Filed 2019-07-09
EP 3820465 Published 2021-05-19, Filed 2019-0709

CA 3106260 Published 2020-03-26, Filed 2019-09-19
CN 112955992 Published 2021-06-11, Filed 2019-09-19
EP 3853909 Published 2021-07-28, Filed 2019-09-19
IL 280849 Published 2021-04-29, Filed 2021-02-14
JP 2022/501807 Published 2022-01-06, Filed 2019-09-19
KR 2021/0058861 Published 2021-05-24, Filed 2019-09-19
TW 2020/36923 Published 2020-10-01, Filed 2019-09-20

IL 280074 Published 2021-03-01, Filed 2021-01-10
KR 2021/0034611 Published 2021-03-30, Filed 2019-07-09
JP 2021/532173 Published 2021-11-25, Filed 2019-07-09
US 2020/0395492 Published 2020-12-17, Filed 2020-08-26
WO 2020/061266 Published 2020-03-26, Filed 2019-09-19
AU 2019/343155 Published 2021-01-28, Filed 2019-09-19

U.S.’ First Climate Tech Factory for Low-Light PV Cells 

Comes Online in California from Ambient Photonics
Ambient achieves automated production of unique low-cost, high-

density PV cell technology for powering battery-free electronics

April 2023

https://patents.google.com/patent/US11286244B2/
https://patents.google.com/patent/WO2020014195A1/
https://patents.google.com/patent/AU2019300873A1/
https://patents.google.com/patent/CA3106199A1/
https://patents.google.com/patent/CN112912073A/
https://patents.google.com/patent/EP3820465A4/
https://patents.google.com/patent/CA3106260A1/
https://patents.google.com/patent/CN112955992A/
https://patents.google.com/patent/EP3853909A4/
https://patents.google.com/patent/IL280849A/
https://patents.google.com/patent/JP2022501807A/
https://patents.google.com/patent/KR20210058861A/
https://patents.google.com/patent/TW202036923A/
https://patents.google.com/patent/IL280074A/
https://patents.google.com/patent/KR20210034611A/
https://patents.google.com/patent/JP2021532173A/
https://patents.google.com/patent/US20200395492A1/
https://patents.google.com/patent/WO2020061266A1/
https://patents.google.com/patent/AU2019343155A1/


MistMiner

HydrophobicHydrophilic

Photochromic water harvesting platform
John C. Warner, Srinivasa R. Cheruku and Sofia Trakhtenberg
The Warner Babcock Institute for Green Chemistry 
US 11,352,554 Granted 2022-06-07, Published 2019-05-23, Filed 2017-06-23
WO 2017/223397 Published 2017-12-28, Filed 2017-06-23
AU 2017/281784 Published 2019-01-24, Filed 2017-06-23
CN 109790451 Published 2019-05-21, Filed 2017-06-23
EP 3475387 Published 2019-05-01, Filed 2017-06-23
JP 2019/527250 Published 2019-09-26, Filed 2017-06-23

Water IN

Water OUT

https://patents.google.com/patent/US11352554B2/
https://patents.google.com/patent/WO2017223397A1/
https://patents.google.com/patent/AU2017281784A1/
https://patents.google.com/patent/CN109790451A/
https://patents.google.com/patent/EP3475387A4/
https://patents.google.com/patent/JP2019527250A/
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