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Nature vs Industrial Society 

 

Human are depleting resources and making wastes much 
faster than nature can take the wastes and convert them 
back into resources 
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• Where dose it come from? 

Waste and the Chemical Industry 

Chemtech 1994, 24, 38-47 



Green Chem. 2011, 13, 854. 
Org. Process Res. Dev. 2011, 15, 912. 
 



Brief History of Green Chemistry 

1991   The phrase "Green Chemistry" invented by the chemist Paul Anastas  

            of US Environmental Protection Agency (EPA) 

1992   United Nations Conference on Environment and Development (UNCED) 

            in Rio de Janeiro. Agenda 21 was adopted. 

1995   On President Bill Clinton’s initiative, EPA started to give a yearly “the 

            U.S. Presidential Green Chemistry Challenge Award”   

1997   “The Green Chemistry Institute” is formed by Joe Breen in the United 

            States (became part of ACS operations since 2001)   

1998   Paul Anastas and John C. Warner published the book “Green Chemistry: 

            Theory and Practice” (the book includes “The Twelve Principles of 

            Green Chemistry”  

1999   The Royal Society of Chemistry formed “The Green Chemistry Network” 

            and started the journal “Green Chemistry” 



 

Definition of Green Chemistry 

   The design of products and processes that 
   reduce or eliminate the use and generation  
   of hazardous substances 

                                                         C&E News October 4, 2010  

Fathers of Green Chemistry : Paul Anastas and John C. Warner  

Warner’s talk at the Berkeley Green Chemistry Center 
http://www.youtube.com/watch?NR=1&v=mrSy6RKOge8 

http://www.youtube.com/watch?NR=1&v=mrSy6RKOge8
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Spirit of Green Chemistry 

• Prevention! 
• Reduction! 
• Increase efficiency 
• Holistic thinking 
• Smart chemistry!! 

 
• Not just looking for new energy materials 
• Not equivalent to environmental chemistry 

   The design of products and processes that 
   reduce or eliminate the use and generation  
   of hazardous substances 
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Spirit of Green Chemistry 



 



 

How to realize the goals? 



12 Principles of Green Chemistry 
 
1. Prevent waste  
2. Maximize atom economy  
3. Design less hazardous chemical syntheses  
4. Design safer chemicals and products  
5. Use safer solvents and reaction conditions  
6. Increase energy efficiency  
7. Use renewable feedstocks  
8. Avoid chemical derivatives  
9. Use catalysts, not stoichiometric reagents  
10. Design chemicals and products that degrade after use  
11. Analyze in real time to prevent pollution  
12. Minimize the potential for accidents  
 

 Green Chemistry: Theory and Practice, Oxford University Press: New York, 1998.  



See lecture notes 

Green Chemistry: Principles and Practice  
 
by Mary Kirchhoff, Ph.D.,  
American Chemical Society Education Division 
Given in 2012 ACS Summer School on Green Chemistry  
and Sustainable Energy 
 
http://portal.acs.org/portal/PublicWebSite/ 
greenchemistry/education/summerschool/CNBP_030373 

12 Principles of Green Chemistry 
Demonstrated with Real Cases 

http://portal.acs.org/portal/PublicWebSite/greenchemistry/education/summerschool/CNBP_030373
http://portal.acs.org/portal/PublicWebSite/greenchemistry/education/summerschool/CNBP_030373
http://portal.acs.org/portal/PublicWebSite/greenchemistry/education/summerschool/CNBP_030373


 
Atom Economy = molecular weight of desired product 

     molecular weight of all reactants 
X 100% 

The amount of INPUT is concerned! Different from yield!! 
Many more metrics developed…(見甘魯生老師講義)  



12 Principles of Green Engineering 
 

1. Inherent Rather Than Circumstantial  
2. Prevention Instead of Treatment  
3. Design for Separation  
4. Maximize Efficiency  
5. Output-Pulled Versus Input-Pushed  
6. Conserve Complexity  
7. Durability Rather Than Immortality  
8. Meet Need, Minimize Excess  
9. Minimize Material Diversity  
10. Integrate Material and Energy Flows  
11. Design for Commercial “Afterlife”  
12. Renewable Rather Than Depleting  
 
Env. Sci. and Tech. 2003, 37(5), 94A.  



Academic and  
Industrial Endeavors 



 

http://bcgc.berkeley.edu/ 

http://bcgc.berkeley.edu/
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Challenges 

Alternative feedstocks 
– Move from petroleum to renewable or biologically derived 

sources 
•  Petroleum chemistry => need oxidation chemistry 
•  Sugar => need reduction chemistry 

– CO2 => need new catalysts 
 

Alternative solvents 
– No solvent (neat solution; grinding) 
– Supercritical CO2, ionic liquid… 

                

Alternative synthetic pathways 
– New catalysts (with more abundant metal) 
– Move to biocatalysts (no toxic metals; intrinsically safer) 
– Research into reuse and recycling catalysts still in infancy 

 http://www.sciencemag.org/cgi/content/full/297/5582/807 



Education 
 
 

Lack of toxicology training 
 

 

When to use what metrics 
  

 

Address the problems of waste, toxicity, 
energy consumption altogether, rather than 
individually.  

 
 

 

 

Challenges 



Challenges (cont.) 

“Teaching Green” C&EN 2012 (Oct. 1), 90 (40), 64. 

“Green Toxicology” in Book: Green Techniques for 
Organic Synthesis and Medicinal Chemistry (ISBN-
10: 0470711515) 

“Using the Right Green Yardstick: Why Process Mass 
Intensity Is Used in the Pharmaceutical Industry To 
Drive More Sustainable Processes” Org. Process Res. 
Dev. 2011, 15, 912. 

“Barriers to the Implementation of Green Chemistry in 
the United States” Environ. Sci. Technol. 2012, 46, 
10892.  

 



Resources 

 

On-Line Learning 

– ACS course: Toxicology for Chemists 

– Free ACS webinar: Green Chemistry Series 

– Free video course: Carnegie Mellon Univ. The 
Institute for Green Science  

• Introduction to Green Chemistry 
(http://igs.chem.cmu.edu/) 

 

 

Websites 
– GreenChemWeb  (http://www.greenchem.org) 

– RSC list for reviews in Green Chemistry published in 3 
journals since 2011. 
http://blogs.rsc.org/gc/2012/02/08/reviews-in-green-
chemistry-a-cross-journal-collection  

 

 
 

http://igs.chem.cmu.edu/
http://www.greenchem.org/


Lecture Notes 
– ACS Summer School on Green Chemistry and 

Sustainable Energy 

– 綠色/永續化學工作坊  
http://gc.chem.sinica.edu.tw/workshop/notes.php 

 
 

 
 

Resources 

Organizations 
 

– ACS Green Chemistry Institute   
• The Nexus Newsletter 
• ACS GCI Industrial Roundtables 

– ACS GCI Pharmaceutical Roundtable  
– ACS GCI Formulator’s Roundtable  
– ACS GCI Chemical Manufacturer’s Roundtable  

 

– Warner-Babcock Institute for Green Chemistry  
– SusChem 

• Strategic Research Agenda /Implementation Action Plan 

– GreenCenter Canada 
 

 
 

 
 
 

http://portal.acs.org/portal/PublicWebSite/greenchemistry/industriainnovation/roundtable/index.htm
http://portal.acs.org/portal/PublicWebSite/greenchemistry/industriainnovation/WPCP_012598
http://portal.acs.org/portal/PublicWebSite/greenchemistry/industriainnovation/index.htm
http://portal.acs.org/portal/PublicWebSite/greenchemistry/industriainnovation/index.htm


Journals 
 

– Green Chemistry (RSC; launched 1999)  
– Green Chemistry Letters and Reviews (Taylor & Francis; 

2007) 
– ChemSusChem (Wiley; 2008) 
– ACS Sustainable Chemistry and Engineering (ACS; 2013) 
– Clean Technologies and Environmental Policy (Springer; 

2002) 
– Energy and Environmental Science (RSC; 2008) 
– Green and Sustainable Chemistry (open access) 
– Green Processing and Synthesis (De Gruyter; 2012) 

 

 

 

Resources 

News 
 

– ACS C&EN Green Chemistry Collection 
http://cen.acs.org/collections/greenchem.html 

 

 
 
 



Presidential Green Chemistry Challenge Awards 
(USA EPA 1996) 
 

Greener Synthetic Pathways Award 
Greener Reaction Conditions Award 
Designing Greener Chemicals Award 
Small Business Award 
Academic Award  
 
 

The European Sustainable Chemistry Award 
(EuCheMS 2010) 
 

Alternative Synthetic Pathways 
Alternative Feedstocks 
Alternative Reactor Design and Reaction Condition 
Design and Use of Less Hazardous Chemicals and 
Chemical Products 

Resources 



Chemistry and Sustainability  
 

Green/ 
Sustainable 
Chemistry 

Environmental / Planet 



Conclusion 
 
 

“It’s more effective,  
it’s more efficient,  
it’s more elegant,  
it’s simply better chemistry,”  
                                   -- Paul Anastas 
 

唯有永續化學 
能使化學永續    -- 劉廣定教授 

 



What can we learn from the history of 
Green Chemistry… 

When facing complex and emergent issues 

– Identify the missing pieces needed to solve the 

problems (e.g., Warner pointed out chemists’ 

problem of lacking knowledge in toxicity) 

– Work collaboratively even with competitors to 

construct the missing pieces (e.g., 

pharmaceutical companies made joint efforts) 
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