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Nature 2009, 461, 472.
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Question 1

How many pounds of stuff does it take to make a 5
laptop computer? (Hint: think about mining, transport,
manufacturing, packaging, etc.)

a) 50

b) 500

c) 20,000 ?
d) 12,500

Ref: “Confessions of a Radical Industrialist,” page 9 (adjusted for 5 |b)

Slide Courtesy Dr. Bob Peoples




Question 6
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Femévery kg o product poduce “on average ab
" how much waste is produced?
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Nature Industrial Society
a cycle the natural cycle disrupted
| |
Resources Consumption Resources Consumption
|
LWastEQ = Waste
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THE PERIODIC TABLE'S ENDANGERED ELEMENTS

. LIMITED AVAILABILITY - FUTURE RISK TO SUPPLY

9 . RISING THREAT FROM INCREASED USE 9@
. SERIOUS THREAT IN THE NEXT 100 YEARS @ 9 9 @ 9
2! : @ @ : Ans s“'e
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SOURCE: CHEMISTRY INNOVATION KNOWLEDGE TRANSFER NETWORK

?%’L&hﬂmim o Produced for the ACS Green Chemistry Institute by Andy Brunning/Compound Interest. @ ‘} e e
n

4 Chernistry for Life Shared under a Creative Commons BY-MC-MD 4.0 International license. il

http://www.compoundchem.com/wp-content/uploads/2015/08/Endangered-Elements.pdf
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United Nations Conference
on Sustainable Development

DISASTERS

http://www.uncsd2012.org/7issues.html
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Conceptual

Sustainabilify

/ Pollution Prevention \

Green Chemistry and
Engineering, life Cycle Assessment

Practical

Green chemistry provides a practical foundation
for the concept of sustainability.

Going Green: Integrating Green Chemistry in the Curriculum; American Chemical Society: Washington, 2004.



Life Cycle Assessment (LCA)

Life Cycle Assessmenl - |!e very big

piCtu ["el Raw material and energy consumption I
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| Process Deuelnpment
| Material Selection Resource Raw Material Intermediate Products  Final Product
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Emissions to air, water and land

Slide Courtesy of Dr. David J. C. Constable
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The Sildenafil Citrate Process:
Reduction of Solvent Usage

B cHCL
o
NS / O, -OH I Acetone
Y HN*‘TTN HO Ethanol
§ ifYL\ N o OH
Ao~ H T Methanol
B Ether
Sold as Viagra B Ethyl Acetate
B 2-Butanone
" Toluene
Pyridine
{-Butanol
i New solvent
1300 L/kg 100 L/kg 22 Likg 7 Lf_kg 4 ukg
Medicinal Chemistry Optimised Commercial Route Cumrm?r{:.lal Route  Future
1990 Med. Chemistry (1997) Follewing solvent Target
1994 Recovery
Before 2004

2003 CRTSTAL Faraday Award
Green Chem. 2004, 6, 43; Org. Proc. Res. Dev. 2005, 9, 88.



C&EN 2014, Volume 92, Issue 42, p. 32



Green Chemistry Team Activities Defined
by 6 Companies

Initiate external Benchmarking
collaboration with peers

Tracking and

- Organize Training
Communication

Collaboration
Programs

Metric and Targets Education

Goals and

. Disseminate Key
Reductions

Literature

Organize Seminars/
Award Program Awareness/
Awards/

Recognition

Develop Selection Guides

7 Resources and Tools
Maintain Sharepoint

or Website Creation of Tool Kits

Green
Technology
Serve as Subject
Matter Experts \ Identify new
(SME) technologies

Org. Process Res. Rev. 2013, 17, 1099.
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ACS GCI| Pharmaceutical Roundtable

F Acs

i ' . Greeq
AstraZeneca% a%é'y ) NOVARTIS @ Eomew

caring and curing
Abbott 'i =M " e |
A Promise for Life :" . A N
CODEK IS BRIGHT SCIENCE. BRIGHTER LIVING. lllﬁ

Iml ?nogee]}lrlié]iﬁr SANOF| .p LONZA =~ ;} DR.REDDY'S
&6 Bristol-Myers Squibb W‘m ‘%‘“’Mn

Slide Courtesy Dr. Rich Williams




ACS GCI [£ & = = ¢mRoundtable

Chemical Manufacturers’
Roundtable

Hydraulic Fracturing
Roundtable

Formulators’ Roundtable

Current Members Current Members

Current Members

Amway
Arm & Hammer

Bissell Homecare, Inc.

Diversey
Florida Chemical Company.

Inc.

Johnson & Johnson Consumer

Products
Novozymes North America

Inc.
Rug Doctor, Inc.
S.C. Johnson & Son, Inc.

Seventh Generation

State Industrial Products

Virox Technologies

Zep, Inc.

Ajinomoto North America
Arizona Chemical LLC

Dixie Chemical Company, Inc.
E.L du Pont de Nemours and
Company

Penn A Kem LLC

Purac

Solvay USA Inc.

Sigma-Adrich

ACS Green Chemistry Institute®

® Apache Corporation
e BASF
¢ The Dow Chemical Co.

¢ The Lubrizol Corporation

Marathon Oil Company

Nalco Champion, An Ecolab

Company

Rockwater Energy Solutions
® Solvay

¢ Trican Well Service

® ACS Green Chemistry
Institute®

ACS Green Chemistry
Institute®

BEypMsEd #RE A



_ f ACS
GCVB T & Y Green Chemistry

S Institute
y WELCOME TO THE
¢ GREEN CHEMISTRY
< INNOVATION PORTAL

%0340 rn0?°

A PLACE FOR GREEN CHEMISTRY PROFESSIONALS AND INNOVATORS TO
CONNECT AND COLLABORATE
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Green Chemistry
Innovation Map
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Sign in

https://kumu.io/gc3/green-chemistry-innovation-map



N\ The Berkeley Center

for Chemistry

Hass School of Business
Characterizing the Business drivers

. . Labor and Occupational
lopi ‘ : Manufacture Health Program
Developing more efficient P 2 \\[plementing understanding

processes

Processing

'BERKELEY CENTER ror

GREEN CHEMISTRY
College of Chemistry K Ss:huql of Public
Using more efficient Health and
] — _ ~ Toxicology
and less impactful Disposal/ |

Ensuring safer

chemicals & process Extraction
L= e materials selection

P

College of Natural Ruurnas
Understanding the impacts of chemical

products on the environment

https://bcgc.berkeley.edu/
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% & B 2015-2030 Agenda
17 Global Goals for Sustainable Development

QUALITY
EDUCATION

13 P 17 Foemiecans

W]  THEGLOBALGOALS

V Chemistry related http://globalgoals.org/

http://www.un.org/apps/news/story.asp?NewsID=51968#.Vhxtyfmqqko







