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The Challenge...

Creating a Sustainable

Chemical Enterprise —
Environmentally Friendly

and Economically Viable.




Innovation Collaboration Education

Sustainability... Chemistry is Key!




Innovation Collaboration Education

The Scientific Community Responds
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What's Needed...?

= |nnovation — recreating our companies,
our universities and ourselves

= Collaboration — building a vibrant and
vocal technical community

= Education — engaging legislators, the
public, the media and the next
generation.



Innovation Collaboration Education

Improvmg people’s lives through
PN the transforming power
of chemistry!




ACS Environmental History

1912 First environmentally related technical section
1952 First Committee on Air Pollution

1967  Started publishing Environmental Science &
Technology

1968 First Committee on Environmental Improvement

1969 Published Cleaning Our Environment: The
Chemical Basis for Action

1995 Convened Stakeholders to Establish U.S.
Presidential Green Chemistry Challenge Award
and Green Chemistry and Engineering
Conference (annual)

2001 Established ACS Green Chemistry Institute




Innovation Collaboration Education

12 Principles of Green Chemistry

Paul T. Anastas and John C. Warner,
Green Chemistry: Theory and Practice (2000)

Prevent waste

Achieve atom economy: maximize incorporation
Use less hazardous synthesis steps

Design safer chemicals

Use safer solvents and auxiliaries

Design for energy efficiency

Use renewable feedstocks

Reduce derivatives (make what you want!)
Catalytic reagents are superior to stoichiometric
10 Design for degradation

11. Real-time analysis for pollution prevention

12. Inherently safer chemistry prevents accidents
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Innovation Collaboration Education

12 Principles of Green Engineering

Paul T. Anastas and Julie B. Zimmerman,
Design through the 12 Principles of Green Engineering (2003)

Consider non-hazardous inputs/outputs

Prevent waste, rather than treat or clean up

Design operations to minimize consumption

Design to maximize efficiency

Design for “output pulled" rather than “input pushed"

Promote recycle, reuse, or beneficial disposition
Design for targeted durability, not immortality
Size for need, not "One Size Fits All"

Promote material reuse

Design with available energy and material flows
Enable reuse of component parts

Renewable materials and energy inputs
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Innovation Collaboration Education

Educating the Next Generation

= Hancock Student Awards
= Breen Memorial Student Fellowships
= Annual Summer School Program

= 2 weeks, National Science Foundation (NSF)
Funding

= 50-60 students/postdocs
= 10-12 instructors across industry and academia




Innovation Collaboration Education

Educating International Audiences -j

= Green Chemistry workshop for high school




Innovation Collaboration Education

Convening Scientists

ONLINE REGISTRATION NOW OPEN

11th Annual Green Chemistry
& Engineering Conference

REGISTER
EARLY AND

From Small Steps to Giant Leaps —
Breakthrough Innovations for Sustainability

CAPITAL HILTON WASHINGTON, DC
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www.GCandE.org

12th Annual
Green Chemistry
& Engineering
Conference

FOR MORE INFORMATION, PLEASE VISIT:

JUNE 23-27, 2008
WASHINGTON, DC

www.GCandE.org




Innovation Collaboration Education

Publishing Green Chemistry
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Innovation Collaboration Education

Communicating Green Chemistry

= ACS Green Chemistry Institute had more media
coverage in 2006 than ever In its history.

= Over 40 million pairs of “eyes” The Sall Cake Sritome
for print stories salt Lakie grib

= QOver 20 million pairs of “eyes” n pr
for web stories )
The Boston Globe EE:'E :
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CHEMICAL Marketplace?

& Enpinasriog News

= ACS GCI launched a radio series with NPR-
Marketplace that featured several Green

Chemistry topics on the morning and evening
drives.




Innovation Collaboration Education

Connecting Scientists and the Public

Green Chemistry Resource Exchange About | Glossary | Help | Cantact Us

SEARCH | CONTRIBUTE | JOIN LOGIN ! PRINT THIS PAGE

Welcome to the Green Chemistry Resource Exchange

& Our mission Is to provide the public with a straightforward collection of media dealing with green
chemistry and innovative technology as well as the means to share new ideas and research.

s Search and Browse the resource exchange with a keyword or select from our list of over 60 search
categories.

# Contribute news articles, scientific journal articles, multimedia presentations, publications, and other
media sources with the green chemistry community.

# Join and become a member of the exchange to contribute and recelve green chemistry e-mail updates.

Browse and Search

Spanmrnd by The ACS Green Chemistry Institute

www.GreenChemEx.org




Innovation Collaboration Education

Building Focused Collaborations
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Pharma Roundtable Mission

To catalyze the implementation of GC
and GE in the pharmaceutical industry

globally.

Corporations and ACS

v Sharing a commitment to
Integrate GC and GE from drug
discovery through to final production

v Informing and influencing the
research agenda




Innovation Collaboration Education

Enabling Industrial Change
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Innovation Collaboration Education

Recognizing Innovation:
Green Chemistry Awards

US Presidential Green Chemistry Challenge Award
= Collaboration of ACS and US EPA
= Awarded each June at the National Academy of Sciences

= Recognizing improvements from industry, small business and
science.

ACS Affordable Green Chemistry Award

= Endowed by Rohm and Haas Company

= Recognizing scientific discoveries that deliver cost-effective and
environmentally friendly products and/or processes




Innovation Collaboration Education

Educating Business
about Green Chemistry

Case studies being used in MBA programs

from Oregon to New York.
= Environmentally friendly cleaning products (DuPont)
= Green List™ Nontoxic ingredients (SC Johnson)
= Eco-friendly Plastic Resins (NatureWorks)
= Green Manufacturing of Zoloft® (Pfizer)

= Environmentally friendly and recyclable carpeting
(Shaw)

= Biobased paint coatings (ADM)
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Innovation Collaboration Education

= Collaborating across
Industry, academia,
government and
scientific societies

= Bringing together
sustainable chemistry
and engineering

= Looking at the long
term, i.e., 20-years and
a 100-years...




Innovation Collaboration Education

= Green and Sustainable
Chemistry and Engineering

= Life Cycle Analysis

= Toxicology

= Renewable Feedstocks
= Renewable Fuels

= Energy Intensity of Chemical
Processing

= Separation, Sequestration and
Utilization of Carbon Dioxide

Education




Innovation Collaboration Education

ldentifying Incentives and Barriers to the
Adoption of Sustainable Chemistry

Harvard/Yale/ACS Workshop - February 2007
= Collaborating across academia, industry, government and NGQO'’s
= Documenting current barriers to green chemistry
= Creating an information exchange mechanism

ACS Workshop - April 2008

= Focusing on incentives and impediments
= Emphasizing industry involvement
= Establishing an ACS public policy agenda




Innovation Collaboration Education

The Government Role in Green Chemistry

= Providing regulatory flexibility for superior _
environmental performance through clean technologies

" Enhancing tax incentives for research, development,
and adoption of cleaner technologies and processes

" Funding research and development of new |
environmentally benign processes and technologies

" Facilitating sharing of information and ideas about
preventing pollution and applications of new
technologies

= Guaranteeing preferential government purchasing of
safer technologies

" Organizing award programs to recognize
businesses that incorporate pollution prevention FUSs&




Innovation Collaboration Education

Changing the Way We Innovate!

No one ....

...can go it alone!



Thank You!

Organizers
California Department of Toxic Substances Control

Major ACS Partners for Green and Sustainable Chemistry and
Engineering

ACS Green Chemistry Institute
U.S. Environmental Protection Agency
National Academies
American Chemistry Council
American Institute of Chemical Engineers
Harvard and Yale Universities




Contact Information

Dr. Catherine T. “Katie” Hunt
President, American Chemical Society
president@acs.org
WWW.acs.org
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