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vs.

Man 
vs

Nature

Green Chemistry
The way nature does chemistry

• High (low) T
• High P
• Organic Solvents
• Lots of waste

• Ambient T
• Atmospheric P
• Water as solvent
• No waste & biodegradation

Today Future



®Humanity‟s Top Ten Problems

for next 50 years* 

1. ENERGY

2. WATER

3. FOOD
4. ENVIRONMENT 

5. POVERTY

6. TERRORISM  &  WAR

7. DISEASE

8. EDUCATION
9. DEMOCRACY

10.POPULATION

http://cnst.rice.edu/content.aspx?id=246* Richard Smalley (Nobel Laureate) from 

2002-2003 colleague survey

7.3B in 2011

9.5B by 2050

http://cnst.rice.edu/content.aspx?id=246
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Perspective

40 billion m2 in next 25 years! 

CHINA
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40 billion square meters in 25 years

67,077

• 40B m2 > 436B ft2

• Pentagon = 6.5M ft2

- Largest building in world

• That‟s 67,077 Pentagons

Think about ….

7.4 Pentagons every day!
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If China„s Growth Slows to 8% per year

By 2030 China will:

 Equal the U.S. income per capita today and

 Today the world has 860M cars

 If China has 3 cars/4people (as US does today), 

China will have 1.1B cars

 If all those cars run on petroleum it will take 98M 

bbl of oil per day.  Current global production is 

85M bbl per day

Lester Brown, WWI, Plan B

Resource implications!
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Global Population Demands

• 7.3 billion people today

• 1.3 billion no safe drinking water

• 2.6 billion no sanitary conditions

• 1.6M children/year die

All want and have a right to the 

quality of life we enjoy today!

®

We cannot achieve a sustainable future via a 
linear extension of existing technology platforms.
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First woman to be appointed to the faculty of 

Harvard University (1919);

Physician and pioneer in toxicology;

Believed to be the first person to recognize and 

state the need for chemists to design safer 

chemicals:

Alice Hamilton, MD (1869-1970)

Hamilton, A. (1928) “Protection against industrial 

poisoning,” in Chemistry in Medicine, 1st edn (ed 

J.S. Stieglitz), The Chemical Foundation, Inc., 

New York, pp. 374-394.

Steve DeVito, US EPA
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Economics (Return on Investment)

Myth:  Green Chemistry costs more…

Truth:  Green chemistry & engineering:

 Reduces costs
 Fewer raw materials, less energy/water, less waste 

disposal, fewer hazardous operations (controls, etc.)

 Drives competitive advantage

 Ensures right-to-operate

 Avoids fines

 Enhances reputation

 Achieves regulatory balance
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Nano Particles – The “Bigger” Picture

Ag wire

Ag earring

TEM
3 weeks, 100% RH

Think BIG picture



®U.S. Presidential Green 

Chemistry Challenge Awards 

Through 2011 (16 years of results)*:

 199 million pounds of hazardous chemicals and solvents 

eliminated each year

 Enough to fill ~900 railroad tank cars = a train nearly 11 miles long

 21 billion gallons of water saved each year

 Amount used by 820,000 people annually

 57 million pounds of carbon dioxide releases to air 

eliminated each year

 Equal to taking 6,000 automobiles off the road

* Source:  US EPA, Green Chemistry Program, Fact Sheet EPA744F11001, June 2011.

 Many countries
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• Ethylene

• Butanol

• Succinic acid

• Levulinic acid

• Lactic acid

• Acrylic acid

• Adipic acid

• PDO / BDO

• Caprolactam

• Terephthalic acid

• etc.

New Biobased 

Building Blocks

• Aldol condensations

• Michael additions

• Mannich reaction

• Grignard-type additions

• Metathesis reactions

• Benzoin condensation

• etc.

New Water

Based Processes

Biobased Developments Accelerating
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Green Chemical Growth in  

World Markets: 2011-2020
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1/2 TRILLION pounds

4 BILLION pounds

Growing

Raw Materials

Plastics

Metals

Organics

etc.
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Metrics, Tools, Knowledge

 Mechanistic toxicology – Tiered Protocol 

 E-Factor

 Process Mass Intensity

 Atom Economy 

 Solvent Selection Guide

 Life Cycle Analysis (multiple options)

 ESH measures, Standards, Regulations

 iSustainTM

Multivariate



"Simple can be harder than complex: You 
have to work hard to get your thinking clean 

to make it simple. But it's worth it" 

Steve Jobs



Universities Industries

Common Man 

& Society

Govt. Bodies 

& Financial 

Institutions

Enviropreneurs

IP & 

Knowledge

Empowerment 

& Support

Selling Ideas 

& Scale-up

Sustainable 

Solutions

Investment on R&D 

& Value for Solution

Investments 

& Incentives

Good ROI
Employment & 

Healthy Living

Enviropreneurs : Model for 

implementing Green Chemistry
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Who is ACS GCI?
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ACS Green Chemistry Institute®

Our Mission:

To catalyze and enable the implementation of 

green chemistry and engineering principles 

throughout the global chemical enterprise.

www.acs.org/greenchemistry

ACS Mission: To advance the broader chemistry 

enterprise and its practitioners for the benefit of Earth 

and its people.

http://www.acs.org/greenchemistry


®16th Annual Green Chemistry & 
Engineering Conference

 June 18-20, 2011 in Washington, DC

 Also International Year of Sustainable Energy

 Visit our website for information

www.gcande.org

Undergraduate Student Workshop – June 21

NSF Scholars 
Opportunity

Abstracts

Registration

16 January 

http://www.gcande.org/
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Industry Roundtables & Summits

• Pharma Roundtable - Launched in 2005

• Formulator‟s Roundtable – Launched in 2009

• Chemical Manufacturer‟s Roundtable – Launch June 2010

• Summits – Nano ESH & Scholarly network
>40 global 

corporations

http://www.gsk.com/index.htm
http://www.scjohnson.com/home.aspx
http://www.clorox.com/
http://www.zep.com/clean.html
http://www.segetis.com/
http://www2.dupont.com/DuPont_Home/en_US/index.html
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The Nexus – Bimonthly Newsletter

sign-up: gci@acs.org
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Base

Camp

Chemistry will enable our progress.

Your passion, commitment and perseverance                 

will ensure our success!

We can invent the best green 

technology the world has ever seen, but 

if it does not get reduced to practice, 

nobody benefits.



®

Chemistry in the 21st Century

Thank you
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Thank you!

Robert Peoples, Ph.D.

Director, ACS Green Chemistry Institute®

email: gci@acs.org

www.acs.org/greenchemistry

Green chemistry & engineering, 
the key to our sustainable future!

http://www.acs.org/greenchemistry


®

Now Future

Sources of Key Raw Materials
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Adhesive Alternative

 Carpet without traditional adhesives – Milliken 

TractionBack®
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Carpet Adhesive

 Milliken TractionBack® carpet tiles don‟t require any 

application of adhesives during installation

 Carpet tiles have an anti-skid, adhesive free backing

 Thin coating formulation is applied to bottom of carpet tile during 

manufacturing

 Formulation contains amorphous ethylene/propylene copolymer 

tackified with hydrocarbon resin and bio-based tall oil rosin 

 This high friction coating keeps carpet secured without 

traditional adhesives 

 Eliminates VOCs

 Estimated annual waste reduction for sealants and 

adhesives is 400 tons

Milliken
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Nature‟s Approach

 Gecko – “sticking” without adhesive 

Biomimicry



®

Adhesive-free Sticking

 Gecko “sticks” to surfaces by van der Waal interactions, 

not by any chemical adhesive on the gecko footpads 

 van der Waals interactions between the finely divided setae and 

the surfaces hold geckos to surfaces 

 almost 500,000 setae on each foot 

 each setae is tipped with 100 - 1,000 spatulae

 Gecko “unsticks” by overcoming the van der Waals 

force

 Gecko footpads are “self-cleaning” 

 Inspiration for tape and other adhesives

References: 1) Autumn, K, et. al. Proceedings of the National Academy of Sciences of the USA 

2002, 99, 12252-12256.  2) Hansen, W. R.; Autumn, K. Proceedings of the National Academy 

of Sciences of the USA 2005, 102, 385-389.
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Solvent Selection Guide

www.acs.org/gcipharmaroundtable

http://www.acs.org/gcipharmaroundtable
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EXAMPLES
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Soy Adhesive

 Soy adhesive developed to mimic the 

adhesion of mussels

 Mimics the adhesive protein secreted by 

mussels (rich in 3,4-dihydroxylphenyl-

alanine, lysine, cysteine)

 Uses soybean flour, chemically modified 

with catechol, amino, and mercapto 

functionality, then cross-linked 

OH

OH

NH

C

O

soy protein NH

O

HS soy protein

dopamine-grafted 

soy protein

mercapto-enriched 

soy protein

Li, Oregon State University
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Soy Adhesive

 Soy adhesives used for wood composite

 Formaldehyde-free plywood, particleboard, MDF

 Replaces urea-formaldehyde and phenol-formaldehyde resins 

for wood composites

 Emission of HAPs reduced up to 90%

 at wood composite production plant

 In 2006, over 47 million pounds of urea-

formaldehyde resin replaced with soy adhesive at 

Columbia Forest Products 

 Cost competitive

 Superior strength properties and water resistance of 

wood composite

Li, Oregon State University, Columbia Forest Products, and Hercules, Inc. 



®Energy Usage from Life Cycle Perspective

Diaper Bathroom Tissue Laundry Liquid Fabric Softener

Feminine Pad Paper Towel Liquid Dishwash Shampoo

Product

Type

0.0E+00

5.0E+07

1.0E+08

1.5E+08

2.0E+08

2.5E+08

3.0E+08

3.5E+08

Energy (GJ)

Life Cycle

Phase

http://www.pg.com/en_US/index.jhtml
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Great Impact

 If every U.S. household used cold water for 

laundry, the energy savings would be 70 to 90 

billion kilowatt hours per year.  

 These savings would translate into 34 million tons 

of carbon dioxide per year not released into the 

environment - nearly eight percent of the 

Kyoto target for the U.S.

Changing Consumer Behavioré.

 In the UK, 23% now wash in 30 C, up from 2%.  Over 

58,000 metric tons of carbon dioxide emissions 

prevented.

 In the Netherlands, 52% now wash in 30oC, up from 7%.

Environmental Benefits of Cold Water Washing

Dr. Len Sauers, P&G



®Green routes to β-lactam-antibiotics: 

Enzymatic production of cefalexin

DSM Anti-Infectives

13 chemical steps  2 enzymatic steps

sugar



®Life Cycle Analysis
DSM Cefalexin Process

 Life cycle analysis by the 
Öko-Institute

 Old complex chemical 
route vs white biotech 
route

0.50

1.00

Energy 

consumption

Emissions

Toxicity 

potential

Risk 

potential

Resource 

consumption

Area use

Thanks to Dr. Renus Broxterman
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Interface - Real World Case Study

• Nature’s Capital = clean air, fresh water, arable 
land, pollination, seed dispersal, biodiversity, etc. 
The Gold Standard 

• Man is ignoring Nature’s Laws of Sustainability 

• Why do we call our factories “plants”
 don’t look like plants
 don’t operate like plants

• Top down commitment

• Young people can galvanize action

• Set targets and metrics

1st  Law of thermodynamics: nothing goes away

2nd Law of thermodynamics: things disperse

http://search.barnesandnoble.com/booksearch/imageviewer.asp?ean=9780312543495


®

Insanity is doing the same 
thing over and over again and 
expecting a different result.

Einstein


