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Welcome to our presentation about opportunities to reduce pollution and 

increase profitability through the utilization of green chemistry principles. 
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Green chemistry can be largely summarized by the first 2 of the above 

principles, with the following 10 being separate areas of emphasis. Generally 

speaking- designing efficient, effective, and environmentally benign chemicals 

and chemical processes largely captures the concept of green chemistry. The 

above principles were developed by Paul Anastas and J. C. Warner in Green 

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

p.30. 



3

Green chemistry can be largely summarized by the first 2 of the above 

principles, with the following 10 being separate areas of emphasis. Generally 

speaking- designing efficient, effective, and environmentally benign chemicals 

and chemical processes largely captures the concept of green chemistry. The 

above principles were developed by Paul Anastas and J. C. Warner in Green 

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

p.30. 



4

Unlike some reduction concepts that have been around for quite some time 

green chemistry is a rapidly expanding field with almost limitless possibilities 

for continuously improving chemicals and chemical processes.
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Concepts such as supramolecular chemistry achieve reactions in a solid state 

without the use of any solvents and achieve up to 100% yields.

Supramolecular chemistry and self-assembly processes in particular have been 

applied to the development of new materials. Large structures can be readily 

accessed using bottom-up synthesis as they are composed of small molecules 

requiring fewer steps to synthesize. Thus most of the bottom-up approaches to 

nanotechnology are based on supramolecular chemistry.

Supramolecular chemistry is often pursued to develop new functions that 

cannot appear from a single molecule. These functions include magnetic 

properties, light responsiveness, catalytic activity, self-healing polymers, 

chemical sensors, etc. Supramolecular research has been applied to develop 

high-tech sensors, processes to treat radioactive waste, compact information 

storage devices for computers, high-performance catalysts for industrial 

processes, and contrast agents for CAT scans.

Supramolecular chemistry is also important to the development of new 

pharmaceutical therapies by understanding the interactions at a drug binding 

site. In addition, supramolecular systems have been designed to disrupt 

protein-protein interactions that are important to cellular function.
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The Nobel Prize for Chemistry in 2005 was awarded based on advances in 

green chemistry, to reduce solvent use and produce more efficient processes 

with higher yields and less hazardous waste/intermediate materials.
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Green Chemistry yields additional savings for manufacturers by reducing risks 

to workers and consumers. More efficient processes that also limit a 

manufacturers liabilities are a double savings.
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Biobased products open opportunities to not only utilize the principles of green 

chemistry but also be from renewable resources. Many biological synthesis 

processes are replacing conventional refining or hazardous polymerization 

processes.
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Ultimately renewable resources may produce a significant amount 

manufacturing, pharmaceutical and consumer materials which are currently 

are produced with non-renewable and sometimes hazardous materials.
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A significant component of utilizing green chemistry will be the synthesizing 

materials and being able to disassemble and re-synthesize the same or different 

materials, creating a truly closed-loop lifecycle process.
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Green chemistry is being aggressively promoted on several fronts to advance 

this technology in the face of  dwindling non-renewable resources and 

environmental health and safety considerations such as limiting toxic waste 

materials.
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The American Chemical Society is an active proponent and information center 

for green chemistry & green engineering research/implementation.
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Substantial opportunities exist for companies to achieve excellent branding 

and name recognition for advances in green chemistry. Most advances have 

also yielded significant cost savings and competitive manufacturing advantage 

to companies that have implemented green chemistry principles into their 

research and development of new products and processes. Excellent case study 

information can be found by referencing the above green chemistry award 

resources.
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The National Science Foundation is actively engaged in sponsoring and 

collaborating on research efforts in green chemistry. This center is an example 

of one promising area of replacing traditional solvents and solvent processes 

with benign solvents or alternative  benign processes.
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Green Chemistry magazine is another useful resource for tracking ongoing 

research and technology breakthroughs in the field of green chemistry. The 

ability to search for various types of research and implementation documents 

makes this a very significant resource.
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For companies or researchers who are familiar with pollution prevention, the 

University of Massachussetts at Lowell has been a significant contributor to 

this field through such outstanding enterprises as the Toxic Use Reduction 

Institute (TURI). The Center for Green Chemistry has outstanding research 

ongoing in a number of green chemistry areas
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Green Chemistry is in no way limited to organizations within North America. 

Worldwide interest in this field has been significant for quite some time and 

international conferences on green chemistry research and technology have 

been frequent.
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It is important to note that a major emphasis of green chemistry in the 

international community is the economic impacts of utilizing cheaper 

renewable inputs and reducing costs by eliminating hazardous materials 

management/treatment/disposal costs.
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When CO2 is heated to 88°F and compressed to 1100 psi, it acts like a solvent 

and can be used for thinning viscous coatings to the desired level for 

application. Because of its solvent-like properties, CO2 can replace hazardous 

hydrocarbon solvents. A conventional hydrocarbon based coating emits 4.0 

pounds of VOCs per gallon, compared to a CO2 coating, which emits less than 

2.3 pounds of VOCs per gallon. Solvent use can be reduced by 50-85%; and 

use of hazardous air pollutants (HAPs), such as xylene and toluene, can be 

completely eliminated in some cases.
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Carbon Dioxide substitution represents a significant opportunity to utilize an 

existing benign substance to replace a wide variety of more toxic and more 

damaging substances. The recyclability and reuse of CO2 in many processes 

can make closed loop systems possible. 
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Solvents are critical for a multitude of  industrial processes. The substitution of 

Carbon Dioxide CO2 represents a significant opportunity eliminate a wide 

variety of environmental, health and safety hazards.
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The utilization  of CO2 in these coating processes produced impressive 

cost and emission reductions. In this case transfer efficiency was 

increased from 28% to 38%. Coating coverage quadrupled, from 9 parts 

per gallon (conventional coating) to 36 parts per gallon. With an annual 

spray line of 1.8 million parts, the company saved $2.5 million in 

reduced coating application costs alone.
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Utilizing CO2 to replace traditional reaction catalysts can eliminate hazardous 

by-products and create closed-loop processes.
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CO2 has been utilized in a wide range of  consumer and industrial process for 

quite some time. Its everyday uses make it easy to overlook as a significant 

resource for additional utilization.
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The use of carbon dioxide as a pesticide/fumigant for food grains represents a 

significant opportunity to reduce the risks to both workers and consumers from 

hazardous chemicals.
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Carbon dioxide utilization in dry cleaning processes has the potential to 

dramatically reduce the exposure of workers in this industry to hazardous 

process chemicals.
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In terms of paints and coatings, formulations that are dissolved in water are 

often referred to as water based. Formulations which are suspensions in water 

are often referred to as waterborne. Waterborne chemistries may be essentially 

the same as organic solvent based formulas with water serving as the “carrier” 

for the constituents.
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The concept of replacing many hazardous solvents and cleaners with water 

based chemical formulations has been around for quite some time and 

produced significant environmental benefits and cost savings. Additional 

research to find even more environmentally benign formulations may yield 

even more desirable processes and products
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The early stigma that waterborne formulations were inferior to solvent borne 

formulations have largely been eliminated in industry but more importantly in 

the laboratory and in actual use and practice. Waterborne formulations have 

been developed that outperform solvent based materials and greatly reduce 

emissions and operational costs for manufacturers. The Department of Defense 

has been significantly responsible for demonstrating the practical and 

environmental benefits of this shift in technology.
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Department of Defense facilities have made significant contributions to 

demonstrating the cost savings and environmental benefits  of waterborne 

coatings.
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The number of waterborne formulations for a variety of materials, including 

adhesives, provide ample opportunities for many manufacturers to greatly 

reduce the environmental impacts of products and processes. 
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Many consumer products have also taken advantage of waterborne re-

formulation.
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Another important aspect of green chemistry is the discovery of alternative 

synthesis pathways. A classic example of this is the traditional synthesis of 

Ibuprofen which previously produced large quantities of hazardous waste and 

had a relatively low yield of product.  
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The traditional industrial synthesis of ibuprofen was developed and patented 

by the Boots Company of England in the 1960s (U.S. Patent 3,385,886). This 

synthesis is a six-step process and results in large quantities of unwanted waste 

chemical byproducts that must be disposed of or otherwise managed. Much of 

the waste that is generated is a result of many of the atoms of the reactants not 

being incorporated into the desired product (ibuprofen) but into unwanted 

byproducts
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The BHC Company has developed and implemented a new greener industrial 

synthesis of ibuprofen that is only three steps (U.S. Patents 4,981,995 and 

5,068,448, both issued in 1991). In this process, most of the atoms of the 

reactants are incorporated into the desired product (ibuprofen). This results in 

only small amounts of unwanted byproducts (very good atom economy/atom 

utilization)4–10 thus lessening the need for disposal and mediation of waste 

products.
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The vast majority of polycarbonate is made in a process where CO 

and chlorine are combined to form phosgene, a toxic gas, as an 

intermediate material. The phosgene process entails a number of 

drawbacks in environmental terms including the toxicity of 

phosgene, the use of the low-boiling-point solvent methylene 

chloride to which exposure must be restricted, and the large 

quantity of waste water containing methylene chloride which must 

be treated.
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This technology uses ethylene oxide, its by-product CO2, and bisphenol-A as 

starting materials to produce high-quality polycarbonate and high-purity 

ethylene glycol at high yield. Because CO2 has low chemical reactivity, it was 

considered to be difficult to incorporate it into the polycarbonate main chain. 

However, this technology

successfully integrates all of the CO2 used into the products through deft 

utilization of chemical reactions. The CO2 used as starting material is a by-

product generated in the production of ethylene oxide (generally used to make 

ethylene glycol for PET bottles and polyester fiber), and is usually released to 

the atmosphere.
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In excess of 4.2 billion pounds of adipic acid are produced annually and used 

in the manufacture of nylon 6,6. Most commercial syntheses of adipic acid use 

benzene, derived from the benzene–toluene–xylene (BTX) fraction of 

petroleum refining, as the starting material. In addition, the last step in the 

current manufacture of adipic acid employs a nitric acid oxidation resulting in 

the formation of nitrous oxide as a byproduct. Due to the massive scale on 

which it is industrially synthesized, adipic acid manufacture has been 

estimated to account for some 10 percent of the annual increase in atmospheric 

nitrous oxide levels.
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In this reaction nontoxic glucose is employed as a starting material, which, in 

turn, is derived from renewable carbohydrate feedstocks, such as starch, 

hemicellulose, and cellulose. In addition, water is as the primary reaction 

solvent, and the generation of toxic intermediates and environment-damaging 

byproducts is avoided.
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An exciting area of research and product development is the replacement of 

many material intensive chemical processes with natural processes using 

biological action to create renewable and non toxic production scenarios.
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By studying processes in nature, many products may be possible that are 

superior in performance to many existing industrial materials.
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A major factor in the push to improve the efficiency and safety of chemical 

formulations is demand. As more companies work at efforts to “green” their 

input chemicals and their supply chain, green chemistry creates market 

advantage for companies who reformulate or create new chemicals which are 

more effective.
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For organizations or individuals interested in exploring this topic in more 

depth, the above references are provided to guide you to specific applications 

where green chemistry principles are being employed. Numerous other 

publications are also referenced in the earlier slides of this presentation which 

have extensive literature on technologies and approaches to green chemistry.
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There are numerous formal programs and approaches to implementing green 

chemistry and green design options into products and processes. Represented 

here are a few with extensive resources for assisting with greening a product or 

process.


