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People, people, people! 

http://en.wikipedia.org/wiki/World_population 



jeopardize 



Anastas, P. T.; Warner, J. C. Green Chemistry: Theory and Practice, Oxford University Press: New York, 1998, p.30 









Green Chemistry in the Pharmaceutical Industry, Wiley, 2010, Ch. 16 
DOI: 10.1002/9783527629688.ch16  



 Hazardous Waste to Land Disposal/Containment  10  

 Hazardous Waste to Incineration     4  

 Non-Hazardous Waste to Landfill     2  

 Waste Water (to Treatment Plant)                                        0.5 

 

E:  0 (ideal),  0.4 (low), 6 (moderate), 50 (large), >200 (maximum) 
 

 

Roger A. Sheldon, Chem & Ind., 7-Dec-1992, pg. 903 

Roger A. Sheldon, Chem. Commun., 2008, 3352-3365 

 



Process Mass Intensity, PMI)  

A key, high-level metric for evaluating and benchmarking progress 

towards more sustainable manufacturing, has chosen by American 

Chemical Society Green Chemistry Institute’s Pharmaceutical 

Roundtable. 

 

PMI=total mass in a process or process step (kg)/mass of product (kg) 

      = E + 1 

 
C. Jimenez-Gonzalez, C. S. Ponder, Q. B. Broxterman, and J. B. Manley, “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–

917.  (dx.doi.org/10.1021/op200097d) 

 

 



 
(Predicted Environmental 

Concentration) (Predicted No Effect 
Concentration)

 (risk quotient) = PEC/PNEC 
(http://www.scienceinthebox.com/en_UK/safety/riskassenv_en.html) 

 

(http://www.scienceinthebox.com/en_UK/safety/riskassenvapproach_en.html) 



Finding a sufficient range of green solvents 

recognizing whether a solvent is actually green,  
finding an easily-removable polar aprotic solvent, and eliminating distillation. 
P. G. Jessop, “Searching for green solvents”, Green Chem., 2011, 13, 1391.  
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U.S. EPA BIOWIN program Expert Survey Biodegradation model 

Step EE (Energy Efficiency) = 
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Life Cycle Analysis (LCA) 
(Other names: Life Cycle Inventory (LCI), Life Cycle Assessment (LCA), Cradle to Grave Analysis, Eco-
balancing, Dust-to-dust Energy Cost, and Material Flow Analysis.) 

Definition: 
LCA is a tool to access the potential environmental impacts of a product 
from the mining of the raw materials, used in its production and 
distribution, through to its use, possible re-use or recycling, and its 
eventual disposal. 
Assessment items:  
Global warming (greenhouse gases), acidification, smog, ozone layer 
depletion, eutrophication, ecotoxic and anthropotoxic pollutants, 
desertification, land use as well as depletion of minerals and fossil fuels. 
Purposes: 
Minimize the magnitude of pollution 
Conserve non-renewable resources 
Conserve ecological systems 
Develop and utilize cleaner technologies 
Maximize recycling of materials and waste 
Apply the most appropriate pollution prevention and/or abatement 
techniques 



Methods: 
1. To determine the 
scope and boundaries 
of the assessment 
2. To inventory the 
outputs that occur, 
such as products, 
byproducts, wastes 
and emissions, and 
the inputs, such as 
raw materials and 
energy, that are used 
during the life-cycle. 
3. The output from a 
life cycle inventory is 
an extensive 
compilation of 
specific materials 
used and emitted. 
4. To interpret the 
results of the impact 
assessment, 
suggesting 
improvements 
whenever possible. 



Uncertainty in Results: 
• assumptions made when choosing 

• system boundaries and data sources 
• use of regional or global data 

• poor quality data 

• unavailable data 

Achievements: 
• product development 
• product improvement 
• product comparison 

• environmental labeling 

Life cycle analysis Lesson 1 

http://www.utexas.edu/research/ceer/esm282/dfe/LCAoverview.PDF 

Kirsten Rosselot and David T. Allen 

Life-Cycle Concepts, Product Stewardship and Green Engineering 

http://www.utexas.edu/research/ceer/esm282/dfe/Chap13final.PDF 

Life cycle analysis and assessment 
http://www.gdrc.org/uem/lca/life-cycle.html 

Summary 
Resource efficiency: mass, energy, waste, atom economy 
The environmental, health and safety profile of the materials used and 
the process. 
Overall life cycle assessment: considerations such as the use of 
renewable feedstocks and impacts across the entire life cycle of a 
product or service. 



CASE STUDIES 

 

 Swedish tomato ketchup 

http://infohouse.p2ric.org/ref/37/36505.pdf 

HP LaserJet cartridge  

http://www.firstenvironment.com/html/lca_case_study-

hewlett_packard.html 

P&G kitchen products 

http://www.scienceinthebox.com/en_UK/sustainability/casestudies

_en.html 

Western Australian grain products 

http://www.tud.ttu.ee/material/piirimae/LCA/Case%20studies/LCA

%20grain%20products.pdf 

Thailand milled rice production  

http://www.eurojournals.com/ejsr_30_2_02.pdf 
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