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Letter from the Director

GREEn ChEMISTRy IS An IMPoRTAnT FIELD oF PRACTICE ThAT buILDS on ConvEnTIonAL 

chemistry by ensuring that environment, health, and sustainability are critical criteria for molecular  

design, similar to performance and cost. Green chemistry applies 12 principles that lead to the use of 

more sustainable feedstocks, conservation of energy and water, and reduction of waste and toxicity.  

The Green Chemistry & Commerce Council (GC3) was formed in 2005 

to advance this growing field by bringing together key business 

leaders, government experts, academic researchers, and envi- 

ronmental and health advocates. One of the GC3’s driving phil- 

osophies is that challenges in green chemistry research, adoption, 

and scale can most effectively be solved with cross-sectoral,  

supply-chain dialogue, collaboration, and partnership. 

In the ten years since the GC3 was founded, public, government, 

and marketplace concerns about chemical hazards, resource scar-

city, and climate impact have been on the rise. This has led to significant collaborative activity focused on identify-

ing, evaluating, and implementing green chemistry solutions: supply-chain activity on safer, more sustainable 

chemicals, materials, and products is growing; new research is occurring; new businesses are emerging; partner-

ships are being formed; and educational programs are expanding—all focused on green chemistry.  The growth of 

green chemistry-related activities in recent years is impressive, clearly demonstrating how the building blocks of 

the products we use every day can be made in ways that reduce impacts on people and the planet, at competitive 

prices and with improved performance. 

Nonetheless, green chemistry is still viewed primarily as an environmental activity rather than one that, as experi-

ence shows, yields economic benefit, and it has yet to be integrated into the fabric of the chemical enterprise,  

educational systems, or government programs. For example, it has received little attention or support from the 

White House or agencies outside of the Environmental Protection Agency and the National Science Foundation, 

which have only small and under-resourced green chemistry programs. The National Institute of Standards and 

Technology has eliminated its Technology Innovation Program under which safer chemistry was a focal area. Green 

chemistry has mistakenly not been widely viewed as a key part of “clean tech” and as such has not attracted the 

type of public or private investment that other clean technologies have. We have a long way to go to get to the point 

where green chemistry is standard practice

The GC3 sees the vast benefits and opportunities for growth in green chemistry, yet also recognizes that many  

barriers have kept it a niche consideration. In 2013, the GC3 embarked on an ambitious effort to understand  

how to “mainstream” green chemistry. The GC3 defines the mainstreaming of green chemistry as being when all 

chemistry—including chemistry and engineering research, education, and policy—becomes green chemistry.  

This GC3 report, An Agenda to Mainstream Green Chemistry, integrates existing and original research on green 

chemistry barriers and accelerators, along with input from our members who are leaders in the field. It describes 

the importance of green chemistry to our economy and environment, and identifies strategies and actions needed 

from all corners to significantly accelerate its impact. The GC3 views this Agenda as an opportunity to engage with 

policy makers, investors, firms, researchers, and advocates to move actions forward that will help grow this impor-

One of  the GC3’s driving philosophies 
is that challenges in green chemistry 
research, adoption, and scale can most 
effectively be solved with cross-sectoral, 
supply-chain dialogue, collaboration, 
and partnership.
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tant field of sustainability. This is a living document, and we wel-

come your thoughts, suggestions, and reactions. Please send them  

to mainstream@greenchemistryandcommerce.org.

Given the current economic climate and the challenges of complex 

global production systems, embedding a paradigm shift toward 

green chemistry will require strategic thinking, coordinated and col-

laborative activities, careful planning, resources, and time. The GC3 

will continue to be a strong advocate for and convener of this work, 

as well as a resource to those who can help support the strategies 

and actions described in this document. We encourage dialogue 

and input into this Agenda to Mainstream Green Chemistry so that  

together we can build innovative solutions that transform and strengthen the chemical enterprise.  

We look forward to partnering with you on this journey. 

Sincerely,

Joel Tickner, Director

on Behalf of the GC3

In 2013, the GC3 embarked on an  
ambitious effort to understand how  
to “mainstream” green chemistry. The 
GC3 defines the mainstreaming of  
chemistry as being when all chemistry— 
including chemistry and engineering  
research, education, and policy— 
becomes green chemistry.  

mailto:mainstream@greenchemistryandcommerce.org
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Why An Agenda to Mainstream Green Chemistry?

ovERvIEW  

Ninety percent of manufactured goods are in some way linked to the chemical industry. Yet, despite its many  

environmental, public health, business, and economic benefits, green chemistry is still only a small part of the 

chemical enterprise. 

Green chemistry is the design of chemical products and processes that reduce or eliminate the use and genera-

tion of hazardous substances throughout their lifecycles: design, manufacture, use, and end of life. It is a growing 

field of practice, emerging in the 1990s, that builds on conventional chemistry and engineering by applying 12  

fundamental principles that guide the molecular design of sustainable chemical products and processes. Adher-

ing to these principles prevents pollution and waste, leads to synthesis of chemicals in less hazardous and more 

efficient ways, promotes the use of renewable feedstocks, and leads to the design of safer chemicals. Green 

chemistry is a solution to the increasing demand for safer products from businesses and individuals. 

The Green Chemistry & Commerce Council (GC3) is a business-to-business forum that works collaboratively to  

accelerate the application of green chemistry across industry sectors and supply chains. Through its Mainstream-

ing Green Chemistry Project, the GC3 seeks to gain a more in-depth understanding of the drivers and barriers to 

green chemistry, and to recommend steps to accelerate its growth so that all chemistry becomes green chemistry.

This Agenda to Mainstream Green Chemistry is one step in this process. Its purpose is to identify actions that,  

in the short term, will:

•	 scale	innovation	in	green	chemistry,

•	 elevate	the	importance	of	green	chemistry	in	education	and	research,	and	

•	 yield	smart	policies	that	support	green	chemistry	markets,	research,	and	innovation.

This document describes the important benefits of green chemistry, identifies barriers to its adoption, makes the 

case for more public and private sector support to overcome barriers, and identifies five overarching strategies 

to accelerate the adoption of green chemistry. These strategies are to:

1. Enhance Market Dynamics by continuing to build a comprehensive, ongoing understanding of green  

chemistry enablers, market drivers, and obstacles.   

2. Support Smart Policies by designing and advocating for innovative state and federal policies that increase  

the supply of and demand for green chemistry solutions.

3. Foster Collaboration by facilitating the flow of information about green chemistry solutions among  

suppliers and product makers, and assembling partnerships to tackle priority challenges.

4. Inform the Marketplace by disseminating information about green chemistry business, economic,  

and health benefits, as well as opportunities and funding.

5. Track Progress by improving green chemistry metrics and periodically gathering and reporting data  

on progress.
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The GC3 has developed six key actions, based on the above strategies, that it will take to reach its short-term 

goals, including: 

•	 supporting	the	proposed	federal	“Sustainable	Chemistry	Research	and	Development	Act	of	2015,”	 

or similar legislation that meets the GC3’s criteria for “smart policies” described in this document;

•	 expanding	the	development	and	use	of	innovative	tools	that	support	green	chemistry	research	and	adoption;		

•	 convening	a	national	summit	on	green	chemistry	research	and	education;

•	 building	agreement	on	the	priority	metrics	needed	to	measure	progress	in	green	chemistry	and	ways	 

to gather such information;

•	 engaging	with	public	and	private	sector	funding	entities	to	target	critical	green	chemistry	needs;	and

•	 continuing	to	advance	collaborative	supply-chain	partnerships.

The Agenda to Mainstream Green Chemistry is the result of literature reviews, in-depth original research, interviews, 

a survey of GC3 members, lessons from the GC3’s first decade of bringing together practitioners and enablers 

(policy-makers, researchers, and advocates) of green chemistry, and input from an advisory committee comprised 

of business, government, academic, and not-for-profit leaders.

There is a clear business and economic case for green chemistry, the barriers to increasing its practice are becom-

ing better understood, and the opportunities for collaboration in accelerating green chemistry research, adoption, 

and scale are growing. The GC3 will continue to play a convening and supporting role to overcome barriers and 

take advantage of these opportunities in the coming years.   

DEFInInG GREEn ChEMISTRy

Green chemistry is the design of chemical products and processes that reduce or eliminate the use and gen- 

eration of hazardous substances throughout their lifecycles: design, manufacture, use, and end of life. Green 

chemistry is a growing field of practice that builds on conventional chemistry and engineering by applying 12  

fundamental principles that guide the molecular design of sustainable chemical products and processes.1 Adher-

ing to these principles prevents pollution and waste, leads to synthesis of chemicals in less hazardous and more 

efficient ways, promotes the use of renewable feedstocks, and leads to the design of safer chemicals. 

hoW GREEn ChEMISTRy IS PRACTICED 

Green chemistry incorporates every element of business, from product design to feedstock selection through man-

ufacturing to finished products, including the ways that companies manage their businesses and engage their cus-

tomers throughout the supply chain. 

While green chemistry is practiced primarily at the chemical discovery, development, and formulation levels,  

product developers, manufacturers, brands, and retailers all play an important role in its implementation. Several 

ways they do this are by changing design specifications, sourcing materials and products that incorporate green 

chemistry practices, changing manufacturing practices to substitute or reduce the use of hazardous chemicals, 

and developing and implementing policies that restrict chemicals of concern in the products they source, make, 

and/or sell. 

Green chemistry can be an iterative process where products are improved incrementally over time, or it can yield 

a disruptive innovation and offer entirely new technologies and approaches for making safer products. 
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ThE GRoWTh oF GREEn ChEMISTRy

A report from Pike Research, a consulting firm that analyzes global clean tech markets, estimates that green chem-

istry is a market opportunity that will grow from $2.8 billion in 2011 to $98.5 billion by 2020, while also saving 

over $65 billion in direct costs and reduced liabilities.2 The report identifies three major themes driving the growth 

in green chemistry: waste minimization in the chemical production process, replacement of existing products with 

less toxic alternatives, and a shift to renewable (non-petroleum) feedstocks. Market growth in green chemistry has 

occurred across a range of sectors—e.g., building materials, chemicals, and personal cleaning products—more 

quickly than that of conventional chemistry.3

In the short period of time since the field of green chemistry has emerged, there have been significant and  

ever-increasing strides in its adoption: 

•	 the	Presidential	Green	Chemistry	Challenge,	a	federal	government	awards	program,	has	been	recognizing	 

innovative green chemistry research initiatives in business and academia since 1996;

•	 an	increasing	number	of		green	chemistry	research	and	education	conferences	are	bringing	together	 

researchers from around the world to share knowledge and experiences; 

•	 the	number	of	University	and	K-12	green	chemistry	research,	education,	and	training	programs	is	growing	 

significantly;

•	 several	states	have	established	green	chemistry	programs	that	engage	industry,	academia,	non-profit	organi-

zations, and government in building a foundation for green chemistry research, education, and adoption;

•	 business	adoption	of	green	chemistry	is	expanding:	companies	across	industry	sectors	are	integrating	 

green chemistry into research, design, and development decisions, groups of industries are collaborating to 

advance the application of green chemistry principles, and the number of innovative, green chemistry- and 

biomaterials-based start-up companies is on the rise;

•	 major	scientific	bodies,	such	as	the	President’s	Cancer	Panel	and	the	Centers	for	Disease	Control	and	 

Prevention’s National Conversation on Chemical Exposures, now acknowledge the need to develop green 

chemistry solutions to prevent chemical risks;

•	 new	toxicological	screening	approaches	and	tools	to	support	designers	in	developing	and	selecting	safer	

chemistries are emerging;

Source: Trucost, Making the Business Case for Safer Chemistry4

F i g u r e  1:   uS Patents issued for Sustainable Chemistry
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•	 business	and	institutional	purchasers	are	increasingly	specifying	products	with	safer	chemistries	and	finding	

more products to meet their needs; and

•	 there	has	been	a	significant	growth	in	investments	as	well	as	patents	relating	to	sustainable	chemistry,	 

of which green chemistry is a subset (see Figure 1, page 7). 

Examples abound of companies around the world, both established and emerging, big and small, developing  

new innovations using green chemistry, and GC3 members and affiliates are leading the way: 

•	 International	chemical	industry	leaders	Dow and bASF together developed a way to synthesize propylene  

oxide, one of the top 30 chemical intermediates sold worldwide, utilizing green chemistry principles. Their 

new process reduces wastewater production by 70 to 80% and energy use by 35%, while also reducing the 

cost of production facilities by 25%.

•	 California-headquartered	outdoor	clothing	pioneer,	Patagonia, has invested in the Swiss firm beyond Surface 

Technologies to develop a water repellant for clothing that is free of perfluorocarbons, which are persistent 

and bioaccumulative. Beyond Surface Technologies has developed three alternative products that can replace 

or significantly reduce fossil-based raw materials, have lower toxicity than their alternatives, and in some  

cases use less water and electricity to produce. 

•	 The Warner babcock Institute for Green Chemistry, based in Massachusetts, has developed and recently 

introduced to the market Hairprint, a non-toxic, vegetable-based product that restores gray hair to its original 

color while also improving hair structure. Hairprint uses 9 food-grade vegetable ingredients and avoids the 

chemicals found in traditional semi-permanent hair dyes that have been linked to allergies, skin irritation,  

and cancer. 

•	 Elevance Renewable Sciences, Inc., headquartered in Illinois, uses a proprietary Nobel-prize winning tech-

nology that turns natural oils into high-performance chemicals that have benefits of both petroleum and bio-

based products. This process creates a product with functional attributes that were previously only achievable 

by blending petro-chemicals and bio-based oleochemicals, reducing source pollution, production costs, and 

capital expenditures compared to petrochemical refineries. 

•	 Johnson & Johnson, headquartered in New Jersey, reaps significant environmental and economic benefits 

through the use of green chemistry principles in designing and reformulating its active pharmaceutical ingre-

dients (API). The company reduced its raw material use by 64%, water use by 78%, and hazardous waste  

produced by 87% by applying green chemistry principles to the synthesis of Zytiga®, an API used for patients 

with prostate cancer. With another API, buprenorphine, the company reduced process mass intensity by  

43%, water use by 71%, hazardous waste by 28%, and energy use by 23%. 

•	 verdezyne, Inc., based in California, has developed a proprietary technology that can ferment a variety of  

renewable, non-food, plant-based feedstocks to create chemical intermediaries commonly used in nylons and 

other plastics. Verdezyne’s preferred feedstocks cost less than other plant or petroleum inputs, and are not 

subject to the same types of price volatility and uncertainty of supply. Verdezyne’s production methods are 

expected to generate less CO2 than petroleum-based processes, offering a reduced carbon footprint. 

•	 Montreal-based	company	bioAmber has partnered with bayer MaterialScience to provide renewable feed-

stocks for Bayer MaterialScience’s new bio-based polyurethane dispersions under the Impranil® eco brand. 

Impranil® eco can contain up to 65 percent renewable content. These are the first synthetic materials and 

coated fabrics with a high renewable content. Their bio-based source does not compete with food production. 
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These examples represent a small number of the many breakthroughs that share a common basis in green  

chemistry and are transforming how we make products in a more sustainable manner, starting from the chemical 

building blocks. 

ThE CASE FoR GREEn ChEMISTRy  

A report by the sustainability research firm Trucost entitled Making the Business Case for Safer Chemistry,5  

commissioned by the GC3 and the American Sustainable Business Council, identified a number of risks that com-

panies take by not transitioning to safer chemistries. These include the risk of NGO and/or shareholder activism, 

regulatory risks, costs of incidents and accidents from hazardous materials, product liability, and lost market  

opportunities. Conversely, companies that pursue safer chemistry can have higher growth rates than conventional 

markets, increased capital flows, greater market opportunities, and job growth. A 2011 McKinsey survey of 500 

executives around the world found that over 80% see green attributes as an important trend that will generate 

value; low toxicity was one of the top two green attributes mentioned.6

 

A 2014 PricewaterhouseCoopers survey of chemical company CEO attitudes7 identified a number of CEO concerns 

that could be addressed through adoption of green chemistry and engineering:  

•	 91%	feel	it	is	important	for	their	companies	to	measure	and	reduce	their	environmental	footprints	 

(compared to 81% of all CEOs);

•	 close	to	90%	have	as	a	priority	altering	their	R&D	and	innovation	capacity	and	changing	their	technology	 

investments; 

•	 82%	worry	about	high	and	volatile	raw	materials	prices;

•	 75%	are	concerned	about	high	and	volatile	energy	costs;	and

•	 61%	expect	that	climate	change	and	resource	scarcity	will	dramatically	transform	their	business	 

environment in the next five years.

Numerous studies have shown that green chemistry provides economic benefits. From 2010 to 2011, the number 

of US chemical manufacturing jobs classified as “Green Goods and Services” (GGS) positions grew by 7%, where-

as total employment in the chemical manufacturing sector decreased by 4%.8 The US Department of Labor defines 

GGS as “goods and services produced by an establishment that benefit the environment or conserve natural re-

sources.” 

A study9 of the economic benefits of a green chemical economy by the Political Economy Research Institute (PERI) 

at the University of Massachusetts found that jobs in the chemical industry (not including pharmaceutical compa-

nies) have been reduced by 48% between 1992 and 2010 due to off-shoring. The researchers estimate, however, 

that if 20% of U.S. production were to shift from petrochemical to bio-based plastics (one of the principles of green 

chemistry), 104,000 jobs would be created in the US, keeping the same production levels. The study finds that 

green chemistry will make the US chemical industry more competitive by:

•	 lowering	handling	and	disposal	costs,

•	 opening	up	access	to	global	markets,

•	 reducing	wastes	through	efficient	inputs,

•	 meeting	demands	for	safer	products	more	efficiently,

•	 protecting	shareholder	value,	and

•	 encouraging	research	&	development.
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An estimated 90% of all manufactured goods are linked to the global chemical industry.11 As a result, green 

chemicals markets around the world have been increasing by tens of billions of dollars per year, with Asia Pacific, 

Western Europe, and North America as key growth regions (Figure 2).  

An analysis of the winners of the U.S. Presidential Green Chemistry award between 2001 and 2010 by researchers  

at McGill University illustrates both the environmental and business benefits of green chemistry. It found that  

for these awardees, green chemistry investments reduced the costs of materials, energy, and/or services, and 

reduced risks. The wide range of industries represented in the awards shows that green chemistry is not just 

isolated in one part of the economy, but has a place in almost every industry, including agriculture, automotive and 

transportation, buildings and architecture, bulk and commodity chemicals, electronics, food, fuels, medical devices, 

paints and coatings, pharmaceuticals, plastics, printing and imaging, pulp and paper, soaps and detergents, and 

textiles and fibers. Each of the 21 industries identified in the research had from 1 to 18 award-winning innovations, 

with stated benefits that included reductions in greenhouse gas generation, endocrine disruptors, carcinogens, 

skin irritants, and wildlife and aquatic toxicants. The business benefits realized were improved performance, cost 

savings, reduced regulatory burdens, and reduced risk (Figure 3, page 11).12

source: 

Source: Pike Research, Green Chemistry Bio-based Chemicals, Renewable Feedstocks, Green Polymers, Less-toxic Alternative Chemical  
Formulations, and the Foundations of a Sustainable Chemical Industry10

F i g u r e  2:   global green Chemicals Market by region: 2011–2020
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GREEn ChEMISTRy DRIvERS

Consumer demand (both individual and institutional) for safer products, as noted in research conducted for the 

GC3 by Trucost and Tess Fennelly & Associates, is one of the most important drivers for green chemistry.13 The 

results of a 2014 survey of 29 GC3 member companies14—chemical and product manufacturers, product brands, 

and retailers—reinforce this finding. The survey also indicates that the most important reasons GC3 member 

companies pursue green chemistry are concern for worker health and safety and concern for the environment. 

Other drivers for GC3 companies are competitive advantage, brand fit, and risk avoidance. In Table 1 (page 12), 

note that the priority of these drivers vary slightly based on business sector. 

GC3 businesses want to see green chemistry become the norm because this will help open new markets—both 

domestically and internationally—for their products, support their concern for worker and environmental safety, 

make it easier to find qualified workers, and bolster their ability to be innovation leaders. 

Well-designed government policies can also be effective drivers of green chemistry activity. Thirty percent of com-

panies receiving Presidential Green Chemistry Awards explicitly stated that regulations were one of their drivers 

for investing in green chemistry.15 The nonprofit Center for International Environmental Law (CIEL), has document-

ed that patents in green chemistry tend to increase with chemical regulation.16 A 2011 survey of 146 chemists 

from firms with headquarters in 22 countries performed by the Yale Center for Green Chemistry and Green Engi-

neering, the London School of Economics and Political Science, and the OECD Environment Directorate supports 

the importance of good policy in driving green chemistry in firms. It found that government regulation is a driver in 

decisions to invest in research and development in green chemistry, and that regulatory structure is the most 

important policy factor that drives firm behavior. Traditional regulatory requirements and product standards were 

considered by respondents of that survey to be very important in driving businesses towards more involvement 

with green/sustainable chemistry, along with mandatory testing and product labeling. Incentive-related policies, 

such as government R&D financing, were also found by firms to be important drivers of green chemistry.17 

Source: Milne, I. and Maguire, S. 2011. The Business Cases for Green Chemistry.

F i g u r e  3:   environmental and economic Benefits Associated with green Chemistry investments
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bARRIERS: Why GREEn ChEMISTRy IS noT yET MAInSTREAM 

Even though green chemistry yields such a wide range of important benefits, there are many reasons why it has 

not yet become mainstream practice and why it needs more support to become so. A number of surveys and in-

vestigations have been conducted by business and academic organizations, including the GC3, to understand 

green chemistry barriers.18 These barriers, detailed below, fall into the following categories:

•	 Development,	identification,	and	evaluation	of	green	chemistry	innovations;

•	 Supply	chain	alignment;

•	 Education;	and	

•	 Metrics.

Key barriers experienced directly by GC3 members include the high cost to scale up new products, including the 

time and resource costs it takes to get these to market; the lack of technically and/or economically feasible alter-

natives; the high cost to research alternatives; and the perceived high cost of alternatives.19

Table 2 shows how the priority of these barriers may vary depending on where in the supply chain a company is 

situated. For example:

•	 the	lack	of	chemical	ingredient	disclosure	and	lack	of	information	about	safer	alternatives	are	key	barriers	for	

retailers,

•	 the	high	cost	to	scale	up	is	a	significant	barrier	for	chemical	and	product	manufacturers,	and

•	 the	lack	of	availability	of	technically	and	economically	feasible	safer	alternatives	is	an	important	barrier	for	

product manufacturers and brands.

GC3 chemical company members report that bringing new chemical innovations to market can take 5 to 10 years. 

Time is needed for research and development, testing, regulatory compliance, raising funds, and scaling up a  

production facility.  As a result, according to the 2011 Pike Research study, many manufacturing facilities applying 

green chemistry principles are still at laboratory or pilot scale, with production-scale plants not expected to be  

running at capacity for several more years.20 

The lag time from idea to incorporation of a new substance or material into a product is also a factor. Sometimes 

chemical companies develop a new product but there is not a strong enough market demand, or no market at the 

desired price; years later the market may open and it can become more economical to scale up a plant. Many 

Chemical Mfr Product Mfr Product brand Retailer

Concern for Worker Health/Safety ✔ ✔ ✔ ✔

Concern for Environment ✔ ✔ ✔ ✔

Competitive Advantage ✔ ✔ ✔ ✔

Fits Our Brand ✔ ✔ ✔ ✔

Customer Demand ✔ ✔ ✔ ✔

Risk Avoidance/Reduction  ✔ ✔ ✔

Profits Generated ✔   

Cost Savings ✔   

Opens New Markets ✔     

TA B l e  1:   Top ranked Drivers of green Chemistry by Business Type for gC3 Members
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TA B l e  2:  Top ranked Barriers to implementing green Chemistry  
by Business Type for gC3 Member Companies

green chemistry companies are also targeting large, existing chemical markets so adoption can be limited by the 

lack of ability to feed these markets at required levels of supply, cost, and performance.

Investment in new chemical development is also expensive, ranging from hundreds of millions to over a billion  

dollars, depending on the type of chemical; chemical companies do extensive research into market trends before 

making this investment. However, as confirmed by stakeholder dialogues the GC3 has convened between major 

retailers and chemical companies, chemical companies do not always get a clear message from consumers or 

their supply-chain customers about the demand for safer alternatives. Even if they do, there are other issues in 

the supply chain that can slow adoption, such as the need for manufacturers to redesign, reformulate, or test  

products to incorporate a new alternative.

Other supply chain barriers, described by Tess Fennelly & Associates in research commissioned by the GC3,21  

relate to the number and complexity of supply chains, which can fragment customer demand for a particular chem-

ical. For example, a chemical may be used in a host of different applications, each with different industry require-

ments, standards, regulations, and customer perceptions and demands. Fennelly identifies six supply chain  

challenges that are magnified by this fragmentation: 

•	 Incumbency: The chemical industry is anchored by multi-billion dollar petroleum-based companies with global 

capabilities. Their products have optimized and proven process economics, well-understood performance 

data, and well-established customers and markets. This well-embedded infrastructure makes it difficult for 

new entrants.  

•	 Confusion and Switching Risk: Confusion exists in the marketplace about what constitutes a toxic or safer 

chemical, and whether a “better bad” is worth the risk of switching from what is known and understood. 

•	 Price/Performance: Green chemistry innovations are targeting markets with well-established chemicals with 

known performance and price. While the full cost profiles of green chemistry products may in fact be better 

(reduction in hazard handling, disposal costs, etc), they are not necessarily drop-in replacements and there 

can be additional costs of reformulation and production, as well as changes in product performance. 

Chemical Mfr Product Mfr Product brand Retailer

High Cost to Scale Up ✔ ✔ ✔

Lack of Economically Feasible Alternatives ✔ ✔ ✔ ✔

Lack of Technically Feasible Alternatives ✔ ✔

High Cost to Research Alternatives ✔

Perceived High Cost of GC Alternatives ✔

Low Cost of Existing Options ✔

Lack of Disclosure About Chemicals, 
Materials, and/or Products Sourced From 
Suppliers

✔ ✔

Lack of Info re: Safer Alternatives ✔

Lack of Available Safer Alternatives ✔

Perceived Lack of Value in GC ✔

Lack of Customer Demand ✔

Conflicting Info re: Chemical Hazards ✔
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•	 Supply & Demand: Building scale is costly, and processors and producers, key to building demand, are  

often reluctant to change, and incur transition costs, and rely on a sole source of a chemical. 

•	 New Technology Access and Placement: Finding a home for new technology is not a guaranteed success.  

Suppliers struggle to find early adopters of their products, and customers don’t know where to find safer 

products beyond their existing supply chain. 

•	 Transparency: The increased demand for transparency from manufacturers, retail customers, and others  

can slow innovation, as the need to protect trade secrets and intellectual property is important in developing 

new products.

The positive side of the drive to increase transparency, however, is that it improves information flow in the supply 

chain, making it easier for customers to identify where chemical hazards exist and where market opportunities for 

green chemistry may be found, thereby supporting the development of safer alternatives.22

While there are federal and state incentives for R&D, these are often not leveraged for green chemistry. There are 

also few federal, state, or local government incentives to support commercial-scale green chemistry companies. 

Some GC3 member companies have located or are planning to locate outside the U.S. to Canada, France, Thai-

land, and Indonesia due to attractive location incentives and/or proximity of bio-feedstocks. 

Regulations, which can drive green chemistry activity, can also create barriers. One way is by creating uncertain-

ty—the concern that regulations are unclear or may change—which adds risk to industry.23 In addition, depending 

on the product, certification of new chemicals or ways of producing them must go through an expensive and time-

consuming process of registration with the federal government, even if the product is safer than its predecessor. 

Some regulations, which focus on risk management rather than risk prevention, do not offer incentives for greener 

alternatives (such as a fast track for processes that provide environmental or health benefits) and can create a 

barrier to the implementation of green chemistry.24

Green chemistry represents a significant cultural shift in how chemicals are designed and how materials and prod-

ucts are made. It requires a different way of thinking that would evolve from changes in the types of training that 

chemists, engineers, product designers, and environmental health and safety professionals receive. Building a 

workforce trained in green chemistry principles, toxicology, life cycle thinking, and sustainability is key. However, 

while the number of green chemistry academic and continuing education programs is growing, it is still a small 

number and not enough to transform an industry by providing workers at every skill level—from bench chemists to 

entrepreneurs. More education is needed, from elementary school through post-graduate, to build the green  

chemistry ecosystem. 

Another reason why green chemistry is not yet mainstream is that the costs of public health and environmental 

assessment, monitoring, and damage resulting from some conventional chemistry practices are largely exter- 

nalized and not always borne by individual firms. Therefore, investments in green chemistry that can reduce such 

impacts, while benefitting society, do not necessarily accrue directly to a company, making it harder to justify new 

investments that might lessen or eliminate these externalities. In addition, the externalization of these costs  

artificially lowers the cost of conventional chemistry.

A final barrier to the growth of green chemistry is the lack of good metrics that benchmark progress, ensure move-

ment in the right direction, and track the impact of policies and investments. Because green chemistry isn’t a  

simple checklist of activities or outcomes, it can be challenging to measure what products or processes qualify as 

green chemistry. Developing key indicators, such as health benefits, can be challenging.  This can make it difficult 

to create support for such activities in firms.25 Needed as well are metrics that help make the case for green chem-
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istry, for example jobs (numbers, growth, and required skills), business value and growth, actual costs to business-

es and society of conventional chemistry, reduction in volume of toxic chemicals used (and increase in safer ones), 

and research outcomes.

While there is a clear definition of green chemistry, the complexity in its implementation can make it difficult to 

know what or how to measure, and also makes it difficult to have a common language about its practice. For  

example, how many or which of the 12 Principles must a company follow for their product or company to be con-

sidered as utilizing green chemistry, or what toxicological endpoints should be considered to define an inherently 

safer molecule? The American Chemical Society’s Green Chemistry Institute Chemical Manufacturers Roundtable 

surveyed its members to identify which green chemistry principles they are implementing and found that compa-

nies may only be engaged in implementing some of them, depending on the type of company and breadth of  

operations.26 In addition, these principles refer primarily to actions undertaken at the chemical research and  

development level, while all parts of the supply chain play a role in green chemistry development and adoption; 

metrics must be developed that encompass all parts of the supply chain. Finally, green chemistry is often a pro-

cess of continuous improvement and therefore lacks a clear mile marker letting a company know it has “achieved 

green chemistry.” 

A summary of barriers can be found in Appendix II. 
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ThE GC3 hAS IDEnTIFIED ThE FoLLoWInG FIvE STRATEGIES AS CEnTRAL To ACCELERATInG 

innovation in and adoption of green chemistry. These strategies will help continue to build an understanding 

of green chemistry markets and opportunities, lead to policies that overcome barriers and drive innovation, 

create partnerships that will yield new breakthroughs and markets, shift the marketplace towards safer products, 

and generate data to track progress and ensure and celebrate positive movement.  

1. Enhance Market Dynamics

The GC3 calls for continuing research and dialogue among stakeholders to keep an 

up-to-date understanding of the changing market factors driving and holding back 

green chemistry innovation and adoption, and to use this understanding to grow 

green chemistry practice.

While GC3 members are leaders in green chemistry and understand their individual 

business drivers and constraints, ongoing dialogue across the supply chain is key  

to understanding ever-changing market factors. Such market intelligence will help 

identify the best ways to mainstream green chemistry—from overcoming barriers to 

growing accelerators. Such market factors include:  

•	 specific	and	varied	barriers	faced	by	companies	throughout	the	value	chain

•	 key	leverage	points	for	green	chemistry

•	 how	demand	can	be	built	for	green	chemistry	solutions	domestically	and	internationally

•	 models	to	reduce	the	high	cost	of	scaling	up	and	to	share	market	and	other	risks	

•	 critical	green	chemistry	needs	or	priority	challenges	to	be	solved

•	 where	chemicals	of	concern	are	being	substituted	and	why

•	 how	the	innovation	challenges	facing	companies	practicing	green	chemistry	are	similar	to	or	different	 

from those in other industries and what lessons can be learned

•	 why	certain	chemicals,	materials,	and	finished	products	designed	applying	green	chemistry	principles	 

have succeeded or failed in the marketplace

•	 how	to	fulfill	the	workforce	needs	of	green	chemistry	employers	

•	 places	where	transparency	demands	and	need	to	keep	business	information	confidential	are	supporting	 

or limiting green chemistry 

•	 identifying	where	there	is	a	lack	of	common	understanding	regarding	definitions

2. Support Smart Policies 

The GC3 calls for and will support smart state and federal policies that accelerate 

and enhance green chemistry innovation and adoption.

The right kinds of policies—at the local, state, and federal levels—can drive new tech-

nology availability, demand, and adoption. For example, green chemistry education 

and research funding can lead to new innovations and encourage universities to  

integrate the teaching of green chemistry principles and practices into their curricula. 

Policies can drive demand by calling for the purchase of less toxic products and services. 

Five Key Strategies
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Tax policies favoring green chemistry investment and manufacturing will help companies expand their green  

chemistry efforts domestically. Smart policies should:

•	 create	and/or	support	green	chemistry	research	or	manufacturing	centers	

•	 support	collaborative	research	among	universities,	industry,	and	nonprofit	organizations

•	 offer	funding,	incentives	and/or	prizes	for	green	chemistry	research	and	commercialization

•	 support	demonstration	projects

•	 provide	tax	credits	for	chemistry	that	uses	renewable	feedstocks

•	 track	market	forces,	barriers,	and	opportunities

•	 spur	government,	contractor,	and	grantee	purchasing	of	products	with	safer	chemistries

•	 streamline	permitting	for	green	chemistry	chemical	and	product	manufacturers

•	 increase	education	and	job	training	in	green	chemistry

•	 provide	marketing	and	technical	support	to	firms	through	existing	federal	and	state	programs

•	 help	market	U.S.	green	chemistry	innovations	to	overseas	markets

•	 foster	international	collaboration	through	UNEP	and	other	international	green	chemistry	initiatives

•	 increase	information	flow	about	supply-chain	chemical	use,	toxicity,	and	alternatives	

•	 responsibly	“Fast-Track”	patent	applications	and	permitting	for	green	chemistry	technologies

•	 create	regulatory	frameworks	that	help	reduce	uncertainty	for	industry

3. Foster Collaboration

The GC3 supports efforts that help create collaborations within and among supply 

chains and industry sectors, and which involve other key stakeholders, for the pur-

poses of growing demand, building capacity, stimulating innovation, and improving 

information flow.

The GC3 has a history of fostering collaborations that build the green chemistry  

marketplace. These partnerships have brought together companies in various sectors 

to accelerate innovation and build the supply of green chemistry products to meet 

customer demand. GC3 member companies have stressed the importance of such 

partnerships in developing new innovations and markets. Needed collaborations should:

•	 create	opportunities	for	companies	with	chemistry	challenges	to	connect	with	those	who	can	develop	green	

chemistry solutions

•	 improve	information	flow	(e.g.,	about	chemicals,	demand)	up	and	down	the	supply	chain

•	 come	to	a	common	understanding	of	goals	and	terminology	

•	 help	understand	and	address	barriers	and	needs	

•	 identify	opportunities	and	deploy	pre-competitive	strategies	to	jointly	develop	design	criteria	and	green	 

chemistry solutions

•	 foster	alignment	within	supply	chains	for	new	technologies

•	 build	demand	for	new	green	chemicals	and	materials	

•	 identify	organizations	that	want	to	use	new	products	and	technologies

•	 increase	the	teaching	of	green	chemistry	and	hiring	of	workers	with	green	chemistry	expertise

•	 help	integrate	green	chemistry	and	green	engineering	best	practices	into	the	fabric	of	firm	culture

•	 define	and	communicate	opportunities	that	could	significantly	improve	the	ability	to	effectively	implement	

green chemistry and engineering in chemical manufacturing 
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4. Inform the Marketplace

The GC3 supports the dissemination of information to the marketplace that supports 

green chemistry education, research, and practice.

A key way to help markets grow is to get the right kind of information to the people 

who need it: supply-chain players, policy-makers, academic institutions, advocates, 

and the general public. Information should be shared that fosters information flow 

among researchers and companies about green chemistry challenges, needs, oppor-

tunities, resources for R&D and scale-up, and new products and innovations. Such 

information should include:

•	 available	state	and	federal	funding	and	location	incentives

•	 quantitative	data	on	benefits	of	green	chemistry	to	businesses,	public	health,	and	the	environment

•	 workforce	needs	of	green	chemistry	employers

•	 case	studies	of	green	chemistry	successes

•	 information	on	green	chemistry	alternatives	for	specific	chemical	functions

•	 data	on	economic	indicators	of	the	green	chemistry	economy,	such	as	number	of	jobs,	revenues,	health	 

and other societal indicators, etc. 

•	 information	on	the	cost	to	society	of	accidents	and	incidents	from	hazardous	chemicals	use

5. Track Progress

The GC3 supports the development and use of metrics to track and understand green 

chemistry benefits and progress. 

Green chemistry is not always a simple yes/no proposition, but one of continuous 

improvement, yielding benefits to the economy, environment, and public health. It is 

therefore important to ensure that metrics at the chemical, material, product, firm, 

sector, and societal levels encourage forward movement and track progress towards 

a future where high performing, cost-effective chemicals that minimize negative  

impacts on humans and ecosystems are the norm. These metrics should:

•	 measure	green	chemistry	progress	at	firm,	industry,	and	economy	levels

•	 build	on	existing,	effective	economic	and	sustainability	tools	and	criteria

•	 set	benchmarks	that	lead	to	more	benign	chemistries,	materials,	products,	and	processes

•	 help	to	understand	and	build	the	business	and	policy	cases	for	green	chemistry,	such	as	quantifying	 

business risk from conventional chemistry, revenues, job growth, economic benefits, trends in capital  

flows, and more

•	 be	periodically	evaluated	for	their	effectiveness	and	usefulness
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Taking Action

ThE GC3 hAS SET ThREE KEy ShoRT-TERM GoALS To GuIDE ITS EFFoRTS To MAInSTREAM  

green chemistry:

•	 scale	green	chemistry	innovation;

•	 elevate	the	importance	of	green	chemistry	in	education	and	research;	and

•	 develop	and	pass	smart	policies	that	support	markets,	research,	and	innovation.

To achieve these goals, the GC3 will, in the next two years: 

Support the proposed federal “Sustainable Chemistry Research and Development Act of 2015,” 27  

or similar legislation that meets the GC3’s criteria for “smart policies” 

The Sustainable Chemistry R&D Act of 2015 contains many of the components that the GC3 considers smart pol-

icy, directing the President to establish an interagency Sustainable Chemistry Program to promote and coordinate 

federal sustainable chemistry research, development, demonstration, technology transfer, commercialization, edu-

cation, and training activities. This legislation helps to address barriers relating to the perceived lack of value in 

green chemistry, and the high cost of researching and developing safer alternatives. It would lead to more techni-

cally and/or economically feasible safer alternatives. Parts of this legislation have also been integrated into the 

current draft of Senate Bill 697, the Frank R. Launtenberg Chemical Safety for the 21st Century Act.28

Expand the development and use of innovative tools and resources to accelerate green chemistry 

The GC3 is launching two new web-based portals to support green chemistry research, development, adoption, 

and workforce development. The Innovation Portal helps practitioners identify needs and opportunities for green 

chemistry innovations, links research and business communities, and educates the market about existing green 

chemistry solutions and R&D efforts. The Safer Chemistry Training for Business website contains tools for continu-

ing education that enhance practitioners’ understanding of green chemistry. The GC3 will also revamp its Retailer  

Portal, a compendium of tools and resources that helps retailers source and sell safer products, speeding their 

development and expansion into the marketplace. The GC3 will create tools that its members can use to engage 

with their communities (alma maters, supply chains, colleagues) about green chemistry.  

Convene a National Summit on Green Chemistry Research and Education

Similar to the National Dialogue on Climate Change and Health,29 the GC3 will work with key legislators, federal 

agencies, academic leaders, and other key stakeholders to convene a National Summit on Green Chemistry Research 

and Education that will identify needs, develop a vision, and establish priorities for green chemistry research and 

education. The Summit will amplify efforts already underway by the American Chemical Society’s Green Chemistry 

Institute, Beyond Benign, the Green Chemistry Education Network and others to build a roadmap, curricula, and 

strategies to enhance green chemistry education, leading to a workforce trained for the economy of tomorrow.  

Understanding green chemistry is critical for anyone working with supply chains, in product design or development, 

institutional purchasing, and many other functions in business, government, and academia,
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Build agreement on the priority metrics needed to measure progress in green chemistry and  

ways to gather such information

The GC3 commissioned a white paper, published in 2015,30 that identifies the landscape of current and potential 

types of metrics that could be used to measure progress in green chemistry—from the molecular and product  

levels to the firm and societal levels. In addition, there are other types of metrics, such as numbers of jobs, patents, 

and revenues, which can track the economic benefits of green chemistry. Metrics comparing safety and health  

statistics, hazardous waste compliance costs, and workers’ compensation claims of conventional versus green 

chemistry can be used to make the business case for green chemistry. The GC3 will convene key stakeholders to 

identify priority metrics to measure green chemistry progress in the short and longer terms, and identify needed 

steps to support the gathering of such information. This will enhance market dynamics by providing information 

about the impact of policies and programs, and the business case for green chemistry. 

Engage with public and private sector funding entities to target critical green chemistry needs

Numerous federal agencies that provide funding for research and development, workforce training, and scaling up 

of production facilities can direct money towards green chemistry projects, while private venture funders can be 

helpful in supporting green chemistry start-ups. The GC3 will engage with federal agencies such as the National 

Science Foundation; Environmental Protection Agency; Departments of Commerce, Defense, and Agriculture; the 

National Institute of Standards and Technology; and the National Institute of Occupational Safety and Health, as 

well as policy-makers, in order to open funding channels that support green chemistry needs and yield environmen-

tal, public health, and economic benefits. It will also work to inform venture funders of the opportunities in green 

chemistry, and to identify models and approaches to finance the commercialization of new technologies.

Advance collaborative supply-chain partnerships

The GC3 has had great success bringing together companies to work on pre-competitive collaborations to address 

pressing market needs. Its Plasticizer Project brought together companies in the electronics supply chain to col-

laboratively assess the hazards of alternative plasticizers. The assessments, which were made public, have be-

come the basis for company decisions on which plasticizers to select for their products, and have informed the 

work of stakeholders interested in these materials. The Retailer Leadership Council is engaging major retailers 

with chemical companies to identify ways to accelerate the supply of products of green chemistry to meet custom-

er demand.  The Preservatives Project has convened 12 formulators to identify new green chemistry-based preser-

vatives for use in personal care and household products and accelerate their scale-up. The GC3 will convene at 

least one new collaborative supply-chain project that will focus on another class of chemicals for which new, safer 

alternatives are needed, or that will address a critical supply-chain barrier. 

A summary of these actions and associated barriers and strategies can be found in Appendix III. 
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ThIS IS A unIquE MoMEnT In TIME To ACCELERATE ThE GRoWTh oF GREEn ChEMISTRy. ovER ThE 

past decade, concerns about public and environmental health have increased, consumer demand for safer 

products has grown, and there is uncertainty in petroleum markets, the traditional building block of chemi-

cals. There has also been unprecedented growth in collaborations between sectors and within supply chains to 

advance safer, more sustainable chemicals and products, and green chemistry research and education. World-

wide, demand for green chemistry is growing and is not expected to change. The business and economic cases 

for green chemistry have become increasingly clear, while the barriers to green chemistry, still significant, are  

better understood. The needs and opportunities for partnership in green chemistry research, adoption, and grow-

ing scale are not going away. 

The GC3 looks forward to working with industry, government, researchers, and advocates that share the goals and 

vision outlined in this Agenda, and that wish to take meaningful actions with the GC3 to mainstream green chemistry. 

Conclusion
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1. PoLLuTIon PREvEnTIon

It is better to prevent waste than to treat and clean up waste after it is formed.

2. AToM EConoMy

Synthetic methods should be designed to maximize the incorporation of all materials used in the process  

into the final product.

3. LESS hAZARDouS SynThESIS

Whenever practicable, synthetic methodologies should be designed to use and generate substances that  

possess little or no toxicity to human health and the environment.

4. DESIGn SAFER ChEMICALS

Chemical products should be designed to preserve efficacy of the function while reducing toxicity

5. SAFER SoLvEnTS AnD AuXILIARIES

The use of auxiliary substances (solvents, separations agents, etc.) should be made unnecessary whenever  

possible and, when used, innocuous.

6. DESIGn FoR EnERGy EFFICIEnCy

Energy requirements should be recognized for their environmental and economic impacts and should be  

minimized. Synthetic methods should be conducted to ambient temperature and pressure.

7. uSE oF REnEWAbLE FEEDSToCKS

A raw material or feedstock should be renewable rather than depleting whenever technically and economically 

practical.

8. REDuCE DERIvATIvES

Unnecessary derivatization (blocking group, protection/deprotection, temporary modification of  

physical/chemical processes) should be avoided whenever possible.

9. CATALySIS

Catalytic reagents (as selective as possible) are superior to stoichiometric reagents.

10. DESIGn FoR DEGRADATIon

Chemical products should be designed so that at the end of their function they do not persist in the  

environment and instead breakdown into innocuous degradation products.

11. REAL-TIME AnALySIS FoR PoLLuTIon PREvEnTIon

Analytical methodologies need to be further developed to allow for real-time in-process monitoring  

and control prior to the formation of hazardous substances.

12. InhEREnTLy SAFER ChEMISTRy FoR ACCIDEnT PREvEnTIon

Substance and the form of a substance used in a chemical process should be chosen so as to minimize  

the potential for chemical accidents, including releases, explosions, and fires.

A p p e n D I x  1

The 12 principles of  Green Chemistry31
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A p p e n D I x  I I

Summary of  Key Barriers to  
Implementing Green Chemistry

Development, Identification, and Evaluation of Green Chemistry Innovations

High cost and long time frame to research, develop, test, and scale up safer alternatives

Perception of lack of value in pursuing green chemistry

Lack of sufficient information available to assess chemical hazards

Lack of financial and policy support for green chemistry research and companies

Regulatory uncertainty

Externalization of costs (public health, environmental degradation) of conventional chemistry

Supply-Chain Alignment

Lack of technically and/or economically feasible safer alternatives

High cost, time, and risk of incorporating alternatives (performance, testing, regulatory, product redesign, etc.)

Perceived high cost of green chemistry alternatives

Lack of transparency in supply chain

Requirements for supply-chain transparency

Incumbency of existing chemicals and markets 

Multiple complex supply chains for any given chemical

Risks of switching not shared across supply chain

Supply and demand not in sync

Lack of communication within supply chains

Education 

Lack of green chemistry-trained chemists and chemical engineers

Lack of alignment of industry need and academic workforce

Inertia and incumbency of traditional chemistry education

Metrics

Lack of agreement on what should be “counted” as green chemistry

Lack of data to measure progress and make the case for green chemistry benefits
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A p p e n D I x  I I I

GC3 Actions, Barriers Addressed,  
and Strategies Used

Action barriers Addressed Key Strategies Addressed

Support the proposed 
federal “Sustainable 
Chemistry Research and 
Development Act of 2015,” 
or similar legislation that 
meets the GC3’s criteria 
for “smart policies”

•	 Perception	of	lack	of	value	in	 
pursuing green chemistry

•	 High	cost	and	long	time	frame	to	 
research, develop, test, and scale up  
safer alternatives

•	 Lack	of	technically	and/or	 
economically feasible alternatives

•	 Lack	of	green	chemistry-trained	 
chemists and chemical engineers

•	 Enhance	Market	Dynamics

•	 Support	Smart	Policies

Expand the development 
and use of innovative tools 
and resources to accelerate 
green chemistry

•	 High	cost	and	long	time	frame	to	 
research, develop, test, and scale  
up safer alternatives 

•	 Incumbency	of	existing	chemicals	 
and markets

•	 Supply	and	demand	not	in	sync	

•	 Lack	of	green	chemistry-trained	chemists	
and chemical engineers 

•	 Foster	Collaborations

•	 Inform	the	Marketplace

Convene a National Summit 
on Green Chemistry 
Research and Education

•	 Lack	of	green	chemistry-trained	 
chemists and chemical engineers

•	 Lack	of	alignment	of	industry	need	 
and academic workforce

•	 Inertia	and	incumbency	of	traditional	
chemistry education

•	 Enhance	Market	Dynamics

•	 Inform	the	Marketplace

Build agreement on the 
priority metrics needed in 
the short term to measure 
progress in green chemistry 
and ways to gather such 
information

•	 Lack	of	agreement	on	what	should	 
be “counted” as green chemistry

•	 Lack	of	data	to	measure	progress	and	
make the case for green chemistry  
benefits

•	 Enhance	Market	Dynamics

•	 Track	Progress

Engage with federal agencies 
to open funding channels 
targeted at critical green 
chemistry needs

•	 High	cost	and	long	time	frame	to	 
research, develop, test, and scale up  
safer alternatives

•	 Lack	of	financial	and	policy	support	for	
green chemistry research and companies

•	 Lack	of	technically	and/or	economically	
feasible safer alternatives

•	 Incumbency	of	existing	chemicals	 
and markets

•	 Enhance	Market	Dynamics

•	 Support	Smart	Policies

Advance Collaborative 
Supply-Chain Partnerships

•	 Lack	of	technically	and/or	economically	
feasible safer alternatives

•	 Lack	of	communication	within	supply	
chains

•	 Enhance	Market	Dynamics

•	 Foster	Collaborations
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Action barriers Addressed Key Strategies Addressed

Support the proposed 
federal “Sustainable 
Chemistry Research and 
Development Act of 2015,” 
or similar legislation that 
meets the GC3’s criteria 
for “smart policies”

•	 Perception	of	lack	of	value	in	 
pursuing green chemistry

•	 High	cost	and	long	time	frame	to	 
research, develop, test, and scale up  
safer alternatives

•	 Lack	of	technically	and/or	 
economically feasible alternatives

•	 Lack	of	green	chemistry-trained	 
chemists and chemical engineers

•	 Enhance	Market	Dynamics

•	 Support	Smart	Policies

Expand the development 
and use of innovative tools 
and resources to accelerate 
green chemistry

•	 High	cost	and	long	time	frame	to	 
research, develop, test, and scale  
up safer alternatives 

•	 Incumbency	of	existing	chemicals	 
and markets

•	 Supply	and	demand	not	in	sync	

•	 Lack	of	green	chemistry-trained	chemists	
and chemical engineers 

•	 Foster	Collaborations

•	 Inform	the	Marketplace

Convene a National Summit 
on Green Chemistry 
Research and Education

•	 Lack	of	green	chemistry-trained	 
chemists and chemical engineers

•	 Lack	of	alignment	of	industry	need	 
and academic workforce

•	 Inertia	and	incumbency	of	traditional	
chemistry education

•	 Enhance	Market	Dynamics

•	 Inform	the	Marketplace

Build agreement on the 
priority metrics needed in 
the short term to measure 
progress in green chemistry 
and ways to gather such 
information

•	 Lack	of	agreement	on	what	should	 
be “counted” as green chemistry

•	 Lack	of	data	to	measure	progress	and	
make the case for green chemistry  
benefits

•	 Enhance	Market	Dynamics

•	 Track	Progress

Engage with federal agencies 
to open funding channels 
targeted at critical green 
chemistry needs

•	 High	cost	and	long	time	frame	to	 
research, develop, test, and scale up  
safer alternatives

•	 Lack	of	financial	and	policy	support	for	
green chemistry research and companies

•	 Lack	of	technically	and/or	economically	
feasible safer alternatives

•	 Incumbency	of	existing	chemicals	 
and markets

•	 Enhance	Market	Dynamics

•	 Support	Smart	Policies

Advance Collaborative 
Supply-Chain Partnerships

•	 Lack	of	technically	and/or	economically	
feasible safer alternatives

•	 Lack	of	communication	within	supply	
chains

•	 Enhance	Market	Dynamics

•	 Foster	Collaborations

ThE GREEn ChEMISTRy & CoMMERCE CounCIL (GC3) IS A buSInESS-To-buSInESS FoRuM ThAT 

works collaboratively to accelerate the application of green chemistry across industry sectors and supply 

chains. The GC3 provides an open setting for companies to share information and experiences about the 

challenges to and opportunities for safer, more sustainable chemicals and products. 

Established in 2005, the mission of the GC3 is to make green chemistry standard practice, contributing to innovation, 

improved public health, and protection of the environment.   

The GC3:

•	 Develops	and	promotes	tools,	policies,	and	business	practices	to	drive	the	application	of	green	chemistry	

throughout supply chains;

•	 Fosters	collaboration	among	businesses,	government,	non-governmental		organizations,	and	academic	 

researchers; and

•	 Undertakes	cutting	edge	research,	model	partnership	projects,	and	outreach	and	education	to	leverage 

 development and adoption of green chemistry solutions.  

The GC3 works through project groups that may vary from year to year based on the priorities of its members. For 

a list of current GC3 projects, visit www.greenchemistryandcommerce.org.

The GC3 also holds educational webinars, facilitates dialogues, publishes a monthly newsletter, and hosts an  

annual Innovators Roundtable that brings together experts to explore solutions to green chemistry challenges. 

GC3 reports and articles, webinars, and meetings provide critical background to support efforts to mainstream 

green chemistry.

GC3 businesses range from major international corporations to small start-up firms, from those whose business 

model is based entirely on green chemistry approaches to those that are developing or expanding the green chem-

istry side of their business practices. Virtually all GC3 companies have formal policies on green chemistry or on 

restricting certain types of hazardous chemicals, and include green chemistry as an explicit business priority.

GC3 members include chemical companies; product brands; manufacturers that design and/or make items such 

as apparel and footwear, personal care products, furniture, building products, and electronics; and retailers. Rep-

resentatives from academic institutions, non-governmental organizations, and government are also members. 

Individuals participating in the GC3 work in a wide variety of functions within their companies, including product 

stewardship, sustainability, research and development, environmental health and safety, and regulatory affairs. 

GC3 member company revenues account for approximately 7% of US GNP. 

The GC3 is coordinated by the Lowell Center for Sustainable Production at The University of Massachusetts, Lowell. 

About the Green Chemistry & Commerce  
Council (GC3)

http://www.greenchemistryandcommerce.org
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3M

ACS Green Chemistry Institute

Advancing Green Chemistry

AkzoNobel Inc.

Aubrey Organics

Avon Products, Inc.

BASF Corporation 

Battelle

Beautycounter

Behr Paint

Best Buy Company, Inc.

BioAmber Inc.

Bioindustrial Innovation Canada

Biomimicry 3.8

Bose Corporation

Center for Environmental Health

Chemours

Christ Supplies, LLC

Clean Production Action

Colgate-Palmolive

Community Playthings

Connora Technologies

Construction Specialties, Inc.

Covestro

Cradle to Cradle Products  
Innovation Institute

Designtex 

Dow Chemical Company 

DuPont 

Eastman Chemical Company

Green Chemistry & Commerce Council Members 
(As of November 2015. For an updated list, visit www.greenchemistryandcommerce.org)

Pepper Hamilton LLP

Procter and Gamble Company

Pure Strategies, Inc.

Reckitt Benckiser

Resinate Materials Group

SABIC

San Francisco Department  
of the Environment 

Schneider Electric

Seventh Generation

Shaw Industries Inc.

Solazyme 

Staples, Inc.

State of Oregon, Department  
of Environmental Quality

Steelcase Inc.

Target

Tetrahedron

The Wercs Ltd

thinkstep

Timberland

Toxics Use Reduction Institute 
(TURI)

ToxServices, LLC 

UL Environment 

University of Toledo

Valspar Corporation 

Verdezyne

VF Corporation

Washington State  
Department of Ecology

Elevance Renewable Sciences

Environmental and Public Health 
Consulting

Environmental Defense Fund

Environmental Protection Agency

Forsythia Foundation

Green Advantage Consultants

Green Depot

Green Electronics Council

Green Futures Unlimited

Green Seal, Inc.

GreenBlue

GreenCentre Canada

Herman Miller 

Hewlett Packard Company

Investor Environmental Health  
Network

Johnson & Johnson

L’Oréal

Levi Strauss & Co.

Method Products, Inc.

Minnesota Pollution Control  
Agency 

Naturepedic

NatureWorks LLC

New Balance

NEWMOA

Nike, Inc.

NSF International

NYS Pollution Prevention Institute 

Patagonia
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