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Committee (OTC)," created in 1990 as a part of the 
Clean Air Act amendment, are examples ohtate regula­
tory programs. 19 The OTC has many member states and 
has been involved in developing model rules to reduce 

VOCs in consumer paint products such as architectural 
coatings, maintenance coatings, or automotive refinish 
coatings. The 1990 Clean Air Act also developed a "per­
mit" program for larger sources that release pollutants 
in the air. 19 The law also covered the interstate pollu­
tion and international pollution issues. 19 Indeed, these 
regulations were not only a major initiative to restrict 
or control the use of hazardous or toxic substances in 
consumer products, but they could be viewed as signifi­
cant steps towards beneficence and betterment of hu­
man health, safety, and the surrounding environment. 

THE GREEN SHIFT 
The introduction of the federal and state regulations 

motivated raw material suppliers and paint manufac­
turers to think "outside the box." The researchers in in­
dustries as well as in academics started exploring new 
strategies to meet the mandated limits. Some of these 
plans could be characterized as "(1) switch to an alter­
native technology, (2) reformulate, or (3) install con­
trol or recovery technology. "21 As a result of industry re­
search efforts, four main environmentally friendly or 
"green" technologies evolved. These four technologies 
included waterborne coatings, powder coatings, high­
solid coatings, and radiation-curable coatings. 

Water-based coatings have remained the prime 
choice for manufacturers as well as end-users. The 
Glidden Company was the first one to introduce VOC­
free paints and primers for architectural coatings into 
the market, in 1992.18 They were the first generation of 
VOC-free coatings. These paints, however, did not at­
tract consumer purchases because of their higher cost 
than conventional waterborne paints and marketing 
approach.18 Subsequently, companies successfully in­
vested their resources in developing low to zero VOC 
paints. According to a market report,9 waterborne coat­
ings in the U.S. market are the largest type of eco­
friendly coatings, with 2005 sales of $8.3 billion. They 
contribute 60% of all sales, mainly in the architectural 
coatings market. High-solids coatings were the second 
largest type of eco-friendly coatings at $2.6 billion in 
sales. The third largest and the fastest growing coatings 
market was powder coatings with U.S. sales of $1.4 bil­
lion in 2005. In 2001, Jones22 overviewed the above 
three technologies. According to Jones, 22 "these three 
alternatives could serve as answers to federal regula­
tions." Furthermore, commenting on powder coating 
technology, Jones22 cited M. Wismer's (PPG) thought: 
"breakthroughs in coatings technology often stem from 
breakthroughs in application technology." According to 
him, powder coatings served as an example of an inno-
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vative application method which was a result of joint 
efforts among formulators, chemists, and application 
engineers. 

In addition, many researchers have also been explor­
ing the possibilities of using renewable resources in 
coatings technology.23 The need has arisen due to the 
increasing raw material costs of petroleum-based prod­
ucts. Some renewable resource materials are used as 
monomers in manufacturing water-based coatings. The 
use of castor oil-based monomers23,24 or soya oil-based 
monomers23·25 as partial substitution of petroleum­
based acrylic monomers has been explored by many 
researchers. In addition, the use of epoxidized soy bean 
oil in radiation cure coatings also has been explored.26 

Jones22 also emphasized that despite certain shortcom­
ings such as yellowing or poor weatherability, vegetable 
oils are relatively inexpensive abundant resources. 
According to Jones, 22 the use of vegetable oils as reac­
tive diluents or as monomers has potential commercial 
viability. 

Thus, since 1970 the federal government regulations 
primarily initiated the "green revolution" in the paint 
and coatings industry. Also, "renewed social aware­
ness" provided momentum. These two factors greatly 
pushed the raw material suppliers and paint manufac­
turers to adopt green technologies and to consider the 
benefits and advantages provided by practicing green 
chemistries. 

STANDARDS AND CERTIFICATIONS 
FOR GREEN COATINGS 

In the last decade, many different independent or­
ganizations have been developed that certify a con­
sumer product as "green." Their standards are based on 
various criteria that are developed from their assess­
ment and evaluation of a product's environmental at­
tributes. Some of the organizations established in re­
cent years include Green Seal, U.S. Green Building 
Council, Master Painter Institute, Green Guard 
Environmental Institute, BuildingGreen, 
GreenHomeGuide, Environmental Home Center 
(EHC), and McDonough Braungart Design Chemistry 
(MBDC)'s "Cradle to Cradle certification." 1·7 

Green SeaP is one of the leading non-profit certifi­
cation organizations. Green Seal has developed many 
scientific environmental standards for several major 
product categories, three of which are for paint and 
coatings. These three standards are GS-03 for anticorro­
sive paints, GS-11 for general paints, and GS-43 for re­
cycled-content latex paint. These standards are devel­
oped based upon various criteria-for example, 
restricting the use of toxic compounds in paint as well 
as in packaging materials, or determining the limits on 

VOC levels and aromatic (or carbon) compounds. The 
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evaluation criteria mainly assess the overall environ­
mental performance of the entire product life-cycle. In 
the course of developing a standard, whenever possible, 
Green Seal also follows international standards to eval­
uate the performance of a product in terms of its eco­
characteristics. For example, Green Seal follows the 
Guiding Principles and Procedures for Type I 
Environmental Labeling Standard of International 
Organization for Standardization (ISO 14024). 

The U.S Green Building Council (USGBC)2 has been 
recognized and accepted both in the U.S. and in 
Canada. The USGBC has developed a Leadership in 
Energy and Environmental Design (LEED) Green 
Building Rating System. According to the organization, 
this system works as a "national consensus-based, mar­
ket-driven building rating system designed to accelerate 
the development and implementation of green build­
ing practices." There are five key areas in LEED: ( 1) sus­
tainable site development, (2) water conservation, (3) 
energy efficiency, ( 4) materials selection, and (5) in­
door environmental quality. Each area has specific per­
formance points and based upon the total earned 
points LEED provides different levels of certifications. 

The Master Painters Institute3 is another independ­
ent organization with green performance standards for 
paint and coatings. These standards are based on differ­
ent criteria such as VOC quantities used in a paint for­
mulation, its durability, and physical performance. The 
Green Guard4 Environmental Institute is also an inde­
pendent non-profit organization. They have developed 
standards for "indoor products, environments, and 
buildings." Their standards incorporate acceptable lev­
els ofVOCs, formaldehyde, and other emissive com­
pounds used in indoor products. 

Further, many organizations are involved in supply­
ing information and providing on-line directories of 
green building materials. Building Green Inc. 6 has de­
veloped a subscription based on-line directory, "Green 
Spec," which includes lists of green products and mate­
rials, articles, news, case studies, and reviews of several 
consumer products. To consider any product as 
"green," Green Spec uses various criteria for evalua­
tions. GreenHomeGuide5 is another example of a com­
munity-centered online resource directory that supplies 
information, case studies, expert opinions, and tips for 
"green" options available to conventional building and 
consumer products. 

Founded in 1995, MBDC7 is a product and process 
design firm which claims to transform its client organi­
zations through an innovative eco-effective design ap­
proach known as "Cradle to Cradle" certification. As 
defined by the firm, the "cradle to cradle certificate" is 
conceptually about "using environmentally safe and 
healthy materials; design for material reutilization, 
such as recycling or composting; the use of renewable 
energy and energy efficiency; efficient use of water, and 
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Technology Today 

maximum water quality associated with production; 
and instituting strategies for social responsibility. "7 The 
firm also claims that upon achieving the required crite­
ria, "a product is certified using various terms such as 
Silver, Gold, or Platinum product or as a Technical/ 
Biological Nutrient and it can be branded as Cradle 
to Cradle. "7 

GOVERNMENT'S INIBATIVES FOR GREEN 
Recent passage of the Green Chemistry Research and 

Development Act of 2005 (H.R. 1215) by the U.S. 
House of Representatives indicates that the government 
has recognized and supports the green revolution. 8 The 
goal is to develop an interagency program involving 
the National Science Foundation (NSF), the Environ­
mental Protection Agency (EPA), the Department of 
Energy (DOE), and the National Institute of Standards 
and Technology (NIST).8 Further, these organizations 
would work together to promote green research and 
development by providing research grants to individual 
researchers, and establish university-industry corporate 
research centers through education and training of un­
dergraduate and graduate students in green technology 
and many more activities.8•11 

Shortly after the passage of the Pollution Prevention 
Act of 1990, the Environmental Protection Agency 
(EPA) also developed a Green Chemistry Program to 
promote "innovative chemical technologies that reduce 
or eliminate the use or generation of hazardous sub­
stance in the design, manufacture, and use of chemical 
products."27 The EPA is currently building an Internet­
based Expert System, comprised of literature and many 
practical examples, to help and promote green strate­
gies among manufacturers.27

After �990, to prevent pollution and to encourage 
green chemistry practices,27 the EPA adopted " 12 
Principles of Green Chemistry," originally published by 
Anastas and Warner. 27 These rules serve as a guiding 
map for researchers to apply green chemistry practices. 

Figure 2-12 Principles of Green Chemistry. 27 
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